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biocunme3sosani memaneei HAHOYACMUHKU MAarOmMb VHi-
KaAbHi eracmueocmi ma aKmu@HO GUEHAIOMbCS AK NO-
meHyiiHi aHmumiKpoOHi aceumu. B daniti pobomi onucano
«3eNeHUll» cUHme3 HAHOYACMUHOK cpibaa, 30ilicCHeHUll i3
BUKOPUCMAHHAM 600H020 ekcmpakmy 3 aucms Chaeno-
meles japonica ax 6ionoeiunoi mampuui, a makoyc om-
PUMAHHS iX KOH t0oeamie 3 aHmubiomuKkom uyepmpuarkco-
Hom. YD-eudumi cnekmpu noeAUHAHHS RNIOMEepOUIU
@opmyeanns  OiOCUHME308AHUX HAHOYACMUHOK  cpibaa
(Ch-AgNPs) ma ix kon weamis i3 uegpmpuarconom (Ch-
AgNPs-Cfx), wo xapakxmepusyroms nikamu NOAUHAHHS NO-
6EPXHE8020 NAA3MOHH020 pe3oHaHncy npu 475 i 478 um,
8i0noeiono. Ananiz iHgpauepeoHux cnekmpie iz nepemeo-
pennam Dyp’e eussue yuacmv 2i0poKCUAbHUX | KapOO-
KCUAbHUX (DYHKUIOHAAbHUX epYn ¢heHoabHUX [ apoma-
MUYHUX CHOAYK, (D1aeoHOoidie, mepnenoidie, cnupmie i
KapOOHOBUX KUCAOM POCAUHHO20 eKCMPAaKmy & npoyeci
biosionosaenns Ag* do Ag’, a makooxc yuacmov Kapbo-
HIAbHUX ma aMmiHHux epyn Oiakie y cmabinizauii HaHO-
yacmuHok cpiona. Aumumikpoony axmuericms Ch-AgNPs,
Ch-AgNPs-Cfx ma uepmpuakcony oyiH8aAU, BUKOPUC-
moeytouu wmam Pseudomonas aeruginosa, cmitikuii 0o
deskux uegpanrocnopunie. Busenreno dozoszanedcHe iHeioy-
eanns P. aeruginosa 3a 0ii Ch-AgNPs ma Ch-AgNPs-
Cfx y dianaszoni 2,5—20 mke/Ouck, sike nepesuuyyganco
AKMUGHICMb UempUaKcony y mux camux 003ax, xXapak-
mepusyiouu obudea munu 0i0CUHME306aAHUX HAHOYACMU-
HOK 5K nepcnekmugHi bakmepuuudni aeenmu. Ilodanvuii
docrioncennss Ch-AgNP ma Ch-AgNPs-Cfx moxucymsb 6y-
mu cnpsaMOBaHi HA CMBOPEHHs eheKmUHUX 3acobie 04
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3HUdMICEHHA 003 anmubiomukie 0e3 empamu aHmubdaKme-
PIAAbHOI aKmMUueHOCmMi nPOMuU CMILKUX NAMOoeHie.

Karouosi caosa: nanowacmuuku cpiona, <«3eneHull» CUH-
me3, Chaenomeles japonica, Ko ’reamu 3 anmubiomu-
Kamu, yegpmpuakcoH, noeepxHesull HNAA3MOHHUL pe30-
Hane, 19-cnexkmpockonia, Pseudomonas aeruginosa, aw-
MUMIKPOOHA AKMUBHICMb.

Beryn. HaHopo3mipHi MaTepiaau BinmoBiZaloTh
CyyacHMM MOTpedaM iX 3aCTOCYBaHHS B Hayli Ta
TeXHilli, 30KpeMa, MeTaJeBi HaHOYACTUMHKU IIpU-
BEpPHYJU YBary JOCHIAHUKIB CBOIMU YHiKaJIbHUMU
ONTUYHUMM, €JIEKTPOHHUMHU 1 KaTATiTUIHUMU
practuBocTsiMu (Elemike et al, 2019; Dzhagan
et al, 2022; Yemets et al, 2022). CuHre3 meTa-
JIEBUX HAHOYACTMHOK HA OCHOBI 0iOJOriUHMX
MaTpUIllb («3€J€HUI» CUHTE3) BIPOIOBX OCTaH-
HiX IBOX JECATHUJIITH 3aCBiTUYMB CBOI MepeBaru K
€KOJIOTIYHO YMCTW, IUBUAKMIA, BiITBOPIOBAHUI Ta
HusbkoBuTpatHUil Metonm (Raj et al, 2018; Vus
et al, 2021; Borovaya et al, 2021; Akhter et al,
2024). OtpuMaHi y TakMii cOCi0 HaHOYACTMHKU
XapaKTepU3YyIOThCSl BUCOKOIO OiocymicHicTio (Singh
et al, 2018; Hossain et al, 2019) Ta crabijibHic-
TI0 (Sun et al, 2014; Ren et al, 2019), ockinb-
KM OioJIOTiuHiI MaTpulli, Yy TOMY YUCIi POCIMHHI
€KCTpaKTH, OJHOYACHO MICTITh Y cO0i BiTHOBHU-
KM iOoHIiB MeTajliB Ta OJIOKYyIO4Yi i cTabini3yroui
areHTH IUISI CTBOPEHMX MeTaJleBMX HAHOYAaCTUHOK
(Hemmati et al, 2019; Borovaya et al, 2020).
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Cepen pi3HOMAHITHUX HaMpsMKiB BUKOPUC-
TaHHsI OiOCMHTE30BaHMX METaJe€BUX HAHOYACTU-
HOK 3HA4YHi CITOAiBaHHS JOCIIIHUKIB MOB’sI3aHi 3
iX aHTUMiKpoOHUMM BiacTuBocTaMu (Yuan et al,
2018; Shah et al, 2019) Ta cIPOMOXHICTIO MOIO-
JIaTU CTiMKIiCTh MaTOreHiB OO0 aHTHOiOTHKIB (Mu-
been et al, 2021; Adil et al, 2023). HaiiOinbiia yBara
B [IbOMY CEHCi IpHIiJIeHa HAHOYAaCTMHKaM cpibja
(AgNPs), ki MaloTh BeJUKE CHiBBiIHOILLIEHHS
TUIOLII MOBEPXHi 10 00’eMy, 11O MiABUIIYE iX 0i0-
JIOTiYHY aKTHUBHICTb i OOYMOBJIIOE BiIMiHHI aHTU-
MikpoOHi BimactuBocTi (Yin et al, 2020). Mexa-
Hi3M aHTMOaKkTepianbHOl Aii AgNPs moku He moB-
HICTIO 3pO3YyMiJIMIA, OCKiJIbKM BiH HE peatizye-
ThCS B €IUHOMY i cHeuupiuHOMYy HaIpPSIMKY
(Smekalova et al, 2016). JociimkeHi 1UTIXA iHTi-
OyBaHHsI OakTepiil BKJIOYaloTh aaresito AgNPs
Ha TIOBEPXHi KJIITMHHOI CTIHKM Ta MEMOpaHUu Oak-
Tepiii; mpoHukHeHHsT AgNPs BcepenuHy Oakre-
piabHOI KJIITMHM Ta TMOILUKOMXEHHS KIITMHHUX
CTPYKTYp (MITOXOHJpiil, BaKkyoJieil, pubocom) Ta
6iomostexyn (6inkis, mimigie ta JHK); oxuciio-
BaJIbHUIA CTpecC, CIPUYMHEHUU YTBOPEHHSM akK-
TUBHUX (POPM KHUCHIO i BIIBHUX paguKalliB; MO-
Oynsuio O6akTepialbHUX UUISXiB Mepegadi Cur-
HamB (Dakal et al, 2016; Sanchez-Lypez et al,
2020). Kpim Toro, BUBiJIbHEHi 3 HAaHOYACTMHOK
IOHM CpibJaa MOXYTb YTBOPIOBAaTU CTaOiIbHI
3B’I3KM 3 OilKaMu KJIITUHHOI MeMOpaHM, 110
MPU3BOAUThL OO Ae3aKTUBALIil OiJIKiB, a TakKoxX 3
HYKJICIHOBUMM KHWCJIOTaMHU, 110 IOPYIIYE 3B’S3-
ku Mix nanmoramu JJHK Ta mepenikomkae mo-
My KJIITUH i po3MHOXEHHI0 OakTepiil (Qing et
al, 2018).

ITosgBa maToreHHUX OakTepiit, CTiKuUX A0 Oa-
raTboX abo0 OiTbIIOCTI aHTUOIOTHKIB, JOCTYITHUX
IJII KJIHIYHOTO BUKOPMCTAHHSI, CITOCTEpirajiach
VIIPOJOBX OCTaHHIX AECATWIiTH Ha (QOHi Ham-
MIipHOIO i 4acTO HEBiAIOBIAHOIO 3aCTOCYBAHHS
npenapariB (Cook, Wright, 2022). Hapa3i pe3uc-
TEHTHICTb 10 aHTUOIOTUKIB CTAHOBUTbL CEPHO3HY
CBITOBY 3arpo3y e(MeKTMBHOCTI JIiKyBaJbHUX 3a-
xomiB (Mulani et al, 2019; Ghai, 2024), ciyryioun
MPUYMHOIO 3POCTAaHHS JIETAJbHOCTI Mim 4yac 6ak-
tepianpHux iHdekuiin (WHO, 2023). Cepen Haii-
OB HEOE3MEeYHMX NAaTOIeHIB, 1110 MalOTh BUCOKY
BIPYJIEHTHICTh i HaOyJIM MHOXWHHOI CTiAKOCTi IO
aHTUOAKTepiaJbHUX MpenapariB, € rpaM-HeraTuB-
Ha Oaktepist Pseudomonas aeruginosa (Mulani et
al, 2019). Ilonpu te, o P. aeruginosa BBaXXaeTbCS
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YMOBHO-TIATOTeHHMM MiKpoopraHizmom (Walsh et
al, 2019), cnpuyrHeHi Helo 3aXBOPIOBAHHS XapaK-
TepU3YIOThCSI 3HAYHUM PiBHEM CMEPTHOCTI B 0Ci0
3 BaXKMMM OIliIKaMM Ta OCJIa0JIEHUM IMYHIiTE€TOM
(Bahramian et al, 2019), orxe BuHaijaeHHs ehek-
TMBHUX 3aC00iB MOJOJAaHHS CTiMKOCTI IILOTrO Ma-
TOT€HY € HaA3BUYAHO aKTyaJbHUM 3aBIAHHSIM.

OIHUM i3 MepCrneKTUBHUX IMiAXOAiB € TO€EN-
HaHHS aHTUMiKpOOHOIO IOTEHLiaJly HaHOYaCTH-
HOK cpibJia i JikapCchbKUX TperaparTiB, 0COOJUBO B
iHTiIOYBaHHI MYJIbTUpE3UCTeHTHUX naToreHiB (Fei-
zi et al, 2022), ocKilbKM cOCOOM TOKCUYHOI Aii
AgNPs Binpi3HSIOTbCS Bif, MeXaHi3MiB fii aHTH-
OioTnkiB. CeJeKTUBHICTh HAHOYACTMHOK Cpibia
IO KJIITUHHUX MeMOpaH poOUTh iX e(peKTUBHUMU
MepeHOCHUKAMM JIiKiB, TOHmi SIK iX 3B’SI3yBaHHS 3
OiTKkaMM Ha TOBEpXHi OakTepialbHOI MeMOpaHU
MNPU3BOAWTL 10 MiABUILEHHS 11 MPOHUKHOCTI, IO-
JIETLLYIOUM TIOTPATUISIHHSI QHTUOIOTUKIB Y KJTITUHY.
KomMb6iHOBaHiI MiAX0oOW 3HWXKYIOTh IIAHCU TATO-
TeHiB Ha PO3BUTOK pe3ucTeHTHOCTi (Adil et al,
2019) i MOXyTb CHPHUITH 3HWXKEHHIO JIIKyBajlb-
HUX 703 aHTUOIOTHKIB Ta BiApPOMKEHHIO edeK-
TUBHOCTI MpenapariB, A0 SIKMX BUHMKJIA pPE3UC-
teHTHicTh (Hassan et al, 2016; Adil et al, 2023).

Yemimaunii «3eneHuil» cunTe3 AgNPs mepen-
0ayae BUKOPHUCTAHHS POCIMHHUX MaTpuIilb, Oara-
THX Ha BiTHOBIIIOIOUi crionyku ((hJIaBOHOIIM, TEP-
MEHOIAW, BYIJIEBOAM TOLIO) i OJIOKYIOUi areHTH,
Taki $IK OLIKM, IO 3aIo0iraloTh arjoMepanii
HaHoyacTMHOK (Singh et al, 2018; Karan et al,
2024). Pocnunu pony Chaenomeles Lindl moGpe
BizoMi B eTHoMmeauuuHi B CximHiil A3ii yepe3 ix
VHIKaJbHUN (PITOXIMIUHMI CKJIad, OJHAK JIUIIE
Bun Chaenomeles sinensis 0ya0 3aCTOCOBAHO ISt
CHHTe3y HaHOYacTMHOK cpidma (Oh et al, 2018).
IHTpomyKoBaHi B CTEMOBOMY KJiMaTi pPOCIVMHU
Chaenomeles 1eMOHCTPYIOTh BUCOKMIA yMicT e-
HOJIbHUX CITOJIYK, SIKi MalOTh CWJIbHI aHTHMOKCH-
IaHTHI Ta BigHOBMOBaJIbHiI BiaacTuBocTi (Khro-
mykh et al, 2018; Lykholat et al, 2021), mo BKa-
3y€ Ha iX TOTEHUiMHY MPUIATHICTb K Oiosoriu-
HUX MaTpullb IJIs <«3eJeHOro» cuHtesy AgNPs.
OTxe, METOI AaHOi POOOTU OYJI0 HOCHiIKEHHS
BJIACTUBOCTEM CHMHTE30BaHMUX Ha OCHOBI Chaeno-
meles japonica HAHOYaCTMHOK cpibia Ta X KOH I0-
TaTiBi3 aHTMOIOTMKOM Ie(PTPHMAKCOHOM, a TaKOXK
MOpPIBHSAJIbHA OLIIHKA aKTUBHOCTI OiOCMHTE30Ba-
HUX HaHOMaTepiajiB MPOTU IMATOreHHOI OakTepii
P. aeruginosa.
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Marepianm Ta MeTOIU IOCTIIKeHHsA. Peacenmu.
B poGorti BukopucroByBanu cpibia Hirpar (AgNO,)
(«Sigma-Aldrich», CIIA, w4yucrora 99,9 %),
nedr-piakcon («HdapHuisg», YKpaiHa) Ta M SICO-
nentoHHuii arap (MITA) RM 1049 (HiMedia Lab-
oratories Pvt. Limited, Tunis).

IIpueomyeanus pocaunnoeo excmpakmy. JIucts
pocnuH Chaenomeles japonica (Thunb.) Lindl. ex
Spach. 30upanu B nepuiiit gekani TpaBus 2024 p.y
OoTaHiyHOMY caay JIHIMpOBCHKOIo HALliOHAJILHOTO
yHiBepcuteTy iMeHi Onecs [onuapa (48°26'7" N,
35°2'34" E, uinpo, Ykpaina). PocauHHuii Mma-
TepiaJl IIPOMUBAIN TUCTUIHOBAHOIO BOJOIO, BUCY-
LIyBaJM 3a KiIMHATHOI TeMmrepaTypud B TiHi, IMO-
nIpiOHIOBAIM y CTYILI Ta MPOCIIOBaIN KpPi3b CUTO
3 piameTpoM mop 2 MM. ani rotyBaiu BOAHUI
eKCTpakT, mis1 uporo 1,0 r mompiOHEHOTO poc-
JIMHHOTO MaTtepially IOMilllaJld B KOHIYHY KOJIOY
(o6’emom 100 mn), momaBanu 40 M AUCTUIILO-
BaHoi Boau, HarpiBaym g0 60 °C Ha BoAsHii GaHi
1 BUTPUMYBAJIM 3a TaKOi TeMIEpaTypyd BIIPOIOBXK
30 xB. Ilicist oXxoJOMKEHHSI i BiICTOMOBaHHS
BIIPOAOBXK BOX TOAWH €KCTPAKT (PiIbTPYBaIM Y-
pe3 mamnepoBuil (iBTp, MOTIM HEHTPUQYTYBAIU
15 xB ipu 12,000 rpm. OTpuMaHuii cyriepHaTaHT
(MaTpulsl) BUKOPUCTOBYBAIM JUISI TIOJAJIBIIIOTO
«3€JIECHOTO» CMHTE3y HaHOYaCTMHOK.

Cunmes AgNPs ma ompumanns KoH loeamis.
st oTpMaHHSI HAHOYAaCTMHOK Cpibjla Ha OCHO-
Bi Ch. japonica (Ch-AgNPs) pocimHHY MaTpuIIio
smityBanu 3 0,025 M BoaHum posunHom AgNO,
B npomnopuii 6:1 (3a 06’emoM). YtBOopeHHs Ch-
AgNPs cynpoBomXyBaaoch 3MiHOI KOJbOPY CY-
Millli Bif >XOBTOro A0 KOPWYHEBOTO, IO CIOC-
Tepiranm BizyanbHo. KoH’loraTui HaHOYAaCTMHOK
cpibna 3 uedrpuakcoHom (LePTpUaAKCOH-KOH 10-
roBaHi Ch-AgNPs, Ch-AgNPs-Cfx) orpumysa-
JIM 1IJISIXOM 3MIllyBaHHSIM POCIMHHOI MaTpUIli,
0,025 M AgNO, Ta BOIHOroO po34uHy LedTpraK-

cony (1 Mr/m) y mponopiii 6 : 1 : 1 (3a 06’eMoMm).
Jani oTpuMaHi HAHOYACTUHKHU i KOH’IOraTU O4YU-
1AM, JJI LBOTO iX 3MilllyBaju 3 JUCTUIHOBAHOIO
Bomoto (1 : 5, 3a o6’eMom) i HeHTpubyryBaau
15 xB npu 12,000 rpm, mporeaypy MOBTOPIOBAIN
yotupu pasu. OTpumaHuii ocaf, 1o MictuB Ch-
AgNPs abo Ch-AgNPs-Cfx, ananizyBaiu.
YD-6uouma cnexmpockonia. J1a MiaTBEpIKEH-
HSI CMHTE3y HaHOYACTMHOK Ta OTPUMMAHHS iX KO-
H’1oratiB BuMiptoBain Y®-BUaUMi CIIEKTPU poOC-
ymHHOI MaTpuili, Ch-AgNPsi Ch-AgNPs-Cfx. Aik-
BOTY BIiJIIOBIIHOIO 3pa3ka MOMILLAJIM B KBapLOBY
KIOBETY LIMPUHOIO 1 CM Ta CKaHyBaju B Jiara3o-
Hi moBXuH XBuJIb 400—800 HM, BUKOPHUCTOBYIOUN
cnektpoMerp StellarNet Silver Nova 25 BWI6.
Ingpauepeona (I9) cnekmpockonis 3 nepemeo-
pennam Dyp’e. IY-cnexkrpu Oyimu oTpuMaHi s
ineHTUdIKaLii (PYHKIIOHAIBHUX IPYIl POCIMHHOI
MaTpUli, IKi MOTJIM OpaTu y4acTb y CUHTE3i i cTa-
oimizanii Ch-AgNPs. ATR-FTIR cnekrpu otpu-
MYBaJd 3 BUKOPUCTAHHSM crekTpomeTpa Nico-
let iS10 («Thermo Scientific», CIIIA), moemgHa-
Horo 3 mpucrtaBkor Golden Gate («Specac»,
BenmukoOpuranist), B miama3oHi 4actor 3500—
500 cM™! mpy KiMHATHI TeMmepaTypi.
Mocnioncenuss anmubaxmepianoHoi aKmMueHOCMI.
AHtHnOaKkTepianbHa akTuBHICTL Ch-AgNPs i Ch-
AgNPs-Cfx, a TakoxX pocJMHHOI MaTpuli i Led-
TpUAKCOHY OyJia OlLliHeHa 3a JOIOMOIOI0 CTaHAApPT-
Horo auck-nudysHoro meroay (EUCAST, 2015).
Sk GakTepialbHy TECT-KYJIbTYPYy BUKOPHCTOBYBA-
mm Pseudomonas aeruginosa (utam B907) 3 Ko-
JIeKIii KyJbpTyp Kadeapu MikpoOiosorii, Bipyco-
Jjorii Ta OioTexHoJiorii JIHIIPOBCHLKOTO HAallio-
HaJibHOTO YHiBepcuTeTy imeHi Onecss ['oHuapa.
JI1s LbOro 3acTOCOBYBaM J00OOBY OakTepialbHy
KynbTypy 3 10° KYO mn!, gky BuciBamm Ha
cepenoBuiie MITA B uvamkax Iletpi. ITonepenHso
BU3HAYaIu CTilikicTh 1wramy P. aeruginosa B907

Tabauys 1. AktuBHicTh HedatocnopuniB npotu mramy P. aeruginosa B907

3oHa iHTiIOyBaHHS (MM) pocTty OakTepiii, n = 3, x = SD

edTpiakcoH edypokcum edenum

nedTidoyTeH nedTazuam 1e(DOKCUTUH

7,02 + 0,37° 10,32 + 0,73° HA

HA HA HA

Ipumimka. Pi3Hi JiTepn B psAKY BKa3ylOTh Ha CTATMCTMYHO 3HAUYIly pi3HUINIO 3a Kputepiem Dimepa (P < 0,05).

HA — Hemae akTUBHOCTI.
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M0 BiTHOUIEHHIO [0 Ipynu uedanocnopuHisB (-
JIAKTAMHMX aHTUOIOTHKIB, OaKTepUIMIHA i SKUX
3yMOBJIEHA TPUTHIYEHHSIM CUHTE3y KIITUHHOI
000JIOHKM MiKpOOPraHi3MiB) pi3HUX ITOKOJIiHb: 1Ie-
dypokcuMm, nedokcutrH (I1 mokoninHs), HedTpi-
akcoH, uedrtioyreH, uedrazuaum (I moxkosiHHS)
ta nedenum (IV nokoninus). KomepuiitHi aHTH-
0IOTMKM BUKOPUCTOBYBAIN Y BUTJISIAI CTEPUIBHUX
JIACKIB i3 mo3yBaHHsM 30 MKr/muck (Juck-Acmexr,
Vkpaina). Y uijomy, TecTH TMOKa3ajlu CJIa0OKy
e(beKTUBHICTh 11e(aJTOCTIOPMHOBUX aHTUOIOTUKIB
npotu mwraMmy P. aeruginosa (tadi. 1).

BpaxoBytouu iHridywouuii edexr uedrpuakco-
HY B 103i 30 MKI/IKUCK, Y MOJAJbIINX JOCTIIKEeH-
HSIX MaKCUMMaJlbHa /1032 PO3YMHIB, SIKi TECTYBaJH,
craHoBuaa 20 mkr/muck. CuHTe3oBaHi Hamu Ch-
AgNPs i Ch-AgNPs-Cfx (KoHueHTpalliss CTOKO-
BUX PO3UMHIB SIKMX Oyjia 10 MKr/MKJI) HAaHOCUIU
Ha IIalepoBi CTePWIbHI OMCKU, OTPUMYIOUM i-
HajabHi KoHueHtpanii 20, 10, 5 i 2,5 MKr/muck.
Jucky 3 HaHOYACTUHKaMHU, Le(PTPUaKCOHOM B
THX CaMHX KOHIIEHTpAIIisIX, a TAKOX 3 POCIUHHOIO
MAaTpPULICIO ITOMIlllaJId Ha IOBEPXHIO XKUBUJIBHOTO
cepenonuiua. Jani yamku Iletpi iHKyOyBanu npu
27 °C ynpoaoBx 24 roi, micjs 4Ooro BUMiproBan
30HM iHTIOYBaHHSI (MM) HaBKPYTHM IManepoBUX
JIMCKIB (He BpaxoBYIOUHM JdiamMeTp aucka). BincoTok
3pOCTAaHHSI 30HM 1HriOyBaHHS HAHOYACTUHKAMM
(I,) mopiBHsAHO 3 edekToM uLebTprakcony (I,)
pospaxoByBanu 3a ¢opmynoro: [(A, — I,)/H,] *
x 100 % (Hassan et al, 2016).

Cmamucmuunui ananiz. J1ocainkeHHS TTPOBO-
IWIN IIOHAWMEHIIE Y TPbOX ITOBTOPHOCTSIX, OT-
pUMaHi pe3yJbTaTy OINpallbOBYBAIM 3 BUKOPHUC-
TaHHSIM mnakeTy mnporpam Microsoft Excel XP
2007, maHi mpeacTaBiieHi SIK CepeaHE T CcTaH-
JaptHe BigxusieHHs (X = SD). Po306ixkHOCTI MixX ce-
peaHiMU 3HAYEHHSIMM, OLliHEHi 3a TecTaMu ThIOKi
i Dimepa 3 BUKOPUCTAHHSIM TIaKeTy IIporpam Stat-
graphics Centurion XV Version 15.1.02, BBaxxannch
CTaTUCTUYHO 3Hauywmmu npu P < 0.05.

PesyabTatn Ta obroBopenns. Hamu Bmepiie
3a JIOTIOMOIOIO0 <«3€JIEHOrO» CUHTE3y OTPUMaHO
HaHouyacTUHKU cpibna (Ch-AgNPs) Ta ix KoH’10-
rat 3 uedrpuakcoHom (Ch-AgNPs-Cfx) 3a Bu-
KOPUCTAaHHSI BOAHOIO eKCTpakTy Juctsa Ch. japo-
nica K 0i0oJIOTIYHOI MaTpulli. 3a OCTaHHiI POKHU
eKCTPaKTU 3 Pi3HUX YaCTUH POCIUH BUKOPUCTO-
BYBUIM $SIK OIiOJOTiYHI MaTpuili I OiOCHMHTE3y
HAHOYACTUHOK cpibna, BKmovaroun Juctd (Adil
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et al, 2023; Das et al, 2024), mogu (Oh et al,
2018), xBitTn (Sahana et al, 2014; Kargar et al,
2024), kopiHHg (Amina et al, 2020) i HaBiTh Ka-
mocu (Adil et al, 2019) pi3HUX BUAIB POCIMH.
YTBOpeHHST HAHOYACTUHOK Cpibjia Bi3yaJlbHO CITOC-
Tepirajim 3a 3MiHOIO KOJIbOPY peakuLiiiHOi cyMilli
Bil >KOBTOrO A0 KOPUYHEBOIO MPOTATOM OIHI€l
roIvHK iHKyOauii pocauHHol Marpuui 3 AgNO,
(puc. 1). Taka 3miHa BKa3yBaja, 110 OTpMMaHa Ha-
MU MaTpuls Ha ocHoBi Ch. japonica 37aTHa yc-
IMIIITHO BiZHOBJIIOBATU HiTpaT cpidia (Ag™) no (Ag).

HasBricts OiocuHTe30BaHnX Ch-AgNPs i ned-
TpuakcoH-KoH toroBaHux Ch-AgNPs y po3zumHax
OyJla MiaTBepAKeHa BiAMOBIAHMMMU IliKaMU MakK-
CUMYMIB TTONIMHAHHA Ha Y®-BUIAUMUX CHEKTpax
(puc. 2).

®opMyBaHHSI MeTajeBUX HAHOYACTMHOK ITif-
TBEPIKYETHCS 30YIKEHHSIM JIOKAJIi30BaHOIO IIO-
BEpPXHEBOIro TIja3MoHHOTo pe3oHaHcy (JITITIP),
SKAN Oa€ IMK TorMMHaHHA B Y®-BugmMomy
CIIEKTPi Ta IOBOAUTH HASIBHICTh HAHOYACTHHOK
(Hassan et al, 2016). ITix JIIIIIP nna Ch-AgNPs
OyB 3apeecTpoBaHUI MpPU JOBXKUHI XBUJi 475 HM,
tomi sk miK Ch-AgNPs-Cfx ipu 478 am. JITITIP y
pasi yrBopeHHs1 AgNPs 3’saBnsietbest Oing 420 HM
(Hossain et al, 2019), ogHak fioro To4yHe MOJO-
KEHHSI 3aJIeXXUTh Bim ngiameTrpa, (opMu Ta po3-
MOAily HAaHOYACTMHOK 3a po3Mipamu. Hampuk-
nan, OiocuHTe3 AgNPs Ha OCHOBI €KCTpakTiB
KBiTiB Cassia auriculata OyB MiOTBEpIKCHUI ITi-
kamu JITITIP B miamazoni Bim 403 mo 428 HM
(Sahana et al, 2014). ITix JIIIITP pu 420 HM OyB
3apeecTpoBaHuii st AgNPs, 0iocMHTe30BaHMX
3 exctpakty Daucus carota (Shanmuganathan et
al, 2018). Ilix JIIIITIP mpm 435 HM TmigTBepanuB
yTBOpeHHS AgNPSs 3 BUKOPUCTaHHSIM €KCTPaKTy
mucta Argyreia nervosa (Saratale et al, 2017).
®opmyBanHg AgNPs Ha OCHOBiI eKCTpakTy KO-
peHiB Lathraea squamaria 3acBiguus JIIIITP mpu
440 um (Dzhagan et al, 2022). «3ejeHuil» cUH-
te3 AgNPs Ha ocHOBI ekcTpakTy Juctst Duabanga
grandiflora 0yB nigTBepmkeHuit mikom JIIIIIP mpu
453 M (Das et al, 2024). YTBopeHHsT AgNPs,
oIocepenKoBaHe eKCTPaKTOM Aconitum lycoctonum,
oyno minrBepmkeHo mikoM JIIIIIP mpu 460 HMm
(Khan et al, 2023), i Hapewri, mik JITIIIP npu
477 am manu AgNPs, oTpuMaHi 3a BUKOpUCTaHHS
ekcTtpakty minofiB Ch. sinensis (Oh et al, 2018). Ta-
KUM YMHOM, TTIOBEPXHEBUI TNIA3MOHHUI PE30HAHC
npu 475 HMm, 3apeectpoBaHuii 1st Ch-AgNPs, 3Ha-
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XOJUTbCS B Mexkax 1mpokoro giarazony JIIIIP,
MOBiIOMJIEHOIO0 iHIIMMM aBTOpaMM, i 3acBiguye
YCHILIHICTh TPOLECY CUHTE3a HAHOYAaCTUMHOK
cpibna ¢iTocnoaykaMu, NPUCYTHIMU B €KCTPAKTI
mucts Ch. japonica.

ITix JITIITP nedrprakcoH-koH roroBaHux Ch-
AgNPs 0yB 3acdikcoBanuii ipu 478 um. Ilomio-
Huit 3cyB Makcumymy JITITIP y 6ik OGiabluoi
JOBXWHU XBUJII crocTepiraBcst B Y®D-BuamMux
cnekrpax AgNPs (414 um) i munpodrokcalnH-
KoH’roroBaHux AgNPs (419 HM), oTpuMaHUX 3
ekctpakty Fagonia indica (Adil et al, 2019), 1o
aBTOPU TIOSICHIOIOTH YYacTIO aHTMOIOTMKA B Bin-
HOBJIIOBaHUX TMpoliecax. [IpoTunexxHuit Hampsm
3cyBy Makcumymy JIIITIP Busgsnenuit y pasi
AgNPs (438 um) i nedrtpuakcoH-AgNPs (426 HM),
CUHTE30BaHUX 3a BUKOPUCTAHHS €KCTPAKTY JIUCTS
Mentha longifolia (Adil et al, 2023). ITndpauepso-
Ha CIIEKTPOCKOIIig 3 neperBopeHHsIM Dyp’e Boa-
HOTO eKcTpakTy Jmcts Ch. japonica TioKa3aja Haii-
oinb cmyru mpu 3300, 2932, 1691, 1601, 1516,
1372, 1266, 1172, 1033, 810, Ta 605 cm~! (puc. 3).

Iupoka cmyra npu 3300 cm! Bigmosimae
BJIEHTHUM KOJIMBAHHSIM (DYHKIIOHAIBHOI Tpy-
nu OH— i BKasdye Ha MNPUCYTHICTb B €KCTPaKTIi
(eHONbHUX croJyK, (DJABOHOIMIB i TpUTEPIEHO-
imiB (Reddy et al, 2021; Adil et al, 2023). Ilik B
obnacti 2932 cm! mop’si3aHuit 3 C—H acumer-
PUYHUM PO3TATYBAHHSIM apoMaTUYHUX abo amida-
TUYHMX JIAHLIOTIB, Tomi K cMyra mpu 1073 cm™!
BKa3ye Ha BajieHTHi KojquBaHHsg C—O B cnuprax,
npocTux edipax, KapOOHOBUX KUCIOTAaX 1 aHTid-
punax (Hassan et al, 2016). Cmyry nipu 1691 cm™!
MOXHa BiIHeCTU A0 KapOoHinbHOI rpymu C=0
ta C—N Tpynu amimiB, a HasgBHICTb ITIKy IIpU
1155 cM™!' NOSICHIOEThCS PO3TSATYBAHHSM TPYII
C—0—C (Adil et al, 2023). ITix mpu 1601 cm™!
Bignosigae po3tsaryBaHHio C=C B apoMaTUUYHOMY
kimbli ¢maBoHoimiB (Reddy et al, 2014; Singh,
Mijakovic, 2022). Cmyra npu 1516 cm™! nos’s13a-
Ha 3 HAasBHICTIO HITPOTPYIl Y CIIOJyKaxX, TOMIi
gK mik npu 1266 cMm™! BiAmoBiga€ 3rMHAIbLHOMY
kommBaHHIO 3B’s13KiB O—H (Adil et al, 2019). Cmyra
B obOmacti 1372 cM™! MOSICHIOETHCA BaJICHTHUMU
C—N konuBaHHSIMU apoMaTuyHux amiHiB (Reddy et
al, 2021). ITix ipu 1038 cM™! MOSICHIOETBCST PO3-
taryBaHHssM C—OH B cnuprax, Tomi sk cmyra
npu 810 cm! Bigmosigae konuBaHHsaM C—H apo-
matnuHux Kineub (Hossain et al, 2019) y cmoiy-
Kax, 1110 MiCTIThCs B eKcTpakTi aucts Ch. japonica.
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Puc. 1. 3miHa KOJbOPY PO3YMHY BHACIIZOK YTBOPEHHS
HaHO4YacTUHOK cpibna: (1) ekcrpakt aucts Ch. japonica,
(2) Ch-AgNPs, (3) Ch-AgNPs-Cfx

ExcTpakr
—— AgNPs
—— AgNPs — lledprpiakcon

IHTEHCUBHICTB, YM. OII.

400 500 600

JloBXX1HaA XBUJIi, HM

Puc. 2. YO-Bumnmi criektpu Ch-AgNPs i Ch-AgNPs-
Cfx mropiBHSIHO 3 eKcTpakToM Jiuctst Ch. japonica

700

IY-cniextp OiocuHTe3oBaHux Ch-AgNPs maB
nomiTHi cmyru nipu 3270 cm~! (OH— monideno-
niB), 2920 cm! (C—H ankaniB), 1646 cm™!
(C=0 1a C—N rpymu), 1538 cm™!' (HiTpOrpymnu),
1448 cm!' (C—N awmimiB), 1238 cm!' (O—H),
1028 cm™!' (C—OH crnwmpriB). BkazaHi miku xa-
PaKTEPU3YIOThCS 3MIllIEHUM XBWILOBUM YMCJIOM
1 3HAYHO MEHILOK iHTEeHCHBHICTIO ITOPIBHSHO 3
IY-criekTpoM pOCIMHHOIO ekcTpakty. Kpim To-
ro, B I4Y-cnexkrpi Ch-AgNPs Oynu BincyTHi mesiki
CMyIM, HasgBHi B ekcTpakTi, a came 1601 cm™!
(cbnaBonoinm), 1372 cm™' (aminm GinkiB), 1172 cm™!
(crtuptn), 810 cm!' (apomaTtwuHi croinyku). I
3CYB, i 3MEHILIEHHSI IHTEHCUBHOCTI CMYT CBiT4yaTb
MNpO ydyacTh BiAMOBIAHMX CHOJAYK Yy CHUHTE3i Ta
crabinizailii HaHo4yacTMHOK cpibsa (Kathiravan
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et al, 2014; Reddy et al, 2021). 3 orisamy Ha
OTpUMaHi pe3yiIbTaTh MOXHAa 3pOOUTH BUCHOBOK,
110 HaWOINBIINI BHECOK y BiZHOBJIEHHS Ag' 10
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Ag" Ta 3abe3nevyeHHs1 yrBopeHHsT Ch-AgNPs BHec-
a1 (GeHOJIbHI Ta TEePIIEHOBI CIIOJYKHU, (PIaBOHO-
io4, cOouMpTtv, KapOOHOBI KHMCJIOTM Ta apoma-
TUYHI CIIOJYKM eKCTpakTy juctsa Ch. japonica.
DyHKIIIOHAIBHI TPYIU POCIMHHUX OiIKiB (Kap-
OOHINBbHI TPyNM Ta aMiau), sKi 3B’SI3yIOThCS 3
MOBEPXHEI0 HAHOYACTUMHOK 1 3arobiraioTh iX ar-
perauii (Amina et al, 2020), iMOBipHO MO/
OyTU BiAMOBiZaJIbHMMU 3a CTaOLTi3allil0o CUHTE30-
BaHux Ch-AgNPs. Otxe, pesyabratu aHamizy I4-
CHeKTpiB eKcTpakTy aucts Ch. japonica ta 06io-
cuHre3oBaHux Ch-AgNPs 30iranucst 3 maHUMU
(Adil et al, 2019; Reddy et al, 2021; Adil et al,
2023), o mojideHoan 0epyTh y4acTb y IIpOLIeCi
BiTHOBJIEHHS, TOAi SIK OIJKM HOiIOTh SIK OJIOKYIOUi
areHTu Ta 3a0e3MeYyloTh CTaOUIBbHICTh YTBOPEHUX
HAHOYAaCTUHOK.

B IY-cnmexktpi Ch-AgNPs, koH’toroBaHux 3
nedTpuakcoHoM (puc. 4, a), Oyau BUSIBIIEHI AesKi
CMYTH, BIICYTHI B CHEKTpax POCIWUHHOI MaTpWHIli
ta Ch-AgNPs, 1110 CBiTYUTH MPO HASIBHICTH (PYHK-
HiOHAJIBLHUX TPYI Le(TpUakCoHy y HUX (puc. 4, 0).

IMixn ipm 1711 i 1737 cm™!, BignosigHo B 1Y-
crnektpax Ch-AgNPs-Cfx i nedrpnakcoHy, Biamo-
BiZlalOTh KOJMBaHHIO PO3Tsikku C=0 [-n1akraMm-
HOTO Kimblg, a miku mpu 1202 cm™!' (y cmekrpi
Ch-AgNPs-Cfx) i 1184 cm ' (y cnekrpi ued-
TPUAKCOHY) MOKHA BiJHECTU [0 PO3TITYBaHHS
C—N awminiB (Adil et al, 2023). Cmyru nipu 1429
i 1499 cm™!, BussieHi B crekrpax Ch-AgNPs-
Cfx i uedTpuakCcoHy, BIAITOBIIHO, MOXYTb OyTH
noB’s3aHi 3 posrgaryBaHHsam C—O awminiB, C=C
o6en3ony i C=0 ketoHiB (Al-Zahrani et al, 2021).
CrnocrepexXyBaHi 3CyBU CMYT TIOTJIMHAHHS, 3TigTHO
3 (Adil et al, 2023), miaTBepIKYIOTh KOH IOTallilo
(GYHKIIOHAILHUX TPYIT MOJIEKYJ 1e(pTPUAKCOHY 3
HaHOYaCTMHKaMMU cpibJa.

Tectn Ha pe3ucteHTHiCTh P. aeruginosa B907
10 1uedaaoCropuHiB TMoKa3aau, 110 jJulle ued-
TPUAKCOH i LIe(pypOKCUM BUSIBUJIU MOMITHY aHTH-
OakTepiaJibHy [Mil0 MPOTU WbOro Iramy. Bcra-
HOBJIEHA Y AOCJiIKeHHI HU3bKa YyTJIUBICThL P. ae-
ruginosa 10 1IMPOKO BUKOPUCTOBYBAHMX Liedanao-
cnopuHiB II — IV mnokosdiHb Y3romXyeThCcs 3
nmannmu (Breidenstein et al, 2011), 110 1eif yMOBHO-
MaTOreHHUI MiKpOOpraHi3M BUSIBIISIE CTilKiCTb
o 0araThOX KJIAaciB aHTMOIOTHKIB, TaKUX SIK Oe-
Ta-JJakTaMu, (TOPXiHOJOHW Ta aMiHOTJIIKO3UIU.
CrilikicTh 0akTepili 10 aHTUOIOTUKIB Ma€ CKIIamHI
Ta pi3HOMaHiTHI MexaHi3mu (Ghai, 2024), oguH
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Puc. 5. AutubaxkrepiasibHa aKTUBHICTh (@) ekctpakty nuctsa Ch. japonica, (6) Ch-AgNPs, (8) Ch-AgNPs-Cfx, ()
nedTprakcoHy npotu P. aeruginosa 'y mosax 2,5 mxr/muck (cexuii 1, 5, 9 i 13), 5 mxr/muck (cexuii 2, 6, 10 i 14),
10 Mkr/muck (cexuii 3, 7, 111 15) i 20 mxr/auck (cekuii 4, 8, 12 i 16)

13 SIKMX peaNli3y€eThCS IUISIXOM PO3KJIaJaHHS aH-
TUOIOTUKIB OakTepialbHUMU (EepMEeHTaMU, 30-
KpeMa B-jakrtaMazaMu pO3IIUMPEHOTO CHEeKTPY Jil.
Haii6inbm KJIiHIYHO 3HAYYLIUM (EPMEHTOM LIbO-
ro kiacy € uedanocnoprtaza AmpC, HasBHaA B
Tomy uucii B P. aeruginosa (Munita, Arias, 2016).
MoxuBo, caMe 3 1€l NPUYMHU JAesIKi TOCIIiIHU-
ku (Harshiny et al, 2015) BuzHaumau uedrpuak-
COH gK aHTHUOIOTHMK i3 IIMPOKUM CITEKTPOM il
MPOTU TPAMITO3UTUBHUX i TpaMHETaTUBHMUX OaK-
Tepiii, ajne HeepeKTUBHUI NpoTU P. aeruginosa.

V muck-mudysiitnnx aHamizax BB Ch-AgNP i
Ch-AgNPs-Cfx, a Takox edekT uedTpruakcoHy Ha
piCT KOJIOHI P. aeruginosa MaJlu H030-3aJ€XKHUNA
XapakTep, TOAi sK eKkcTpakT jauctsa Ch. japonica
HEe MaB aHTMOaKTepiaJabHOI mii (puc. 5).

30HU MOpUTHiIYeHHSI pocTy P. aeruginosa, BU-
3Ha4eHi B giamaszoHi 3,95 — 6,50 mMm 3a nii Ch-
AgNPs, a TakoxX 30HM iHTIOYBaHHSI B Jiara3oHi
4,50—8,95 MM 3a mii Ch-AgNPs-Cfx (B mozax
2,5—20 MKr/mMcK, BiANIOBIZHO) TIEPEBUIIYBAIU
iHriOyounii eekr ueTpUakKCOHY B aHAIOTIYHUX
no3ax (tabn. 2).

Habmxeny 3oHy iHriOyBanHs (8,33 =+
+ 1,53 MM) pocty My3eilHoro wmrtamy P. aerugi-
nosa crocTepirajyd Tpu TecTyBaHHI HAHOYaCTU-
HOK cpibjia, OiOCMHTE30BaHMX Ha OCHOBi 0ak-
tepianbHOro izonary (Hassan et al, 2016). 3oHu
iHriOyBaHHSI KIIiHIYHOTO ITamMy P. aeruginosa B
niama3oHi 7,5—12,2 MM OyJIM OOCSATHYTI 3a BIUIUBY
OioreHHnx AgNPs, KOHIIEHTpallis SKUX BapitoBajia
Bim 5,0 mo 20,0 mkr/mn (Gopinath et al, 2017).
i HaHOYACTUHOK cpibjla, GIOCMHTE30BaHUX 3a
BUKOPUCTAHHS €KCTpakTy JMUcTa Mentha longifo-
lia, pu3BOAMIIA IO TIOSIBU 30H iHTiIOYBaHHS P. ae-
ruginosa Ha piBHi 8,57 MM (Adil et al, 2023), Toni,
aK AgNPs, 6iocuHTe30BaHi 32 BUKOPUCTAHHS €KC-
TpakTy ToaiB Chaenomeles sinensis, TIPOSIBUIN
JI030-3aJIeKHY aKTUBHICTh Y miara3oHi Bim 15 mo
45 mxr/muck npotu E. coli ta S. aureus (Oh et
al, 2018).

IlocuneHe iHrioyBaHHs pocty P. aeruginosa,
npoaemMoHcTpoBaHe Ch-AgNPs, Morino Oytu pe-
3yJbTATOM JIEKiJIbKOX CIOCO0OiB aHTUOAKTepiaib-
HOI J1i1 HaHOYaCTUMHOK cpibyia. Hanpuknan, Bigzoma
3naTHicTb AgNPs 3B’s3yBaTuCh 3 IMOBEPXHEIO 0aK-

Tabauys 2. AutuoakTepianbia edpekruBHicT Ch-AgNPs, Ch-AgNPs-Cfx i nedprpuakcony nporu P. aeruginosa

JocimkyBamit 3oHa iHri0oyBaHHS (MM) pocTy GakTepiit n = 3, x = SD [MpupicT aKTHBHOCTI Bix-
HaHoMarepia/ HOCHO Jiii 11e(TpUaKCOHY
aHTHOIOTHK 2,5 MKT/oucK 5 MKT/muck 10 MKr/mnuck 20 MKT/oucK B BULTIOBIHIIT 1031, %
Ch-AgNPs 3,95 +£ 0,152 5,40 &+ 0,34 5,77 £ 0,220 6,50 + 0,45¢ 70,35; 36,09; 12,07
Ch-AgNPs-Cfx 4,50 £ 0,262 5,21 £ 0,28 7,44 + 0,35¢ 8,95 + 0,29¢ 64,35; 75,47; 54,31
LedTtpuakcon HA 3,17 £ 0,24 4,24 + 0,16 5,80 £ 0,21 -

ITlpumimia. Pi3Hi niTepu B psiAKY BKa3ylOTh HAa CTaTUCTMYHO 3HAUylly pidHUILIO 3a KpuTepiem Thioki (P < 0,05).
HA — Hemae aKTHMBHOCTI.
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TePIUTbHUX KIITUH | BUBIIBHATU 10HU Cpidna,
30iJbIIYIOYM TaKUMM YUHOM TIPOHUKHICTh LIMTO-
TJ1a3MaTUYHOT MeMOpaHH i MOPYILIYIOYU BHYTPIll-
HBOKJIITUHHI KOMIIOHEHTH, IO IIOCUJIIOE aHTHU-
MikpooHuit epexr (Ewunkem et al, 2023). Kpim
TOTO, TIPUEIHABIIMCH JIO TIOBEpPXHi OakTepiii,
AgNPs MOXyTb HAKONMWYYyBaTUCh B KIITHMHHIMI
CTiHLi, IO B MNOAAJbIIOMY MPU3BOAUTH OO ii
pyitnyBaHHs (Yin et al, 2020). Ycepenuni Oaxkre-
pialbHUX KJIITUH HAHOYACTUHKM Cpibja B3aEMO-
niroth i3 JHK i Buknukaiors ii ¢pparmeHTalliio 3
HACTYIHOIO BTPATOIO 3MaTHOCTI A0 perulikallii; 10
Toro X, mpuenHaHHI AgNPs mo GaxrepiaabHUX
€H3MMiB CHPUUYMHIOE 1X iHAKTUBALLilO, 11O IIO-
pylIye XUTTeMisUIbHICTL OakTepiii (Reddy et al,
2021). IlinTBepmXeHi pe3yabTaTaMM CKaHYIOUOi
€JIEKTPOHHOI MIiKPOCKOITil HACHiIKNW PYHHIBHOTO
BrumMBY AgNPs, GiOCMHTE30BaHMX Ha OCHOBI €KC-
TPaKTy IUIOAIB TOPOOMHM, TMOKA3aJIu IOBHICTIO
BKPUTI HAHOYACTMHKAMU OaKTepialibHI KIITUHU
P. aeruginosa 3 mopylieHUMM MeMOpaHaMM, 1O
MPU3BOAMJIO B TOAQIBIIOMY A0 J3UCY KJITUH
(Singh, Mijakovic, 2022).

BcranoBnene y Hamiii poOOTi iHTIOyBaHHS
pocty P. aeruginosa 1edpTpUaKCOH-KOH IOroBa-
HUMM HAHOYACTMHKAMU TIEPEBUIIYBAJIO B Cepel-
HboMy Ha 13,5 % edekt Ch-AgNPs y maiixe Bcix
JMOCTIIKYBAaHUX J103aX (32 BUKJIIOUYEHHSIM 5 MKT/
JIMCK), 110 BKa3y€ Ha TMOCWJICHHS iX aHTHMOaKTe-
piaJIbHOI aKTMBHOCTI BHACJiZOK KOMOIHOBAHOI Ail
HAHOYACTUHOK cpibia Ta aHTubioTnka. OTpuMaHi
pe3yabTaTu cliBnagaloTh 3 maHuMu (Adil et al,
2019) momo 3poctanHs Ha 13,2 % 30HM iHTIOY-
BaHHSI pocTy FE. coli BHacminmok pii mumpogok-
calMH-KOH toroBaHux AgNPs y MOpiBHSIHHI 3 ehek-
TOM He KoH’1oroBaHux AgNPs, cuHTe30BaHUX Ha
OCHOBI eKCTpaKTy Kanocy Fagonia indica. lledTpu-
akcoH-KoH’toroBaHi AgNPs, 0OiocuHTe30BaHi 3a
JIOTIOMOTO010 eKCTpakTy Daucus carota, mokaszaiu
B 1,3 pa3u Bully iHTiIOYIOUy aKTMBHICTb TIPOTH pe-
3UCTEHTHOI 10 1eTpuakcoHy P. aeruginosa, Hix
He KoH’'roroBaHi AgNPs (Shanmuganathan et al,
2018). Tlomi6bHi pesynabratu BuIoro B 1,6 pasu
iHrioyBaHHs1 P. aeruginosa nedTpUaKCOH-KOH 10-
ropaHuMu AgNPs y OpiBHSIHHI 3 aKTUBHICTIO HE
KoH’roroBaHux AgNPs, 6iocHTe30BaHMX 3a BUKO-
puctaHHs ekctpakty M. longifolia, Oynau ouiHeHi
K cuHepriunuii edpekt (Adil et al, 2023). Hero-
JIaBHO OYyJI0 MPOJEMOHCTPOBAHO, 1110 HaHOYac-
TUHKU cpibja, CMHTE30BaHi HA OCHOBi €KCTPAKTiB
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Moringa oleifera ta Curcuma longa, TpOSIBIASLIIN
MEHIIYy aHTHOaKTepaJibHy aKTMBHICTb MO BiZHO-
mieHHIO 1o E. coli i S. aureus, HixX mnOmiOHI
HAHOYACTMHKN, KOHIOTOBaHi 3 aHTUOIOTMKaMu
nunpodokcaunH i nesodaokcanud (U Din et
al, 2024) .

HageneHni Buue nmaHi MiATBEpIKYIOTh 30aT-
HiCTb OiIOCMHTE30BaHMX HAHOYACTMHOK Cpibja mo-
CWJIIOBATU aHTUOAKTepiaJbHY €(eKTUBHICTh aHTU-
0iOTHKIB, BKJIIOUHO 3 TUMHU, 10 SIKUX IIaTOTeHU
PO3BWIM PE3UCTEHTHICTh. OMHUM i3 ILUIAXiB HO-
CATHEHHS TMOAIOHOro pe3yabTraty B pasi [-iak-
TaMHMX aHTUOIOTUKIB MOXe OYTM iHTiOyBaHHS
HaHOYACTMHKAaMU cpidja OGakTepiaJbHUX TiApOJIi-
THYHUX P-1akramas (Smekalova et al, 2016). Coin
3a3HAYUTH, 110 B HAIOMY JOCHiIKeHHi sk Ch-
AgNPs, TakinedrpuakcoH-koH 1oroBaHi Ch-AgNPs,
JOCSTaJM 3HAYHIIIOTO TIePeBUILCHHS aHTHOAKTE-
pianbHOrOo edekTy HedTpUakCoHy IpPU Malux i
cepenHix mo3zax (5,0 ta 10,0 MKr/muck), 110 BKa-
3y€ Ha MEepPCIeKTUBHICTh 3aCTOCYBAaHHSI 000X 0io-
CHHTE30BaHMX HaHOMAaTepialiB [UIsT 3HIDKECHHST 103
aHTUOIOTUKIB 0€3 BTpaTW aKTMBHOCTI MPOTU pe-
3UCTEHTHOTO WTamy P. aeruginosa. HeoOxigHi mo-
Janblli JOCHIIXKEHHS I 3’SICyBaHHS CIEKTpY
aHTUMIKPOOHOI aKTUBHOCTI OiocuHTe30BaHUX Ch-
AgNPs i Ch-AgNPs-Cfx ta g5 oiHKM e(peKTUB-
HocTi Ko’ torawii Ch-AgNPs 3 iHIIMMM aHTHOiO-
THUKaMU MPOTU Pe3UCTEHTHUX MaTOr€HHUX IITaMiB.

Takum ynMHOM, BrieplIE 3AiIACHEHO «3€JICHUIN»
CHMHTE3 HaHOYaCTUHOK cpibia (Ch-AgNPs) i meprpu-
aKCOH-KOH I0OrOBaHUX HaHOYacTUHOK cpibna (Ch-
AgNPs-Cfx) 3a BUKOpHCTaHHS BOITHOTO €KCTpaK-
1y quctsa Ch. japonica, SIK POCIAMHHOI MaTpPUILIi.
YrBopeHHst Ch-AgNPs i Ch-AgNPs-Cfx minTBeps-
XKYBaJl Bi3yaJIbHO 3a 3MiHOIO KOJIbOPY PO3YUHY
Ta 3a MiKaMM TTOBEPXHEBOTO IJIa3MOHHOTO Pe30-
HaHcy Ha Y®-BUIMMUX CHEKTpaX, BiIITOBIIHO ITPpH
475 i 478 um. IlopiBHsibHUM aHami3 [Y-crnekTpiBs
biocuHTe3oBaHux Ch-AgNPs Ta poclIMHHOI MaT-
pULIi 1a€ MOXJIMBICTh MPUMYCKATH, 110 POCIUHHI
MeTaloJIiT 3ajJlydeHi JO0 CUHTe3y i cTalimizallii
HAHOYACTMHOK cpibna. Haiibirpmmii BHECOK Yy
BiZHOBJIEHHs iOHIB cpibma Ta dopmyBaHHs Ch-
AgNPs HaiiBiropigHiiiie 3po0uay TiIpoKCUIbHI Ta
KapOOKCHIbHI (DYHKIIIOHAJIbHI TPYyIU (DEHOJbHUX,
TEPIEHOBUX 1 apoOMaTUYHUX CIOJYK, (IaBoHO-
iIiB, COUPTIB i KapOOKCUJIBbHUX KUCJIOT, TOAi SIK
crabimizamito Ch-AgNPs Morimm 3abe3neuyBaTu
KapOOHiJIbHI Ta aMiHHi rpynu OiJIKiB, MPUCYTHI B
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exctpakTi Ch. japonica. IY-cniekTp e TpUaKCOH-
KoH’1oroBaHux Ch-AgNPs micTuB cMyru, BiacyT-
Hi B CHEKTpaXx POCIMHHOTO eKcTpakTty Ta Ch-
AgNPs, BKa3zyloun Ha iX MOXOIXKEHHS Bim (pyHK-
LIIOHAJTBLHUX TPYII LIeTpUaKCOHY. 30Kpema, MosiBa
CMyTH, 11O BIAIOBIZA€E BAJEHTHMM KOJIMBAHHSIM
KapOOHIJIbHOI TPYNU [-JIaKTAMHOTO Kbl B MO-
JIEKYJTi 1IepTPUAKCOHY, ITiATBepaIa KOH IoraIliio
(PYHKIIOHAJIbHOI TIPyIM aHTHOIOTMKA 3 0iOCHH-
Te30BaHMMM HAaHOYACTMHKAMM cpibyia. AHTMOAK-
TepiaabHa akTuBHICTE Ch-AgNPs i Ch-AgNPs-Cfx
MPOTH CTIMKOro A0 Oaratbox 1eaJloCIOpUHiB
wramy P. aeruginosa, mociimkeHa IUCK-IUPY3-
HUM METOIOM, MaJjla J030-3aJIeKHUI XapaKTep y
nianasoHi 2,5—20 mxr/nuck. IlinBuileHHsS aHTHU-
OakTepiajbHOI i1 BiIMTHOCHO e(eKTy Le(TPUAKCOHY
cranoswio 12—70 % mna Ch-AgNPs ta 54— 4 %
y pa3i BukopuctanHsa Ch-AgNPs-Cfx. ITocunena
aHTuOakTepiasibHa akTUBHICTL Ch-AgNPs i Ch-
AgNPs-Cfx, mocsrayra 3a HeBUCOKUX 103 (5,0 Ta
10,0 MKr/mMcK), miaTBepAua MpUAATHICTH 000X
0iOCMHTE30BaHMX HAaHOMAaTepiaaiB AIsl MOAATbILIOT
PO3pOOKU 3aCO0iB KOHTPOJIIO CTIMKUX OakTepiaib-
HUX IITaMiB i3 3aCTOCYBAaHHSIM HU3bKMX J03 aHTH-
0iOTHKIB, IO MOXE IPU3BECTH 10 3MEHILICHHS
PO3BUTKY aHTUOIOTUKOPE3UCTEHTHOCTI MaTOreHiB.

Jlompumanns cmandapmie 6Gioemuxu. 1151 ctaTTs He
MICTUTh XOJHUX JOCHIIXEHb 3 BUKOPUCTAHHSIM
JIIofAeH i TBapMH SIK 00 €KTIB.
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Biosynthesized metal nanoparticles have unique
properties and are being actively studied as potential
antimicrobial agents against resistant pathogens. Here
we report for the first time the “green” synthesis
of silver nanoparticles and their conjugate with the
antibiotic ceftriaxone, carried out using the aqueous
extract of Chaenomeles japonica leaves as a biological
matrix. UV-visible spectra confirmed the creation of
biosynthesized silver nanoparticles (Ch-AgNPs) and
their conjugates with ceftriaxone (Ch-AgNPs-Cfx),
which were characterized by surface plasmon resonance
absorption peaks at 475 nm and 478 nm, respectively.
Fourier transform infrared spectrum analysis revealed
the participation of hydroxyl and carboxyl functional
groups of phenolic and aromatic compounds, flavonoids,
terpenoids, alcohols, and carboxylic acids of the plant
extract in the process of bioreduction of Ag' to Ag’,
as well as the involvement of carbonyl and amine
groups of proteins in blocking and stabilization silver
nanoparticles. The antimicrobial activity of Ch-AgNPs,
Ch-AgNPs-Cfx and ceftriaxone was evaluated using
a disk diffusion assay against Pseudomonas aeruginosa
strain resistant to some cephalosporins. Studies have
shown a dose-dependent inhibition of P. aeruginosa by
Ch-AgNPs and Ch-AgNPs-Cfx in the range of 2.5—
20 upg/disk, which exceeded the activity of ceftriaxone
at the same doses, which characterizes both types of
biosynthesized nanoparticles as promising bactericidal
agents. Further research on Ch-AgNPs and Ch-AgNPs-
Cfx may be aimed at creating effective means to reduce
the antibiotic doses without losing antibacterial activity
against resistant pathogens.
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