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Cunme3sosani KOHYeHMPOBaHi KONOIOHI po3uunu cpibna, cmabinizoeani Yyumpam-aHioHamu,
AKi 00HOHACHO 3abe3neyyioms 3a008iNbHY cmabini3ayilo KoaoiOHUx po3uuHie cpiona i €
HemokcuyHumu. J{ocniodceno aHmumikpooHy 0ilo0 CUHME308aHUX HAHOYACMUHOK cpibaa.
Hanouacmunku cpiona (AgNPs) cunmesyeanu 3a peakyicio gionosnenns AgNOs eciopasurom
V ayacHomy cepedoguwyi 6 npucymuocmi yumpamy nampito. Ompumani posuunu AgNPs
00CiONHCEHT 3 BUKOPUCAHHAM MPAHCMICIUHOT eleKmpOHHOI MIKDOCKONIi ma cnekmpocKonii
6 Y®D-suoumomy dianazoni. 3’sacoearo, wo ompumani AgNPs € 30ebinvuioco Kynrenodionumu
3 posmipom 14 + 5 nm. Pospaxoeani 3a xapaxmepucmuxamu cmyeu NOSTUHAHHA 3HAYEHHS
cepednvbozo diamempa i nonioucnepcrocmi AGNPs 000pe y32003tcyiombca 3 pe3ynomamamu
ananizy TEM-mikpockonii i cmanosename 15 i 3 um, 6ionosiono. JJocnioxcena aHmumix-
pobua akmueHicmb OMPUMAHO20 KOHYEHMPOBAHO20 307110 CIMOCOBHO 060X MECMOBUX
mixpoopeanizmie Escherichia coli ma Bacillus subtilis. Busaseneno, wo ompumanuii
npenapam 6UABNAE BUCOKY AHMUMIKPOOHY aKMUSHiCMb HABIMb 3a HU3bKoi (25 me/n)
xonyenmpayii AgNPs. Boououac eio3uauena Oewjo uwya ammumikpoOHA aKmueHicmb
OMpuUMano20 npenapamy CMoOco8HO 2pam-necamusHux oaxmepii Escherichia coli
NopieHANO 3 epam-nosumusHumu bakmepiamvu Bacillus subtilis.

Knouoei cnosa: nanouacmunku cpibna, cunmes, aHmumMikpoOHa akmueHicmb.

BCTYII

[[Ilupoke BUKOPUCTAHHS CHHTCTUYHUX AHTHUMIKPOOHHX MpEHapaTiB MPHU3BOJUTH IO
PO3BUTKY aHTHOIOTHMYHOI PE3WCTEHTHOCTI IMATOTEHHWUX IITaMiB MiKpOOPTaHi3MiB.
CpOro/iHI BEIUKY 3alliKaBICHICTh B JOCHIJHHUKIB BHKJIMKAIOTH IMpEMapaTd Ha OCHOBI
HaHOYACTUHOK MeETaliB, 30KpeMa cpiOia i Mifi, sIKi BOJOIIIOTH aHTHOAKTEpiaJbHOIO,
MPOTUTPUOKOBOIO Ta MPOTUBIPYCHOIO aKTHBHOCTSAMHU [1—5]. AHTHMIKpOOHI BJIIACTHBOCTI
KoJI0igHOTO cpibya Bimomi me 3 XIX CT., OqHAK TUTBKH BIPOAOBK OCTaHHIX MECATHPIY
MOCTAJIO MUTAHHS MPO HOro MHUpOKe 3acTocyBaHHs. JJ0BeAeHO, 0 HAHOPO3MIpHE CPi0IIO
BOMBae TepeBaKHY OUTBIIICTh BIJOMHX IATOTEHHUX OakTepidd, rpuOKiB Ta BipyciB i €
OUThII AKTHMBHHUM, HiXK OUTBIIICTB cydacHuX aHTHOIOTHKIB [6—10]. Takox Bimomo, mo
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BipyCHa PE3UCTEHTHICTh JO HAHOCPiOJia pPO3BHBAETHCA MOBUIBHINIE, HIK J0 IHIIHX
NPOTUBIPYCHUX JIIKapChbKUX 3aco0iB. Lle mosicHIOETBCS, 30KpeMa, MYJIbTHBAICHTHICTIO
9y 0araTOrpaHHICTIO B3a€MOJil HAHOCTPYKTYp 3 KOMIIOHEHTaMH IOBEPXHi BipyCiB i
penienitopamu 6ioMeMOpaHH, 10 MPHU3BOIAUTH IO 3am00iraHHs MPOHUKHCHHIO 30yIHUKA
y xmituHy [11]. 3aBasgku MM BIaCTUBOCTSAM HaHOYACTHHKH cpibma (AgNPs) xapakrepu-
3YIOThCSI JOBOJII IIMPOKUM 1 PI3HOMAHITHHM CIIEKTPOM 3aCTOCYBaHHS, 30KpeMa HaHO-
cpibyo sk ne3iHPEeKTaHT BUKOPUCTOBYETHCS B MEIUITMHI (Bimoma Horo OakTepHITUIHA,
OakTepiocTaTHYHA Ta IMyHOMOJYIIIOI0Ya i), Ul pO3pOOKH HOBHX JIIKAPCHKHUX 3aC00iB,
CTBOPEHHI BHUPOOIB MEIUYHOTO TNMPHU3HAYCHHS, CHHTCTUYHMX TKAHWH 1 MaKyBaJIbHHX
MarepiaiiB i3 IPOTUMIKPOOHOIO aKTHBHICTIO [12-22].

OmHi€l0 3 TPUYUH BHCOKOI 3aIliKaBIEHOCTI MociiaHuKiB 10 AgNPs sk aHTUMIKPOO-
HOT'O areHTa € 3HaYHO HiDK4Ya TOKcH4HicTh AgNPs, mopiBHsHO 3 ioHamu Ag'. 3rimHo 3
[23] 3HaveHHs MiHIMAIBLHOT OaKTEPHIMIHOI KOHIICHTpaIlii HOHIB cpibiia CTOCOBHO
pi3HUX MiKkpoopraHi3MiB € B Mexax 0,5...10 Mr/i, 1110 3Ha4HO IIEPEBHUIILYe HOPMY, BU3HA-
yeHy [lep>kaBHOIO CaHITapHO-EMiAeMioNoTiuHOI0 ciy)00t0 Yipaiam (0,025 mr/m) [24].
Bopnouac mocmimkenns BBy AgNPs Ha SKUTTE€NISUIBHICTH TBapwH [25] BHABHWIH
HU3BKY TOKCHUHICTE AgNPs — 3’s1COBaHO, 110 OCHOBHI TOKa3HUKH KHUTTEMISTIBHOCT] 017X
MHUILIEH He 3MIHIOIOTHCS TIPH NIEpOpaIbHOMY NTPUHOMI pO3UMHY 3 KOHIEHTpaniero AgNPs
100 mr/n. Bucoka antnbakrepiaibHa epeKTUBHICT HAHOYACTHHOK Cpibia AOCSraeThes
3aBISKH iXHIH PO3BUHYTIH MOBEPXHI, sika 3a0e3meuye MaKCUMAIbHAN KOHTAKT 3 CEPeIo-
BumieM. Kpim Toro, Taki HAHOYaCTUHKH JIOCHTh MaJli 1 3IaTHI MPOHUKATH KPi3b KIITHHHI
MeMOpaHH, BIUIMBATH Ha BHYTPINITHBOKIITHHHI TPOLIECH 3CCPEIMHM. BaKTepI/ILII/IIlHI/II/I
e(heKT HAHOYACTUHOK Cpi0iia CHIIBHO 3aJICKHUTh BiJl IXHBOTO PO3MIPY 1 MiABHUIYETHCS 3i
3MEHIIEHHIM po3Mipy AgNPs.

OcHoBHUME BuMoramu 10 AgNPs sk 10 KOMIIOHEHTa aHTUMIKPOOHUX IpernapaTiB
OlOMeTUYHOTO TMPHU3HAYCHHS (30KpeMa, NMPH BUTOTOBJICHHI OAaKTEPUITMIHUX PO3UYWHIB,
0aH/IaXIB TOMIO) € TXHS TiIPOQITHHICTh 1 HU3bKAa TOKCHYHICTh. BiAMOBITHO, aKTya IbHUMHU
€ TpoOJIeMH CHHTE3Y TiApOoQiTbHIX HAHOYACTHHOK CPi0ia, arperaTuBHO CTIHKUX Y IIIH-
pokomy iHTepBaini pH, mpudoMy 3aBIaHHS BiATBOpIOBaHOrO oTpuMaHHs AgNPs nanexo
He BupimeHa npoosieMa. ['igpodinbHICTE — 0COONMBO I[iHHA BIACTHUBICTH IS MPAKTHY-
HOTO BUKOPUCTAHHS HAHOYACTHHOK Cpi0Jia B aHANITHYHIN Ximil, 0i0JOTil Ta MEAUIIUHI,
OCKIJIbKY TIPAKTUYHO BCi 00’ €KTH JOCIHIIKECHb, sIKi TOTUYHI 0 3a3HAYCHHUX BHUIIE o0ac-
TeH, mependavyaroTh HAsSBHICTH CaMe BOJHOTO CEpelOoBHUINA. 3a0e3IeUCHHS BUKOHAHHS
TaKuX BHUMOT JOCSTA€ThCS MiAOOpOM CTabiTi3yl0uoro areHra, METOJIB CHHTE3Y Ta
npekypcopiB AgNPs. Tomy mera Hamoi mpaimi — OTpUMAaTH KOHIICHTPOBAHI KOJOIIHI
pO3UMHHU cpibiia, cTabiIi30BaHi IUTpAT-aHIOHAMH, SKi OJTHOYACHO 3a0e3MedyroTh 3a70-
BUIbHY CTa01Ii3a1lit0 KOJIOTTHUX PO3YUHIB Cpidiia i € HETOKCUYHUMH, a TAKOXK JOCIIIUTH
aHTHMIKpOOHY Aifo cuHTe30BaHNX AgNPs.

BUXIJHI PEHOBUHHU TA METOAWKHU MPOBEJAEHHSA JOCJIIAKEHDb

Cpibna uitpat (4ldrich, 99,9 %) Buxkopuctanuii 1k npexypcop i cuatesy AgNPs;
BITHOBHUKOM OyB Tinpasut rinpat (4., «Cgepa Cim»); mis crabimizanii HAHOYaCTHHOK
3actocoBanmii Harpito mutpar (NazCit) (4. a. a., «Cgepa Cimy»); perymstopom pH
CepeloBHINA CIYTyBaB HaTPil TiAPOKCU (CTAHAAPT-TUTP, «XapKigpeaximy).

®Dopmy Ta po3mip AgNPs omiHIOBaNM 3 BUKOPHUCTAHHSAM TPAHCMICIHHOTO €NeKTPOH-
Horo Mikpockona (TEM) Zeiss Libra 120 (5 MKI 30710 HaHOCWIM Ha BYIJICLIEBY
MiIKIaAKy, BHCYIIYBall 3a KIMHATHOI TEMIIEpAaTypH Ta IMOMIIIadd B poOoUdy Kamepy
Mmikpockona, TEM-300paskeHHs ONpanboByBajn 3 BUKOPHCTAHHSAM Iporpamu AxioVision
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Rel. 4.8.2), a TakoX 32 METOJOM cIleKTpockorii B Y®/BuauMoMy miama3oni [26-28] 3
BUKOPHUCTAaHHAM criekTpodoTtomerpa Shimadzu Uvmini-1240.

AHTUMIKpOOHY aKTUBHICTh CHHTe30BaHUX AgNPs mocmimKyBaim 3a AUCKO-audy3iii-
HUM MeTosioM [29, 30] CTOCOBHO IBOX TECTOBUX OakTepiil: rpaMHeraTuBHUX Escherichia
Coli ta rpammo3uTuBHUX Bacillus Subtilis (xonmekiiss MikpoopraHi3MiB BimmineHHs
OXTK [HPOB im. JI. M. Jlursunenka HAH VYkpainu). Mikpooprani3aMu BHpOILyBajIn
Ha arapu3oBaHOMY TOXHBHOMY cepenoBuili LB (Luria-Bertani medium, pH=8, Merck,
Germany).

Yamxku Ilerpi 3aciBany KynbTypor MIiKpOOpraHisMis y kinbkocti 10° konoHieyTBo-
prorounx oauHUI. CTepUIIbHI ManepoBi AUCKU AiaMeTpoM 6 MM mpocouyBaiu 10 MK
poszuuny AgNPs 3 kornerTpamiero 25, 50, 100 Ta 200 mr/m, nomimani Ha IHOKyJIbOBaHE
TECTOBUMH OaKTEPisIMU CEPENOBHUIIE Ta BUTPUMYBAIUCS B TepMmocTati npu 37 °C Brpo-
OBk 24 rox. JliameTp 30HH MPUTHIYECHHS POCTY TECTOBUX MIKPOOPTaHI3MiB OIIHIOBAJIH
3 TOYHICTIO 10 1 MM. JIoCHiKeHHs MPOBOAMIIM TTapalieIbHO Ha I sTH Yamikax [lerpi, a
BH3HAUEHI JiaMeTpH 30H NMPUTHIYEHHS POCTY yCEePETHIOBAIIH.

PE3YJBTATHU JOCILIXKEHb TA OBI'OBOPEHHA

AgNPs cuHTesyBanu 3a peakui€ro BigHOBIeHHS AgNO;3 TiApasMHOM Y JIY)KHOMY
CepEeIOBUIII B MPUCYTHOCTI IUTPATY HATPIIO:
4AgNO3 + 4NaOH +N>H4 = 4Ag + 4NaNOs + 4H,0 + N, (1)

VY nmonepennix nparax [31, 32] Oyno neTanbHO BUBUEHO KiHETHKY Ta MEXaHI3M Takoi
peaxiiii, a TaKoX BH3HAYCHO BIUIMB YMOB CHHTE3y Ha po3mip oTpumyBaHux AgNPs. 3
OTJISITy Ha Te, IO aHTHUMiKpoOHa akTHBHICTE AgNPSs 3pocTae 3i 3MEHIIEHHSIM pO3Mipy
gacTHHOK [33], komoimuuii po3unH cpidbna otpumyBamm npu 20 °C 3a TakKUX BHXITHHX
KOHLeHTpaniii pearenti: [AgNOs]o = 2,5%x107 mons/m, [NoHalo = 7,5%x107° mounb/m,
[NasCit]o = 1x10* mons/n, pH = 10,5. 3a 3a3Ha4eHUX YMOB i0HM Ag' MOBHICTIO BiHOB-
morTbea 10 Ag’, To6TOo KoHIEHTpalis oTpumyBaHux AgNPs Oyne piBHOIO BHXimHiit
koHieHnrpanii AgNOs.

OtpumaHni po3unan AgNPs mociipkeHi 3 BAKOPUCTAHHAM TPaHCMICIHHOT eJIeKTPOHHOT
Mikpockonii Ta crekrpockomii B Y®-Bunumomy naianasoni. 3’sicoBaHo (puc. 1), mo
otpuMaHi AgNPs 31e6ibI0r0 KysnenoAioHi 3 po3mipoM 14+5 HM.
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Puc. 1. TEM-306paxenHs («) Ta ricrorpama posmnoniny AgNPs 3a po3mipom (6).
Fig. 1. TEM-image (a) and histogram of AgNPs size distribution (b).
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Ha enexTpoHHOMY CHEKTpi NMOTIMHAHHS OTpuMaHoro po3unHy AgNPs BusBieHO
OJIMH BY3bKHH ITiK B 00macti 400 HM, 110 XapakTepHUH U1 CPepUIHNX HAHOYACTUHOK 3
BY3bKHM PO3IOJIJIOM 3a po3MipamMu. Po3paxoBaHi 3a XapaKTepUCTUKaMU CMYTH TIOTJIH-
HaHHA [26-28] (puc. 2, @) 3HAYCHHs CEpPeIHBOrO AiaMeTpa 1 momigucnepcHocti AgNPs
noOpe y3ropKYIOThCS 3 pe3ylbTaTamMu aHamizy TEM-—wikpockorii i cTaHoBisATh 15 i
3 HM, BiJIIOBIHO.

3ayBaxnmo, o KoHUeHTpaiss AgNPs B orpumanoMy 30711 cTaHOBMIIA 27 MI/JI, OJHAK
JUTS TPAaKTUYHOTO BUKOPUCTAHHS 3PYYHINIC BUKOPUCTOBYBATH OiJBII KOHIICHTPOBaHI
3071i. ToMy OTpHMaHWi PO3YMH KOHIICHTPYBAIH BUITApoBYBaHHAM 1pH 70 °C 3 BUKOpHC-
TaHHSIM BOJOCTPYMHHHOIO HAacoca JO JOCITHeHHs KoHueHTpaiii AgNPs B po3uumHi
200 mr/n. [{o6 mepeBipuTH CTaOIIBLHOCTI KOJOIMHOTO PO3YMHY, MOCIHIHKEHO ONTHYHI
XapaKTePUCTHKH OTPHUMAHOTO KOHIICHTpaTy (puc. 2, 6). BusiBiieHO, 0 CIIEKTPHU BUXiJI-
HOTO Ta KOHIICHTpoBaHOTO po3uuHiB AgNPs He3HadHO BiAPI3HAIOTECS MK c00010,
30KpeMa MaKCUMYM TMOTJIMHAHHS KOHIICHTPOBAHOTO PO3YMHY HAa 5 HM 3MICTHBCS B
JIOBrOXBWJIOBY 00J1acTh. BogHOUWac po3paxoBaHi 3HaY€HHS CEPEIHBOTO JiaMeTpa Ta
noriaucnepcHocTi AgNPs cranoBmsTe 20 + 5 HM, 110, IMOBIPHO, CBIIYUTH PO HE3HAY-
HHUH CTYIiHB arperanii HAHOYACTHHOK IIiJ Yac IXHOTO KOHIIEHTPYBAaHHS; BOTHOYAC, HE
BUKJIIOYEHO, 1110 3MiHa PO3MIpiB Ha 5 HM MoOXe OyTH NOB’si3aHa 31 3pOCTaHHAM AiaMeTpa
OJIHUX YACTHHOK 332 PAaxyHOK PO3YMHCHHS HECTAOUTBHUX MCHIIMX HAHOYACTUHOK YH
HaBiTh KJacTepiB (1m0 1 HM).
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Puc. 2. EnekTpoHHi CIIEKTpH MOTIIMHAHHS CBIXOMPHUIOTOBICHOTO po3dnHy AgNPs (a), KoH-
LEeHTpaTy (6) Ta KoHUeHTpary micis goxaBanHs AgNO:s (8).

Fig. 2. Electronic absorption spectra of freshly prepared solution of AgNPs (@), concentrate (b)
and concentrate after addition of AgNOs (c).

BammBOrO BUMOTOKO IO OAKTEPUIHUIHUX PO3YMHIB OIOMETUYHOTO MPU3HAYCHHS €
1XHsI HU3bKAa TOKCHYHICTh. BogHOYAC It BigHOBIICHHS Ag' Il 4aC CHHTE3y BHKOPHCTa-
Huit HesHauHMi (20 %) Ha/UTMINOK rifpa3suHy. 3 METOIO MEPEBIPKH MPUCYTHOCTI JOMIIIOK
rizpasuHy B oTpmMaHoMy KoHIeHTpaTi AgNPs, mo 5 mi posumny momaBamm 0,1 mi
0,01 moub/n po3unny AgNO3 Ta KOCHIIMIN ONTHYHI XapaKTepPUCTHKNA OTPUMAHOI CyMillri.
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3’scoBaHO, MO CIIEKTPHU KOHLEHTPATy do Ta nicia nogaBanHs AgNOs (puc. 2, g) mpak-
THYHO HE BiAPI3HAIOTHCS Mik CO00I0, TOOTO B CHCTEMI HE BimOysocs BinHOBIeHHs Ag'.
JlomaTkoBO BapTO 3a3HAYMTH, IO 3HAYCHHS MAKCHMyMy IIOTJIMHAHHS KOHIIEHTpPATy
Iicis JoaBaHHs HiTpary cpibia He3HauHO (Ha 3 %) 3HM3WIIOCS BHACIIIOK PO3BEACHHS
po3unHy. TakuM YMHOM, MOXKHA CTBEpJUKYBAaTH, L0 B PE3yJIbTAaTi KOHLEHTPYBaHHI
HaJUIMILIOK Tiipa3nHy OyB BIIIyYEHUIl 3 KOJIOITHOTO PO3UHHY.

3Ba)karouM Ha MEPCIEKTUBHICTH BUKOpHUCTaHHA AgNPSs K KOMITOHEHTa aHTUMIKPOO-
HHUX TpernapaTiB O0iOMEJINYHOI0 NPU3HAYCHHS, JOCIHIIKEHA aHTUMIKpOOHA aKTHBHICTh
OTPUMAHOTO KOHIIGHTPOBAHOTO 30JI0 CTOCOBHO Escherichia coli Ta Bacillus subtilis
(puc. 3). BusiBneHno, mo oTpUMaHuil KOHIEHTpAT 1Hr0ye pIiCT TaKUX TECTOBHX MIKpO-
oprasi3MiB. 3HaYCHHS JiaMeTpiB 30H NMPHUTHIUYEHHS pocTy OakTepiit cTaHOBIATH 15 Ta 16
MM it Bacillus subtilis ta Escherichia coli, BinmoBimHo. Taki 3HaYeHHs CyMipHi 3
JIOITYCTHMHUMH [lialla30HaMH 3HA4YCeHb iaMeTPiB 30H IPUTHIUYCHHS POCTY MIKpOOpPraHi3MiB
JUIsl IIUPOKOBXXKMBaHWUX aHTUOIOTHKIB [30], ogHak Tpeba 3a3HAYNTH, WO KUIBKICTbH
akTuBHOI pedoBuHH (AgNPs) B muckax y 10 — 20 pa3iB MeHIIa MOPIBHSIHO 3 BMICTOM
antn6iotukis (0,25 — 2 Mxr AgNPs nopiBHsHO 3 5 — 75 Mkr aHTHO6ioTHKIB [30]), 1110 Nae
IiICTaBY CTBEPIPKYBATH PO BUCOKY aHTUMIKPOOHY aKTHBHICTH OTPUMAHOTO IIperapary.

Puc. 3. AutubakrepianpHa aktuBHicTh AgNPs crocoBHo B. subtilis (a) i E. coli (6).

Fig. 3. Antibacterial activity of AgNPs against B. subtilis (a) and E. coli ().

BonHouac BusiBiieHo (puc. 4), 110 JiaMeTp 30H NPUIHIYEHHS POCTY MiKpOOpraHi3MiB
HEIiHIHHO 3pocTac 31 3pocTaHHAM KoHIeHTpamii AgNPs, 1m0, iMOBipHO, MOKHA TTOSICHUTH
yeknanHeHHsaM andysii AgNPs B TBepaoMy NOXHBHOMY CEpEIOBHIN, OJHAK Take
MIPUITYIIEHHS TOTPe0y€ MOAATIBIINX JOCTIKEHb.

Takox BiJ3HaueHa JIEN0 BHIIA aHTHUMIKpOOHa aKTHBHICTH OTPHMMAHOIO Hpernapary
CTOCOBHO TpaMHETaTHBHUX Oakrtepiil Escherichia coli TOPIBHAHO 3 TPaMIIO3UTHBHUMH
Oaktepisimu Bacillus subtilis, MO TOSCHIOETHCS Pi3HOI OYJOBOIO KIITHHHUX CTiHOK.
30Kkpema, CTIHKH TpaMIIO3UTHBHUX OakTepili CKIIAIaroThCs TOJOBHO 3 MENTHIOTINKAHY
(MypeunHy), a TpaMHEraTHBHI 0akTepii MatOTh KIIITHHHI CTIHKHU 3 IIAPOM HENTHAOTIIIKAHY
Ta 30BHINIHIO MeMOpaHy 3 JINOIOJiCaXapiHUM KOMIIOHEHTOM, SIKOTO HEMae Yy
IPaMIO3UTHBHIUX OaKTEpil.
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Fig. 4. Dependence of the diameter of the inhibition zone on content of AgNPs in the disc.

BHUCHOBKH

Ha mincTaBi mpoBeaeHNX JOCTIHKEHb MOXKHA 3pOOUTH BUCHOBOK, 1110 3aIPOTIOHOBAHUIA
croci0 cunHtesy AgNPs mpupmaTHuil [UIs OTPUMaHHS BHCOKOKOHIICHTPOBAHHX 30JIiB
cpibmna. Takuii criocid cuHTE3y MPOCTHii B anapaTypHoMy opopMIIeHH], MacIITabOBaHUH, a
OJICp)KyBaHI KOJOIJHI PO3YMHM CTaOUIbHI 1 HE MICTATh NIKIAIMBHUX JOMINIOK. Tomy,
3Ba)KAIOUM Ha BHCOKY aHTHOAKTepialbHYy aKTHBHICTh CTAO1T30BaHUX IUTpAT-aHIOHAMH
AgNPs CTOCOBHO OKpEeMHX BHUJIIB IPaM-IMIO3UTHBHUX 1 TpaM-HETaTUBHHUX OAKTEPiid, MOXKE
OyTH pEeKOMEHIOBAHWU JJIsi BUTOTOBJICHHS OaKTEPHUIIMIHUX IpenapaTiB 010MEeITUIHOTO
MIPU3HAYCHHSL.
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SUMMARY
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Widespread use of synthetic antimicrobial drugs leads to the development of antibiotic resistance of

pathogenic strains of microorganisms. Therefore, today researchers are very interested in drugs based on
nanoparticles of metals, in particular silver and copper, which have antibacterial, antifungal and antiviral
activity. One of the reasons for the high interest of researchers in AgNPs as an antimicrobial agent is the
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significantly lower toxicity of AgNPs compared to Ag” ions. High antibacterial efficiency of silver nano-
particles is achieved due to their developed surface, which provides maximum contact with the environment. In
addition, such nanoparticles are quite small and are able to penetrate cell membranes, to affect intracellular
processes from within. Therefore, the aim of this work was to obtain concentrated colloidal silver solutions
stabilized by citrate anions, which simultaneously provide satisfactory stabilization of colloidal silver solutions
and are non-toxic, as well as to investigate the antimicrobial action of synthesized AgNPs.

The solution of citrate stabilized silver nanoparticles (AgNPs) have been obtained via the reaction of
reduction of silver nitrate by hydrazine in alkaline medium in the presence of sodium citrate. AgNPs were
investigated using transmission electron microscopy (TEM) and UV-vis spectroscopy and the particles size and
particles size distribution (PSD) were determined. It was observed that obtained AgNPs are mainly spherical
shape. It was found that the mean diameter and PSD of AgNPs determined using TEM and UV-vis
spectroscopy are close and equal to 14 and 5 nm and 15 and 4 nm respectively. Obtained solution was
concentrated by evaporation at 70 °C under reduced pressure up to achievement of AgNPs concentration equal
to 200 mg/L. On the base of comparison of optical properties of initial silver sol and concentrated solution the
minority of agglomeration of AgNPs was statement. At the same time AgNO; test showed no change of UV-
vis spectrum of concentrate that points on the absence of reducing agent in the solution; this fact indicate that
hydrazine was eliminated from during the evaporation of initial AgNPs solution and obtained concentrate did
not consist the toxic impurities. Antimicrobial activity of obtained citrate stabilised AgNPs against Gram-
positive Bacillus subtilis and Gram-negative Escherichia coli bacterium was tested using disk diffusion
method. It was found that AgNPs shown significant bactericidal effect even at low (25 mg/L) concentration as
well as some higher efficiency against Gram-negative bacterium. There was also a slightly higher antimicrobial
activity of the drug against gram-negative bacteria Escherichia coli compared with gram-positive bacteria
Bacillus subtilis, due to the different structure of cell walls. In particular, the walls of gram-positive bacteria
consist mainly of peptidoglycan (murein), and gram-negative bacteria have cell walls with a layer of
peptidoglycan and an outer membrane with a lipopolysaccharide component, which is not present in gram-
positive bacteria. Based on the studies, it can be concluded that the proposed method of synthesis of AgNPs is
suitable for obtaining highly concentrated silver sols. This method of synthesis is simple in hardware design,
scalable, and the resulting colloidal solutions are stable and do not contain harmful impurities. Therefore, due
to the high antibacterial activity of citrate-anion-stabilized AgNPs against certain types of gram-positive and
gram-negative bacteria, it can be recommended for the manufacture of bactericidal drugs for biomedical
purposes.

Keywords: silver nanoparticles, synthesis, antimicrobial activity.
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