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Muponos I1. @. EdeKTUBHICTh JIKYBaHHS THIMHOI XIpypridyHOi 1H(EKii
HAHOYACTUHKAaMU cpi0iia Ta HU3bKOYACTOTHUM YJIbTPA3BYKOM (EKCIIEPUMEHTAIbHE
nociimpkenHs ) — Keamigikaiiiina HayKoBa Mpans Ha rpaBax pyKOIuUCY.

Huceprariisi Ha 3100yTTS HAYKOBOTO CTyIEHs JOKTopa (imocodii 3a
cnemianbHicTiO 222 — «Menuuunay. — CyMcbkuid nepxkaBHuil yHiBepcurer MOH
VYkpaiau, Cymu, 2021.

Cymcbkuit gepxkaBauii yHiBepcuret, Cymu, 2021.

Jucepraiiis  NpUCBSYEHA  JOCIIDKEHHIO  €(PEKTHUBHOCTI  MOEIHAHOTO
3aCTOCYBaHHS HAHOYACTHHOK cpibjia Ta HHU3BKOYACTOTHOI'O YIBTPa3BYKYy IIpU
JTIKYBaHHI THIHHOI X1pypriyHoi iH}eKii.

XipypriuHa 1HQEeKUis MKIpY Ta M IKUX TKaHUH B Halll 4yac 3aiiMa€ OJHE 3
NEepIIMX MICIb B CTPYKTYpl XIpypriuHoi 3axBoproBaHocTi 1 ckiamgae 30-45 %.
HesBaxatoun Ha AOTpUMAaHHSA NPUHIUIIB ACENTHUKU 1 AHTHUCENTHUKU, PO3BUTOK
MaJOIHBa3WBHUX  TEXHOJOTIH, IIUPOKE 3aCTOCYBaHHS  aHTHOAKTEpiaTbHUX
npenapariB, KUTbKICTh XBOPHUX 3 THINHUMH PAaHOBUMU MPOLECAMU HE MA€ TEHACHIIIT
710 3MEHIIICHHS, a YaCTOTa XIpyPriuHoi 1HPEKIlT 3aMIITaeThCsl CTaO1IBHO BUCOKOIO 1
3aiiMa€e TpeTe MICUE Y CTPYKTYPI BCIX BHYTPILIHbO-TIKAPHIHUX 1HPEKIITH.

Buknnkae 3aHEMOKOEHHS BeMMKa KUIBKICTh IMICISIONEpAIliiHAX THIMHUX
YCKIIQJHEeHb, SIKa MICIIl YMOBHO «YHCTHUX» OMepalliii ctanHoBuTh 3-15 %, ta Big 5 10
30 % — micnsa omepalliif 3 TOCTPOIO XIpYpPriuHOW Martosoriero. JleTanpHICTh MpH
TaKWX 3aXBOPIOBAHHAX SK HEKPOTUYHHUHN LEmomT 1 (acuiit carae 50 %, a npu
CEeNTUYHUX cTaHax Moxke focsiratu 60 %. OcTaHHIM YacoM CUTYallisl YCKJIaHUIACA
3pOCTaHHSM YHUCJA MOJMIPE3UCTEHTHUX MAaTOT€HHUX MIKPOOPraHi3MiB, CTIMKUX HE
JIAIIE IO aHTHUOI0THKIB, ajie 1 JO aHTHUCENTHKIB.

BuBdenns OionoriyHux 1 (I3MYHMX BIACTHMBOCTEM HHU3bKOYACTOTHOIO
YIbTPa3ByKY MPU3BEJIO 10 HOrO IIUPOKOTO BUKOPHCTAHHS B X1pyprii. YIbTpa3ByKoBa

xipypriuna 00poOKa THIMHMX paH CTBOpWJIa TapHy JI0Ka30BYy 0a3y MpPOTIroMm



ocTaHHIX 50-TH pOKIB 1 MOXE CTaTH METOAOM BHOOPY 3aBISKH MajoMy
TpaBMaTU3My, CKOPOUEHHIO TEPMiHIB JIIKYBaHHS, BIJICYTHICTIO MOOIYHMX e(EKTIB Ta
€ EKOHOMIYHO OOTPYHTOBaHOIO. HU3bKOUACTOTHUH yNBTPa3BYK CYyTTEBO MPUCKOPIOE
TEPMIHM OYMIIECHHS paHu BiA (PIOpUHY Ta HEKPOTUYHUX TKAHWH, MIJCHIIIOE IO
0aratb0X aHTUOIOTHUKIB 1 AHTUCENTHUKIB, CIPUSE JEMOHYBAHHIO MEIUKAMEHTIB Y
MOBEPXHEBUX IIapaXx paH, CTUMYIIOE€ BHYTPIIIHHOKIITHHHUNA OlOCHMHTE3 1
pereHeparuBHi MPOLECH, MOKpaIlye MIKPOLMPKYIALII, MiABUILYE (arouutapHy
AKTUBHICTB JIEHKOIIUTIB.

3a ocTaHH1 J1Ba JECATWIITTS 3HAYHO 3pOCJIO 3aCTOCYBaHHS HaHOMAarepiajiB
JUTS 3aTO€HHS paH Ta mpoduraktuku iHekmii. OcoOnuBy yBary mpuUBEpTaIOTh
HAHOYACTUHKHU cpi0Ja, K1, 32 paXyHOK 301JIbIIICHHS XIMIYHOTO IMOTEHII1aTy, BEJIUKOT
MMATOMOI TIOBEPXHi, BUCOKOI IMTPOHMUKAIOUOT 3/IaTHOCTI 1 aACOpOIiliHIi aKTUBHOCTI,
BOJIOJIIFOTH IIMPOKUM aHTUOAKTEpIaIbHUM CHEKTPOM ii SIK MPOTH FPaMHETaTUBHOI,
TaKk 1 TPaMIIO3UTUBHOI MIKpOo(JIopd Ta HE BHUKIMKAIOTh PE3UCTEHTHOCTI Y
MikpoopraHi3miB. HaHowacTuHku  cpibna  30aTHI  CTBOPIOBATHM  CTIMKHUUA
aHTHOaKTEepiaIbHUIM e(PEeKT Ta BOAHOYAC MAIOTh MPOTH3anajibHI BIACTUBOCTI, 11O
JI03BOJISIE BUKOPUCTOBYBATH iX y SIKOCTI aHTHCENTUYHOTO 3aco0y Ta y CKIai
NepeB’ sI3yBAIBHOTO MaTepiary.

Meroto pobotu Oylo eKClepuMEHTadbHE OOTPYHTYBAaHHS IOEIHAHOTO
3aCTOCYBaHHS HAHOYACTUHOK Cpi0jia Ta HHU3BKOYACTOTHOTO YIBTPA3BYKY IIpH
JIKYBaHHI THIHHO1 X1pypriuyHoi 1H(EKIIi.

BianoBimHO [0 TOCTaBIeHUX 3a/lad BUKOPHCTOBYBAIUCH TaKi METOAH
JTOCJTIJIPKCHHS: 3arajJbHOKJIIHIYHI, IJIaHIMETPUYHI, MOphOMETPHUYHI,
OakTepioNoriyHi, TICTONOTIYHI, ITATOJOTIYHI, CTAaTUCTUYHI, ATOMHO-EMICIHHY
CHEKTPOMETPII0 3 IHAYKTHUBHO 3B'SI3aHOI0 IUIA3MOIO, MPOCBIYYIOUY EJIEKTPOHHY
MIKpPOCKOITiI0, aTOMHO-a0COpPOIIifiHY CIEKTPOMETPII0, PACTPOBY EICKTPOHHY
MIKPOCKOII0, EHEPrOIMCIEPCIITHY PEHTTEHIBChKY CIIEKTPOCKOIIIIO.

B Mikpo06iosoriyHux — JOCHI/DKEHHSX  OyiauM  BHBYEHI  aHTUMIKPOOHI
BJIACTMBOCTI HAHOYACTMHOK cCpibja Ta iX I[IOEAHAHOTO 3aCTOCYBaHHSA 3

HU3bKOYaCTOTHUM YJIbTPa3BYKOM MPOTH 30yIHUKIB THIMHOI XIpypriuHoi iH(peKIii.



[uTOoTOKCHYHI BIACTUBOCTI HAHOYACTHMHOK cpiOja OyiIu JOCHIDKEeHI Ha
KyJbTYp1 KJIITUH AepMaibHUX (iOp0o06II1acTiB.

ExcniepuMeHTanbHe JOCHIDKEHHS IN-VIVO Oyimo mpoBeneHe Ha 240 Oimux
HEMHINHUX 71a00paTOpHUX IIypax-caMIilsiX. Yci JabopatopHi TBapuHH OYJIH
po3nojauieHl Ha KOHTpoibHY (JikyBaHHs 0,05 % pozumHom Xioprekcuauny, 60
nrypiB) Ta excriepuMmeHTanbHy (180 1rypiB) cepii, KoxHa 3 SKUX OyJa MmojijieHa Ha
JIB1 TPYNH: TOCTP1 THIMHI paHU Ta THIMHI paHu, 1110 TPUBAIMI Yac He 3arortoThes. B
KOXKHIM ~ eKCHEpUMEHTANbHIM Tpymi BUAULUIM 1O 3 MIATPYOH: JIKyBaHHS
HaHo4acTuHKamu cpibia (30 mrypiB), HU3bKOYACTOTHUM YJIBTPA3BYKOM 3 YaCTOTOIO
26,5+ 198 xI'm (30 murypiB), Ta HaHOYACTUHKAMH CpibjJa B TMOETHAHHI 3
HU3BKOYACTOTHUM YJIbTpa3BykoM (30 1rypiB).

ExcniepuMeHTanbHy TOCTPY THIHHY paHy CTBOPIOBAJIH IUIIXOM ITiIITUBAHHS
MapJIeBOTO TaMIIOHY Ha 72 TOJ 3 CYMIIIIIO JTOOOBUX KYJIBTYP MIKpOOpraHi3miB
S.aureus (1,0 mi), E. coli (1,0 mm) Ta P. aeruginosa (1,0 mi1) 3 KOHIIEHTpaIIi€t0
koxkHoro mo 5x10° KYO/mi. MojenoBands THIMHUX paH, AKi TpPUBAIO HE
3arorI0ThCSI, CTBOPIOBAJM NIJISXOM MIAIIMBAaHHS MapieBoro tammoHy Ha 10 mi6 (3
3aMIHOIO Ha TPETIO Ta MIOCTY A00Y) 3 CyMIIIIIO JOOOBUX KYJIbTYpP MIKPOOPIaHi3MIB
S. aureus (1,0 mx), E. coli (1,0 ) ta P. aeruginosa (1,0 mu1) 3 KOHIEHTpAIIEO
KOXHOro 110 5%10° KYO/mu1.

3 METOI OIlIHKK OakTepunuaHoro e(GeKkTy HaHOYACTUHOK cpidia Ta
HU3bKOYACTOTHOTO  YJIbTPAa3BYKYy BHBYAJIM SKICHMM Ta KUIBKICHUM CKJIaj
Mikpoduiopu paH Ha 1-my, 3-Ti0, 5-ty, 7-y, 10-ty, 14-Ty Ta 21-my noOy
EKCIIEPUMEHTY.

Jlns ouiHKM e(EeKTHMBHOCTI JIKyBaHHS BpPaxXxOBYBAJM TEPMIHH OUUIICHHS
PaHOBHX MTOBEPXOHbB BiJ] THINHO-HEKPOTUYHUX TKAHWH, TEPMIHU TOSIBU TPAHyJISIIIN,
KpaioBOi1 emiTeni3alii Ta HOBHOTO 3arO€HHS paH.

[TnaniMeTpuydH1 AOCTIKEHHS TUHAMIKA PAaHOBOTO MPOIECY BUKOHYBAJIM Ha
1-mry, 3-Tt0, 7-y, 14-1y Ta 21-11y 100y excriepuMeHTy. B 111 %k TepMiHU TPOBOIUIU
IUTOJIOTTYHE JJOCIIIPKEHHS Ma3KiB BIIOUTKIB 3a MeToaukoro M. I1. [TokpoBcbkoi Ta

M. C. Makapoga y monudikaiii JI. M. IlIreitnOepra Ta ricTOIOrI4HE TOCIIHKEHHS



TKaHUH PaHOBOTO JIe(PEKTY.

CuHTe30BaH1 HAHOYACTHHKHU Cpibia, po3mipamu 25-60 HM, BUSBIIA BUCOKY
AHTUMIKPOOHY aKTHBHICTh MPOTH T'PAMITO3UTUBHHUX Ta FPAMHETaTUBHUX 30YyIHHUKIB
THIHHOT Xipypriunoi iHgekiii in Vvitro Ta in Vvivo. MiHiManbHa 1HTIOyrOYa
koHueHTpailis (MIK) HaHogacTuHOK cpibia KoiMBajgach B Mexax Big 12,5 MKr/mi
710 25 MKT/MI1, a MiHIMasbHa OakTepuiuaHa konentpais (MBK) — Big 12,5 Mxr/mo
10 50 mxr/mit. [loegHane 3acTOCYBaHHI HAHOYACTUHOK Cpi0Jia Ta HU3bKOYACTOTHOTO
yIABTPa3BYKYy JO3BOJMIIO PI3KO CKOPOTHUTH OaKTepiOCTaTMYHY Ta OaKTEpULIUIHY
KOHIICHTpaIlii HaHOYaCTMHOK cpibia: s S.aureus Ta P.aeruginosa MIK
smenmmiaacs 10 0,05 mxr/min, ais E. coli — mo 0,4 mxr/mu, mist K. pneumoniae — 1o
0,8 mxr/mu, ais P. vulgaris — qo 0,2 mxr/mi, mas S. pyogenes — a0 0,1 Mxr/mo, s
C. albicans— 10 0,012 mxr/mi; MBK s E. coli a P. vulgaris ckimagana 0,8 MKr/mi,
S. aureus — 0,1 mxr/ma, C. albicans — 0,05 mkr/ma, K. pneumoniae — 1,6 Mxr/mi,
S. pyogenes — 0,4 mkr/mu, P.aeruginosa — 0,2 mxr/mi. IloenHane 3acToCcyBaHHS
HAHOYACTHHOK cCpiblia Ta HU3BKOYACTOTHOTO YIBTPa3BYKYy MPHUCKOPIOBAIO
IIBUJIKICTh eiMiHaIlli 30yJHUKIB Ta MOKPAIlYBaJI0 aHTHOIOIIIBKOBY aKTHBHICTH
HAHOYAaCTUHOK cpidia.

Ha «xynapTypi KimiTHH JepManibHEX —(PiOpoOIacTiB  HE  crocTepiraiocs
IIUTOTOKCUYHOI /111 HAHOYaCTUHOK cpi0jia yepe3 72 Toj MPpU KOHIICHTPALISX HUKYE
3,2 MKT/MI1, Ta yepe3 24 roj1 — Ipyu KOHIIEHTPAIisIX HAHOYACTUHOK cpibia Hikue 6,4
Mkr/mia. EdexTuBHa aHTUMIKpoOOHAa KOHIIGHTpAIlisl HAHOYACTHHOK cpibna y
MO€EHAHHI 3 HU3bKOYACTOTHUM yJbTpa3BykoM (26,5 + 1,98 xI'11) He mepeBumyBaia
JOTYCTUMUX UTOTOKCUYHHUX 3HAYEHb, 10 I03BOJISIE€ 3aCTOCOBYBATH HAHOYACTUHKHU
cpibia mpH JiKyBaHHI THIMHOI XipypriuHoi iH(eKIil y KOHIeHTpallisax Hmwk4e 1,6
MKT/MJL

PesynmbpTatu eKCiepuMEeHTAILHOTO JOCIIHKEHHS Ha JTa00OpaTOPHHX IIypax in-
VIVO BKa3ylOTh Ha MO3WTHUBHY JWHAMIKy 3aro€HHS Ta TPUCKOPEHHS BCIX (a3
pPaHOBOrO TPOIECY TOCTPUX THIMHUX paH Ta THIMHUX paH, IO TPUBAIO HE
3arol0I0ThCSl  MPU  MOEAHAHOMY BHKOPUCTAaHHI HAHOYACTMHOK cpibja Ta

HU3bKOYAaCTOTHOTO YJIBTPA3BYKY.



[loenHane 3acTOCYBaHHS HAHOYACTMHOK Cpibja Ta HU3bKOYACTOTHOTO
yabTpa3Byky (26,5 + 1,98 k') npu JiKyBaHHI TOCTPUX THIHHUX paH J03BOJISIE
MPUCKOPUTH 3arO€HHS 3a PaxXyHOK IIBHJIIOTO OYWINEHHS paH BiJ THIHHO-
HEKPOTUYHUX TKaHWH, Kpamoi emmiHaiii 0akTepiaabHOI MIKpO(IOpH, MIBUAINIMX
TEPMIHIB TMOSBU TPaHyJALIN Ta emitenizaiii, mopiBHAHO 3 jikyBaHHsIM 0,05 %
po3urHOM  XJIOPTeKCHAWHY, MOHOTEpaIli€l0 HaHOYaCTMHKaMu cpibia Ta
HU3BKOYACTOTHUM YIbTpa3BykoM. [IoBHE 3aKpHUTTS paHOBUX AE(PEKTIB TOCTPUX
rHiifHUX paH Hactajito Ha 11,3 auiB mBuamie (p < 0,0001), mopiBHAHO 3 JIKyBaHHIM
po3uuHoM XJoprekcuauHy;, Ha 5,1 moow mBumgme (p < 0,05), mopiBHSHO 3
MOHOTEpAIMi€l0 HAHOYACTUHOK cpibna; Ta Ha 2,2 nobu mBumme (p < 0,05), B
MOPIBHSIHHI 3 MOHOTEPAINi€l0 HU3bKOYACTOTHUM YJIbTPA3BYKOM.

[Ipu nikyBaHHI THIHHHUX EKCIIEPUMEHTAIbHUX paH, IO TPHUBAJIO HE
3arol0I0ThCS, 3 TMO€JHAHUM BUKOPHCTAaHHSIM  HAHOYACTUHOK cpibia Ta
HU3bKOYACTOTHOTO YIbTPa3ByKy (26,5 £ 1,98 kI'1), y MOpiBHAHHI 3 JIIKYBaHHIM
0,05 % po3zunHOM XJOPreKCUANHY, MOHOTEpPAMI€0 HaHOYACTMHKAMU cpibiia Ta
HU3BKOYACTOTHUM YJIbTPa3BYKOM, CIIOCTEPIrajoch INBUJIIIE OYHUIIEHHS paH Bij
THIMHO-HEKPOTUYHUX TKAHWH, Kpalla emMiHamisl OakTepiaibHOI MIKpOhIopH,
MIBUAII TEPMIHUA TIOSBU TPAHYJAIIN Ta emiTemnisaiii, 1, SK HaCIIJOK, IIBHIIIC
3aroeHHs pad. [loBHa emiTenizanis rHIMHUX paH, 10 TPUBAJIO HE 3arOIOIOTHCA, MPU
MOE€THAHOMY BUKOPUCTaHHI HAHOYACTUHOK Cpibjla Ta HHU3BKOYACTOTHOTO
yJIbTpa3ByKy HacTynuia Ha 6,9 auiB mBume (p < 0,05), MOpiBHAHO 3 JIKYBaHHIM
0,05 % pozunaoM XnoprekcuauHy; Ha 2,9 moou mBumame (p < 0,05), mopiBHIHO 3
MOHOTEpAITIE0 HAaHOYACTUHKaMM cpibiya; Ta Ha 4,2 moou mBuame (p < 0,05), y
MOPIBHSIHHI 3 MOHOTEPAITI€10 HU3bKOYACTOTHUM YJIBTPAa3BYKOM.

[Ipu mocmimxkeHHI KpPOBI IIYypiB, KOHIIEHTpaAIlis cpibjia HE MepeBUlllyBajia
MOKa3HUKNA KOHTPOJBHOI Ipynu 1 Oyna B mexax Big 0,06 mxr/m go 0,16 Mkr/m.
MiclueBe BUKOPUCTAaHHS HAHOYACTUHOK CpiOjia sIK y SIKOCTI MOHOTepaIllii, TaKk 1y
MO€THAHHI 3 HU3BKOYACTOTHUM YyAbTpa3BykoM (26,5 + 1,98 kl'11), nmpu JiKyBaHHI
EKCIIEPUMEHTAIbHUX TOCTPUX THIWHWX paH Ta THIHHWUX paH, 10 TPUBAJIO HE

3arolIThCS, HE 3IHCHIOE CHCTEMHOI Pe30pOTHBHOI i1, HE BUKJIMKAE 1 ABUIICHHS



BMICTY Cpi0Jia B KpOBI Ta B IPWJICTIINX JI0 paHU TKaHWHAX, OJHAK Ma€ TeHJICHIIIIO 10
HAKOMMYEHHSI HAHOYACTUHOK Ccpi0iia Ge3nocepeIHbO Ha TOBEPXHI THIMHUX paH.

HaykxoBa HOBU3HA Ofiep:KaHUX PE3YIbTATIB.

1. JlocmikeHa aHTUMIKpOOHA aKTUBHICTh HAHOYACTHHOK cpi0iia, po3Mipom 25-
60 HM, TIO BiTHOIIEHHIO 70 30yIHMKIB THIHHOI XipypriuHoi iHdekmii: S. aureus,
S. pyogenes, E. coli, K. pneumoniae, P. aeruginosa, P. vulgaris, C. albicans.

2. Brepiie 3amporoHOBaHO MOEIHAHE 3aCTOCYBaHHsS HAHOYACTHHOK Cpibia,
po3mipom 25-60 HM, Ta HU3bKOYACTOTHOTO Y3 (26,5 + 1,98 k') mist mifCcuiIeHHS
AHTUMIKpOOHOI aKTUBHOCT1 HAHOYACTUHOK Cpida.

3. Bmepie gociiikeHl MUTOTOKCHYHI BJIACTUBOCTI HAHOYACTMHOK cpiOia,
po3MipoM 25-60 HM, Ha KyJIbTYp1 KJIITUH JAepMalibHUX (PiOpoOIacTiB.

4. Briepiiie 3amponoHOBAaHO CIOCIO JIIKyBaHHS THIHHOTO PAaHOBOTO IMPOIIECY
HAaHOYAaCTMHKAMHK  Cpi0dJia Ta HU3BKOYACTOTHUM  yIbTpa3BykoMm. JloBeneHa
e(eKTUBHICTh Ta JIOIJIBHICTh MOEIHAHOTO 3aCTOCYBaHHSI HAaHOYACTHHOK cpiOia Ta
HU3HKOYACTOTHOTO YIIBTPA3BYKY TIPH JIKYBaHHI EKCIEPUMEHTAIBHUX TOCTPHUX
THIHHAX paH Ta THIMHMUX paH, [0 TPUBAJIO HE 3arori0ThCs (MATEHT YKpaiHU Ha
kopucHy mojaenb Ne 139132, 3asBka Ne u 2019 05464 Bix 21.05.2019, omy0Oa.
26.12.2019, 6ronerenn Ne 24).

5. Bnepie gociigkeHa MOXJIMBICT PO3BUTKY PE30POTHUBHOI Iii PO3UHUHY
HAHOYACTUHOK cpibia, po3Mipom 25-60 HM, IIPH HOTO MOETHAHOMY 3aCTOCYBAaHHI 3
HU3BKOYACTOTHUM  YibTpa3BykoM (26,5+ 198 k['1) Ta mpoBeaeHo aHai3
KyMYJISITUBHOI 31aTHOCTI HAHOYACTHHOK cpi0sia B TKAHMHAX EKCIEPUMEHTaIbHHUX
THIMHUX paH.

[TpakTudHe 3HaYCHHS ONIEP’KAaHUX PE3YIIBTATIB.

Croci6 moegHAHOTO BHUKOPUCTAaHHS HAHOYACTMHOK cpidna pa3oMm 3
HU3bKOYACTOTHUM  YJIBTPa3BYKOM €()EKTUBHUU MPOTH 30yJHUKIB THIAHOI
XIpypriuioi  1HQEKUii, MaTOreHeTUYHO OOIPYHTOBaHUN, Ma€  JOBEICHY
e(eKTUBHICTh HA MPUKIIA/ JIKYBAaHHS €KCIIEPUMEHTAJIbHUX TOCTPUX THIWHUX paH
Ta THITHUX paH, 1110 TPUBAJIO HE 3arOI0IOTHCS.

[IpoBenene mOCTIKEHHS O3BOJIMIIO BU3HAYUTH KOMILIEKC OCOOJMBOCTEH



MOP(POPYHKIIIOHATIHPHOTO CTaHy EeKCIEePUMEHTAIbHUX THIWHUX paH 3a YMOB
3aCTOCYBaHHS HAHOYACTMHOK Cpi0iia Ta HU3bKOYACTOTHOTO YIBTPA3BYKy 1 MOXKeE
OyTH BUKOpUCTAHE SK MIAIPYHTS MiJ 4Yac JOCIIJKEHHS MPOIECIB pereHeparii
THIHHUX paH y eKCIIEPUMEHTANIbHIN MEIHIINHI Ta MPAKTUII THIHHOT Xipyprii.

[ToenHane BUKOPUCTaHHS HU3bKOYACTOTHOTO YJIbTPAa3BYKY Ta HAHOYACTHHOK
cpibjla  ICTOTHO 3MEHIIye HEOOXITHY aHTHOAKTepiaibHY  KOHIICHTPAIlIIO
HAHOYACTUHOK Cpi0ia, 10 J03BOJISIE iX 3aCTOCOBYBaTH 0€3 IMTOTOKCUYHOI ii.
OpepxaHi pe3yiabTaTH MOXYTh OYTH OCHOBOIO MOJAJbIIOTO JIOCIHIKEHHS
TOKCHUYHOCTI HAHOYACTHHOK Cpi10Jia I OpraHi3My JIFOIHHHU.

Kntouoei cnosa: THiiiHa XipypriyHa iH(QeKIis, HAHOYACTUHKU cpibma,

HU3bKOYACTOTHUH YIIBTPAa3BYK, aHTHOAKTEpiaJibHA aKTUBHICTh, IIUTOTOKCUYHICTb.
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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.



A large number of postoperative purulent complications, which after
relatively "clean” operations is 3-15 % and from 5 % to 30 % — after operations with
acute surgical pathology, is a cause for concern. Mortality in diseases such as
necrotic cellulitis and fasciitis reaches 50 %, and, in case of septic conditions, can
reach 60 %. Recently, the situation has been complicated by the growing number of
multidrug-resistant pathogens resistant not only to antibiotics but also to antiseptics.

The study of biological and physical properties of low-frequency ultrasound
contributes to its wide use in surgery. Ultrasonic surgical treatment of purulent
wounds has provided a good evidence base over the last 50 years and can be the
method of choice due to low trauma, reduced treatment time, no side effects, and
besides, this method is economically justified. Low-frequency ultrasound
significantly accelerates the cleansing of the wound from fibrin and necrotic tissue,
enhances the action of many antibiotics and antiseptics, promotes the deposition of
drugs in the superficial layers of wounds, stimulates intracellular biosynthesis and
regenerative processes, improves microcirculation, increases phagocytic activity of
leukocytes.

Over the last two decades, the use of nanomaterials for wound healing and
infection prevention has increased significantly. Particular attention is paid to silver
nanoparticles, which, due to increased chemical potential, large specific surface
area, high permeability, and adsorption activity, have a broad antibacterial spectrum
of action against both gram-negative and gram-positive microflora and do not cause
resistance in microorganisms. Silver nanoparticles are able to create a stable
antibacterial effect and at the same time have anti-inflammatory properties, which
allows them to be used as an antiseptic and as a dressing.

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.

In microbiological studies, the antimicrobial properties of silver nanoparticles
and their combined use with low-frequency ultrasound against pathogens of purulent
surgical infection were studied.

The cytotoxic properties of silver nanoparticles were studied in dermal
fibroblast cell culture.

An in-vivo experimental study was performed on 240 white nonlinear male
laboratory rats. All laboratory animals were divided into control (treatment with 0.05
% chlorhexidine solution, 60 rats) and experimental (180 rats) series, each of which
was divided into two groups: acute purulent wounds and purulent wounds that do
not heal for a long time. There were 3 subgroups in each experimental group:
treatment with silver nanoparticles (30 rats), low-frequency ultrasound with a
frequency of 26.5 £ 1.98 kHz (30 rats), and silver nanoparticles in combination with
low-frequency ultrasound (30 rats).

An experimental acute purulent wound was created by suturing a gauze swab
for 72 h with a mixture of daily cultures of S. aureus (1.0 ml), E. coli (1.0 ml), and
P. aeruginosa (1.0 ml) with a concentration of 5x10° CFU/mI. Modeling of purulent
wounds that do not heal for a long time were created by suturing a gauze swab for
10 days (with replacing on the third and sixth days) with a mixture of daily cultures
of microorganisms S. aureus (1.0 ml), E. coli (1.0 ml) and P. aeruginosa (1.0 ml)
with a concentration of 5x10° CFU/m.

In order to evaluate the bactericidal effect of silver nanoparticles and low-
frequency ultrasound, the qualitative and quantitative composition of the wound
microflora on the 1%, 3 5" 7% 10" 14" and 21% day of the experiment was
studied.

To assess the effectiveness of treatment were taking into account the timing
of cleaning wound surfaces from purulent-necrotic tissues, the timing of granulation,

marginal epithelialization, and complete wound healing.



Planimetric studies of the dynamics of the wound process were performed on
the 1%, 3", 7t 14™ and 21% day of the experiment. At the same time, cytological
examination of imprint smears according to the method of M. P. Pokrovskaya and
M. S. Makarov in the modification of D. M. Steinberg and histological examination
of wound defect tissues were performed.

The synthesized silver nanoparticles, 25-60 nm in size, showed high
antimicrobial activity against gram-positive and gram-negative pathogens of
purulent surgical infection in vitro and in vivo. The minimum inhibitory
concentration (MIC) of silver nanoparticles ranged from 12.5 pg/ml to 25 pg/ml, and
the minimum bactericidal concentration (MBC) ranged from 12.5 pg/ml to
50 ug/ml. The combined use of silver nanoparticles and low-frequency ultrasound
dramatically reduced the bacteriostatic and bactericidal concentrations of silver
nanoparticles: for S. aureus and P. aeruginosa MIC decreased to 0.05 pg/ml, for
E. coli — to 0.4 ug / ml, for K. pneumoniae — up to 0.8 pg/ml, for P. vulgaris - up to
0.2 pg/ml, for S. pyogenes —up to 0.1 ug/ml, for C. albicans — up to 0.012 pg/ml;
MBC for E. coli and P. vulgaris was 0.8 ug/ml, S. aureus — 0.1 ug/ml, C. albicans —
0.05 pg/ml, K. pneumoniae — 1.6 ug/ml, S. pyogenes — 0.4 pg/ml, P. aeruginosa —
0.2 pug/ml. The combined use of silver nanoparticles and low-frequency ultrasound
accelerated the rate of elimination of pathogens and improved 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 ug/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/l to 0.16 pg/l. 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.

The scientific novelty of the obtained results.

1. The antimicrobial activity of silver nanoparticles, size 25-60 nm, against
pathogens of purulent surgical infection: S. aureus, S. pyogenes, E. coli, K.
pneumoniae, P. aeruginosa, P. vulgaris, C. albicans was studied.

2. For the first time, the combined use of silver nanoparticles with a size of
25-60 nm and low-frequency ultrasound (26.5 + 1.98 kHz) was proposed to enhance
the antimicrobial activity of silver nanoparticles.

3. Cytotoxic properties of silver nanoparticles, size 25-60 nm, on dermal
fibroblast cell culture were studied for the first time.

4. For the first time a method of treatment of purulent wound process with
silver nanoparticles and low-frequency ultrasound was proposed. The efficiency and
expediency of the combined use of silver nanoparticles and low-frequency
ultrasound in the treatment of experimental acute purulent wounds and purulent
wounds that do not heal for a long time have been proven (patent of Ukraine for
utility model Ne 139132, application Ne u 2019 05464 from 21.05.2019, publ.
26.12.2019, bulletin Ne 24).

5. For the first time the possibility of developing the resorptive action of a
solution of silver nanoparticles, size 25-60 nm, when used in combination with low-
frequency ultrasound (26.5 + 1.98 kHz) was studied and the cumulative ability of
silver nanoparticles in experimental purulent wounds was analyzed.

The practical significance of the results obtained.

The method of combined use of silver nanoparticles together with low-
frequency ultrasound is effective against pathogens of purulent surgical infection,
pathogenetically justified, and has proven effectiveness in the treatment of
experimental acute purulent wounds and purulent wounds that do not heal for a long
time.

The study allowed to determine a set of features of the morphofunctional state

of experimental purulent wounds under the use of silver nanoparticles and low-



frequency ultrasound and can be used as a basis in the study of purulent wound
regeneration in experimental medicine and practice of purulent surgery.

The combined use of low-frequency ultrasound and silver nanoparticles
significantly reduces the required antibacterial concentration of silver nanoparticles,
which allows them to be used without cytotoxic effects. The obtained results may be
the basis for further study of the toxicity of silver nanoparticles to the human body.

Key words: purulent surgical infection, silver nanoparticles, low-frequency

ultrasound, antibacterial activity, cytotoxicity.
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