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659OMIol Bmgso obslinsmgds

0930 5JG¥moEmds. dMEM S0fegendo IMegso Ladgaboghm bsdmmado
909903bs  gBoms  BbmMbsfoszgdol  Lobmgbl s  Tomo  M30L9dgdOL
d9bPogasl. s MMl goblogMMMGOMO SO 35300 39MbEOL
656mbsfoerszgdl (AgNPs) msgolbo ©b035¢memo m30L909d0m, Mods3 gobsdomMds
om0 359mygbgdol 39ML39gJG03s oL LBIOMIdTo, MMYMOGOOES oGS0,
33039 99dEHO™b03s, BblmMgdo, BsMTs3MEMA0s, domdgoiEobs s Lbgs
365350 IMP0. oY BOw0s, MM3 AgNPs-ol 35dGH9M03E00Mwo 5§@03Mmds
©59M3000939w0s G3dgb0dg 35M539EHODBY, OHMYMMGOO(355 5000 BMId, BMEMTS
LGOBOMOMDS  BODBOMWMYONE®  sMgdo. AgNPs-ob Lobogbo UL3ggozgolzmdo
56300593 9M0mwo  m30L90900m  Ib0dzbgermzsbglo  4odmfiz930s, mwdgs gL
dbmwme 3060390 Bsdoxos  Fomo  FoMdo@gdmo  sdmygbgdolsmzols
00mb3g03E0bm bLRg®O™do. GMymOE Hgbo, Bosbmbsfowszgdo RoBomemyome
50980 296030056 960336900M356 (330009dOL, OMYMMOESS  SPMYASB0S OO
B9530M0L  0b65gdBH035305, M3 3600369wmgbs  SLLEBHIGOL  Lolm@zge
3b6BH0dsdBHYM0M  ™30L9090L.  Jgmeg  sb3gdEGo  dombsdgoEobm 33930l
1g3gOMTo  sOHOL  Bsd3MOBs™m 53963 JdOL  BOMMOZBYOIMBOL  QodXMdgLYDS.
OmamOm3 oo, AgNPs  gobom@wmaon®  3060md9dd0, 50505369096
GOAMEAHMJL03MOMBL, Mob 5TMmE Fo0  2odmMmYygbgds dombsdgEoEobm ©sbodby)-
©wqd0m  @0doGH0MYOME0s.  990F™MT,  EOIOLIM30L  OEO  dSEPolbIg30S
1Mm3MLoMgdmwwo  AgNPs-ob  dgMydoDg Bgsd3ommmo sdGHowme  bogmog-
9090056,  3m0dgMgdMb s IBEGH0BOMEGH0390Mb, sds3  TYLodEGOG0S
909309356mL  563005dBHgM0M  3m33MmDoGHIEY 9o,  2ordxMmdgLgdIMO
030190930m, o3 J0H3MIJ0s (3539 9000 300d3Mmb76ELIMZOL.

36MHMdgdol 3905L5FMHIO© 396L39dBH0os JoGrmER0o
0bLEGHMMAGDGHYdLS o  Bs39MdYBOL  oGMZs  BsbmzgHberol 903390,
56(¢030360MdME0, 30MEYIYMIO0MJOSO  3M0dgMHME0, Mbgwo, €sdgbody



90360Hmbol Lobidob Bsbm3ma3mbo@gdom, GMIgdoa Fodmowygbgb dmerodgdvye
3sGModudo Boroner AgNPs-b. 5060360 3:083mBo3gd0o M)Yy393)o 390mymazgb
(sutained release) ,,05d&H9M09d0L 0330w 96E0003MMIN  B5bMbFows3gdl,
053 bgerl M30sb domoglzol Hoerdmddbsl.

33e930l  doBsbo. 330930l FoBobl  [FomBmoagbs  sboero  momdols
656m3ma3MmBoGHJool  Fowgds, MHMIwgddog  FoGHMmodugdo  sdm3094nbgdom
30-N-3060¢-3060HMm0Mmbl s 396906030 (o®MBMdoL  a-5306M3553900L
Log3mAdzgebg LObMIHBOMYOME, goEol LB3oMEJ0 (s3390wwos FDA-I dogm)
blbs (3me0dgmadol L3oMmEHTo bLbsMds 9930 gdgEo 30MHMdsy AgNPs-ol
UEOB0E0BIE300LIMZ0L)  BOMPIAMIPOMIDI®, d0MIJMNogLgds® @S MmEMYBOHITo
S0Fo0MYOs©  3OGLBHIHTIMOPMZBSL S 3MEOgLEBHIMSB0PL,  BMTJW DS
LobmgBo 49bbMmOE0gwgdmwo oym B39l Boge d98+9ds390mE0 MMOYObIEMEMO
3900Mm©gd0m, Jorgd bsbm3zmd3dmbBo@gddo AgNPs-ol {o®dmddbols 3Mmgbol
99Lfogams, 35000 BMmBgdol, BMOIOL s EOMT0 93MIAS300L Fgg3elgds, SB93Y
05d3H9M030ME0 59BH03MIOL 2obLabPZMS (3009080 1n Vitro S56MHOL Q5HBMbbY.

330930l md0gdBHgdo, 98mygbgdmmo Bslisgrgdo: 330930l MdOYIEJOL
0969m5960b9b: FoBEBd0WO0BOMGdgW 58963Jds© 3Mmero-N-g3obow-3oMmo-
©mbo (PVP, Mw=40,000, Sigma-Aldrich) 5 B396L dogeH Lobmgbomgdmwo
60306500 5d06M35153M0 dOMEYYMIPOMGBSO 3M0TJMHJOO 3M0gli¢ M-
5300 (PEA, Mw=48,100) 5 3m@ogl¢gmds®mgasbs (PEU) - GomamM3 odsem-
dmeg3nem®o  (1L6(low) Mw=8,500), slggg Gowoerdmeg3my®do (1L6(high)
Mw=46,600), 60dwgdoi 890amd g@edbg sLOWMWwgdbgb dom3md3mbo@m®o
3693565@gd0l  JoMEH0JLoL  BMbd30sL. godmyabadmwo dsMowo - z9MEberol
Bo@®odo (AgNOs, Sigma-Aldrich >99,0%) s 5083960 G9s296GH0 - gmsbmero
(C2HsOH, 96,3%).

3°8myggbgdmeo  9gomEgdo: 39MEbaol  Bsbmbsfomszgdl  3owgdom
3960350l 6oE®MsGHOL BMEHMJ0ToMMHO S0AIB0m JmIBbMEIOl sMgdo. smygbom



36m39Dg BoHo3MMHo Bgdmddggdolsmzol 3099bgdoom 9byMyool 0ox Fystmls
- ool Lobsomergl,  GMmIgoi  LYTMOWIGdIL  0deg3d  OZ5LObMYBMm
LobmG®ggmo Bmdob (< 10 63) 39OEbEol  656Mbsfiowrs3zgdoo, GMmIgdlss
395Bb6050 36543030 godmygbgdols oo 3m@gbEoso dsdEHIMOE0IO
3693565@gd0oL  Loboom. 53olomzol  sbodbme BLbsOL 3wEsdom BB MOL
(og30bg. 50 d9dmbgz935d0 Bobx®OL dobs SLOMEgdS FMJGBoGHOOL OHMEOL,
539099 030 5GMJOL FbMmEm© bB3gdG®olL bowre Bsfowl s 9O SEHIMYOL
dm3gAHOWOM36 M BHOo00LE@IM  49dmlboggdsl. ol  Lobsmeools
399mygbgdom  39G3EbEol Bobmbofogrszgdols domgds B39bL dog®
2obbm®E30gmgdmmos  30M39ws. AgNPs-ob  §o03mddbsl  35005LEHwMm9dOom
MEGHM00bBIO0  b3gdBHOMb3m3ool (UV-visible Spectroscopy System, Agilent
8453), G®obldolomEo gw9d@GOM™mbmwo  dozhmligm3dool (JEOL JEM 100SX
Transmission Electron Microscope) ©@s 0658039900 8das0bggol dgomeols
(Zetasizer Nano ZS, Malvern Instruments, Malvern, UK) as5dmyqbgdoo.
6560 3330B0E Ol dodBHIMH0(300ME0 dg@03Mds dg30Lhowrgm 3gddo in vitro
529600l 45HMmbbY.

3330l 3Msghozawo  360936g@mds.  33wg30L  3MogHogwwo
36009369 mds 5ol AgNPs-ob gm@mdodom®o LobmgBo s BOMPIROIPOMIISO
5306M351539600 30e0dxMgool ocRdo, sOBYOVIE (3EBILY S Q9FM(EPOGdSDY
©YMHbMdOm sbowo, 96EH0d03MMdMwo AgNPs-ob 899339¢0 3ma3mbo@gdols
394965, H™Aad03 989JGHMO0 04693056, HMamGE 3mbdo@swmo 0bxgdzogdols
§0bs5503gy LEOMIMZgWs© (3gMHdmE bbgoslbgs LsdgoEEbm slivserols s
JoOm@maomo 0blEMmInbEHIO0L dodBHgM0E0EME LERIMO®), bgzg Lblsolbgs
Lobol 06x3030MdMwo  FHOWMdGdOL 15d3MMbsem©, 08 dsdBHIMHOMEO smm-

3969%0L  Hoboswdgy, MMIwgdoz MgHBoLEBHIBEGHMEGO0 6056 "LEIbIMEHMWO"
36GH0d0MmEGH03MM0 MYMs300L J0TSMI0).



AgNPs-00 0330960609010 30M© 0900090500 30m0dgemo Homdmo-
390L  3OMEMmbyo®gdmo  dmddggdol s  AgNPs-ob  30b6EOME06MH9d500
3900mgmazoll  56FH0d5JBHIO0M 360935053,  OMIgoi  MBOMBlgEymRal
Bobmgzghberol  wmzsmGo  306396EGMsE00l  F9bs@bmbgdsl  Loliy®gawn
0965309 mbyby.

d93boghymo  Losberg. 99dw)dsgzgdeos gomMLIBIbYMH0sbo, 05530 s
3503030 BMEHMJ00OH0 50gbol FgomO EOL LObsMOl gsdmygbgdoom.
5060360 dgomom AgNPs-ols 300qds 256bm&E0gwadremos 306H39ws.

900909os  bGH0dsdBHIM0wo  65bmggdEbaol 899339wo  3ma3mbo-
&9gd0 PVP-Ls s B39bl dogh Lobomgbo®gd o memoyobsermdo 5d0bmdsgeg«emo
00MEIYAMIPOMJOs©O  3M0dgMgdol - PEA-ob o PEU-U 35%sbg. o939,
306395055 259MmYy9gbgdmo  d0MmEIRMooMgdso PEA s PEU  ULsfyol,
3963bwol  65fows3gdol RmMIoMgdol g@s3bBg bofoszgdol  dsbEedowobo-
0909 3mw0dgMHgds, bmwm LsdmwmmE 30 doG®modugds doBbMmdMOZ0
00m3ma3MmDoEHdoLsm3z0L.  Jgufoguowos, s1939 39OEBOL BbmbilidgbBogdols
9009ds 3modgmqool bomggzol (PVP/PEA - 1/1 0sbsgzotomds) s 3963Eberols
Bo@®oob 49bLbgs390E0 3Mb39EHM3E09d0LSL.

390¢003530900: LEEOLYOBSEOM MDY godmdz0Ybgdmwos 3 BESEGH0S W
3 ©9Holo 50 MdM0Z s LEYOMITMOHOLM 3MbRBYMH963090DY.
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1. 8. gbosdg, b. 399353999, ©. GHwWOMdo, 6. JogoMsgs. ,,006m39(5berol
d90539¢0 8002300032 BoB99d0ol 3aH9boIGO 359996985 BomGgor0bsdo”, ,85-9

UEAHWMOIPEHMS 05 LogMHMITMMOLbM  LbsIg3bogMm  3MbRIMY6E0s", Lododmgzgwm,
0d0obo 2017, 7 0360L0 - 1 03¢0l0. (8m03m3s dglsdg LadMHODBM 5YOEO).

2. Sh. Tskhadadze , N. Kupatadze , M. Gurielidze, M. Gverdtsiteli, D. Tugushi, R.
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MICROBIAL COATINGS®, ,5 th International Caucasian Symposium on Polymers &
Advanced Materials®, Georgia, Tbilisi 2017, 2-5 July, p. 126.
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Biodegradable Polymers®, ,International Scientific Conference Future Technologies
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(Q3LOBYIW @S 9H-9MH BsY39mgLM 3MbGIOHMEr Jmblgbgdow HoMygbowo 54
dmbligb9gd0sb).

153 dsml FmEMEEMdd S BEHMWIGHMOS: oLYIOEIE0S mo3egl 115 bsd9F
3390, 3b®owo 13, bobsbo 31, Ldgds 5, 30GHOMIPIMWO WOEIOGHMML 132.
©obgOES305 09003905 99000930  dOMOMOEO  053930Lgsb:  Jglogsero,
©w0oGJOOGHMMOL  dodmboergs, 8909900 s domo  goblxs,  soliggbs o
359my9b9gdMw0 oEHIMHSGHMMS.



do®0md>O d0bssMLO

1. @o@gmo@vymol dodmbogrgs

653GXMToL o@gMo@IMHol 30dmbo35d0 2556500 HgdM0s dOOOMOO
LodmBomgdo, GMIWgdog gbgds bbmEJJbmErma0qgdol oIl G®ELs S
396M9L39d3H0390L 3500MbME F03OMMMHR60DIGOMIB dMIMEsT0, dOMPIRMIO-
905 3Me0dgMHJOL  BMASI® 5 5d0bMB53900L  LoxgMdzgw By Lobogbo-
6900, 5bowo MMOOL B0MPIRMIO0MGOSO0 3t0TgMHd0L Jowgdol Hgdl o
domo 30099900l BMEOGR0IE0SL,  Fodwol  3MmBEHMMEOMIISVO o
3056300 2odmygmxzol  LobEgdgdl  (s6FGH08030MdMO  Logs®mgdo @
65390Md900,  FOHomdoL  Logs®o  dsbogrgdo),  39MEberol s  dobo
0o60mgdmEgdol  dogBIM0E0VICY  5dBH03MmIL  ©@d  9BFGH0dsdBHYM0o
30L90900L  dJmbg  39OEbBOL  BbMBsfoErs3gdol  Tobomgds  godmygbgdwen
3900™mEgdL,  ALEVOWODBOMIJE 53963l o ToBHM0OJLYAL,  50TI6
60300096 9090L, o OHEIOOM O MPMYMBOM M30L9dJOL S  PodmYygbgdols
396L399&H0390b.

2. 390093900 5 35000 2obLxS
2.1. 396G3baoL 636MmbsHogrszgdol owgds o030 BmEGmgodommo
3900m©om 3me0-N-3060¢-306HME0EMbols 0565mdoLsLs

AgNPs-ob LobmgHol IMs3z5¢0 3BMdOEo FgoMmEOEL B396 F935GBogm
R GH™MJodomMHo 9goMmEO s 25635bMmME30gwgm (obslfso 33w93900. 33930l
506086 9353 By B3960 LETMToml doBsbo oym AgNPs-ol domgds 39M3Ebeols
Bo@®o@ol  L3oMEDbLBSMTo  oLBHOdOWODOMGdgE  5396GS©  M339  396RO©
399300 PVP-UI 958myqgbgdom, B396L 096 998853900900 35MHGH030 @5 05830
3900Mo® - gmEHMJodom®o s©0a960m, ol ddom (L3gd@®OL bogrmeo
Bofforom) alboggdolsls. €ro@gMo@®msdo s0fgMoos BmEH™JodorMo s50ygbs



MEEGHO00LBIO0 ILLOZIOOM. 53T gl FgOMEO FMOMbM3L MEEHMI0OLBIOO
2309mbboggdol  B3gsoowwéd  fgodml.  Bggbl  doghH  dg@Bgmeo  Igom©o
g6M5@Egdsl  034mmdl  megolo  Loosgoms @s  LodsdGogzom.  39MEbeols
B9b6mbsHoes3gdl 300gdom PVP-bs (1,0 g, dmen. dsbo=40 000, Sigma-Aldrich) o
3963bol boBMo@olb (0,1 ) L3o®EBLBsGOL (40,0 ) ol Lobsowom
sbboggdom.

Bob. 1. 396HEbeol  Bsbmlmldgbbos PuoAi-ob bszgergzo blbsGo gmsbmemdo
©sb0ggd53Y (a), slsb03xd0Esb 24 lim-ols 998y (b) s TslGsdOEOBOMGdIEO
05653530b 256939 (c)

AgNPs-ob §o69mgddbs ol gds 30bmsmms@ - Lofigobo »Magwo
blboMo bowwo Uboggdol 993wgbom 05gMgds gogolgmMo (bsb. 1).
3936036530, O™ LO0sGOLY s LOTIOEHOZ0L oM FGIMMO35DYOIO TgNMEO
S6O0L 93MR0MOS© ©SIBDMYO, 306506 56 Fmombmgl 39HEbeol ombol (Ag')
5GHMING  39MEbsdY (Ag") 50O 9bs  B3gE0sWNMHo  Mg53963Hd0L
(b8oMms© GH™JLo3MMH0o) @odmygbgdsl, 306506 58 GMbE0oL  SE¥YIEgd6
900ob  B3oMEOL dmeg3megdo. Agt - ol s0Eygbol 3M™ELO  gmIbmerols



bLbs®do F5LEHd0O0BOMYOGE0 ©I65T5EOL - PVP-U 00565md0Lsl! 30900bstrgmdls
Ldgds 1-0b gLsdsdoboo:

2Ag" + 2NO; + C,HsOH h—v> 2Ag’ + CHsCHO + 2H" + 2NO;s
1dg0s 1. 39MEbEROL 0MBOL s®Egbs SEMIMG ggMEbErsdoyg gomsbmemol blbsmado

sl 99009y, Mog §om3moddbgds 39MEbaol s@mdgdo, olbobo ofyqdgb
3996000569356 (BOEOL) BIBMBFos3900L  FsIMYSEr0dgd53©Y. oAb,
Omd HmELsE b5fos3900L ©0sdgEHMo Mol 50 63-U J39dmm, sd0OL X AR0
(5BMEOL 5BHMT0) MOHM0YOHNIJIIIOL 39OEHLWMID s 994oe0dJOL sT(353 ML,
(oS3 byl Mol 6sfoes3900L s mdgMoEost (995909dsL). 3mbEmMEoMgds
333¢gdbol Fo6dmgdbs PVP-bos o Agr- 1 dmGob (bgqds 2), Mmdgandos sdoeo

335 SLOYIEgAL AobBHOdOEPODYOIE GBI 309L.

.
cC N + Agt — —ﬁ_N< . —ﬂ’_N<
0 0: Agd' 0: Ag®

Uggds 2.  3meo-N-3obo-3oGmmo@mbls  ©s  39MEbeol  s@GmAL  BmMol
3339 duFommdabols LsgsMmsmem lsgdgds

dm35b©0bgm  Joegdwo  bsbmlimlidgbBool 33w9g3s  MeEHMI00LRIMO
(UV) 139d@Gemb3zm3ool 359mygbgdom. 3bmdowos, ™A 39GEbaol Bobmbofowszo
(AgNP) §o6800gbl 3enoBImbl s 593l dmsbmddols dsduodwxmdo gegdE®mboyen
139JBH®do  sbEMmgdom 400-460 63 ©Os35BMbT0, 656MbsFos3zol bmdoliysb
©53M300090)gdom.  STLBMID  oPbowWwos, MMI B3 MBOM  SHBEMULY
d096mddol dogbodmdo 400 63-0sb s M3 MBOM 30(HOMs dmsbomgdol 3ozoL
BobgzsmLodswerg, dom MRG® dzocMgs bsfoszol Bmds. AgNPs bmdoo 10 63 56
939900, 8056 gdols Jodbodmdo Igdscgmdl 400-420 63-0b Os35BMbT0.

! 89360865300, G0 BsbHBOWoBOMIBI0 ©BDsEHol - PVP-Us 256939 AgNO3-0l gm@mdodoneo
509608 3MMmEgbo gosbmwdo & d0dE0bsmgmdlL, blbsMo s 0x39Mmgds bbamdwozo OMOL
2496053 mdsd0.

10



B396L dogM domqdmwo AgNPs-ob gegd@®mbaaro dmsboddol 3gd@emado

dmy3960e0s bob. 2-Bg, LooobsE BBL, M Bofors3gdol 3ersBIMbOL Jmsbmddols

95Jb0039d0 (Amax) 39MOMYOL BO3MGddo 407-438 63, bmgom Jmsbmddol 3030l

BobgzomLodswerg 30 bs3dom 3ofMMs goblogmm®madom 48 s 500 Lon-ol gobgerols

9990092, b5b. 3, b s ¢). gb 30 F0MOMYOL 0dsDY, GMI JoEgdo Bofowrs3zgdol

BMdg00 (0L LOELYYOZgE EOS35HMbTo - < 1063 .

Method file :

Information :
Data File

Overlald Spectra:

05-

04
|
!
4

D:\OCL. 04.11 UV\Method\POL-5H.M [modified)

Last update: Date 22/12/2016 Time 9:47:12 M

Dafault Methed

D:\GCL. 04.11 UV\Data\Shorena\Segigse 15.11.16\PA-24b=. 5D
Created : 11/16/16 11:50:03

Method file : D:AOCL. 04,11 UVAMethod \POL-5H.M (modified)

Last updote: Date 22/12/2016 Time 9:47:12 AM
Default Method

D:VQCL. 04,11 UV\Data\Shorena\PVP\ADZ.12,15\48H K5-1.8D
Created : 12/2/15 18:17:24

Information :
Data File :

Overlaid Spectra:

| o8 / A
2 g 2 l J
i z \ /
Lt - a8 1
f . N /
024 7 /
= e o o4 e /’
. -3 s —”
(1} '-5_. -~ e S8 [+
- e — —
] — i + — ﬁ §{
L 48 e e S S ‘ et SRR T e ]
S TR "M S YRR WERET R YR " W @ w R !
} tame Peaksirm|  Rbs[AD) Valleysinm]  AbsiAU) A Feaksinm)  Abs{AD) Valleysinm)  Abs(AU) -b i
1 1.0 0.30235 9.0 9185162 a T 415.0 1.12880 658.0  2.5255E-2 |
1 ces wee e wen 1 €21.0  3.5987E-2 e wia .
L 1 628.0  3.2921E-2
Mathod file : D5 \QCL.04. 11 UV\Method\POL-SH.M (modified) Hethod file D:AQCL.04.11 UV\Method\POL-SH.M (modified)
Last update: Date 26/12/2016 Time 6:14:10 PH Last update: Date 26/12/2016 Time 6:14:10 PM
Informaticn Default Hethed Information Default Method
Data File D:\QCL.04.11 UV\Data\Shorena'\FVE\21.12.15\5045 K10-1,3D ta File B:\QCL. 04,11 UV\Data\Shorena\BVE\17.02.16417-02-16 1.50
Created : 12/21/15 12:32:40 Created : 2/17/16 12:43:35
Overlaid Spectra: — A e =
18 e LT i
R s .
144 filX £
a 124 \ A
= 4 3
i Y H 1
F " 2 |
i 08 \, N 185 - Il
| ru ~ \\_h 1 \ = - i
az e s ﬁ._ - S |
s e —
S R R ) @ & W m e 20 ] @ g we 80 Weweeghie
+ Nana Peaks (nn} Bbs (AU} Valleysina) Aba (A1) c L Peaks (nm) Abs(AU) Valleysinm) Aa (AD) d
1 407.0 1.73490 €27.0  4.5603E-2 % 428.0 1.55480 330.0 0.53855
: i S e ae : i e
e

6sb. 2.

3003bol  Bsbmlimidgbbos PuAi-ol  o-L3gdBH®o  Lobsomegbg

5936900036 24,0 Lor-ob (a), 48,0 Lor-ob Fgdcgy (b), 500,0 Lox-ob (c) s 2000,0
bor-ob 899¢0gg (d)

d930LHo30g0 AgNPs-ob m3@03mM0 3560599GHMO0L (330 gds Mmdo.

093600653, ®mI LoLEJIs MO39 RIO  4oOMEs  Lobomeng - Lodbgerob

(33™39000 ®sdom Lodbgergdo) (303eL. FoMado  F9gagdo - bsbm-

bL39gbBool m3EH03MMmo L0d330M030L s 3esBIMbOL Fmsbomddol Fogdlodmadols

(3LOWYdS

©Omdo  HomImygboos bsb. 3-Bg. MmameE bsb. 3-sb BBUL,

11



330360 103330039 2956MbGMgws 0bBMEIds 1300 Lo-ob As6doz3wMdsd0,
5358056 500 - 600 Lon-sb 1300 Lon-dg M3EH039M0 Lod33M039 033wYdS 306,
Mo 090degds  doMmomgdal, Mmd  390H3bwol  bod®modo  3ModE03 Mo
LEOHMESE 89300 099305302, M3 899bgds Fmsbmgdols dodlodwal ogo J30MHGdS
3060390 500 Lo-ol gobdsgemdsdo = 407-409 63-0g, 9999y 30 obogol
mdb0od3bgem (330 gdsl  (Bo3g  990dwgds  JoMMOMGIEIL  0dsHg, GMI
B56mbsfognszgdol Bmdgdo @mmbo 49boiol 830y 335w gdsEMdIL. ©sfygdv-
o 1500 -1600 Lo530sb, Jnsbmddol doglodxmdo 0BMHYds s 2000 Lo-m30L
50093L 438 63-U. oMol 5353OMYSE 0fYygds BsbmlilidgbBool m3EHozMMo
10033600306 93390000 F9030MYds. Ym39e039g U FgbedErms  B0OMYOIL
Boffoems3zgool  s3GaoEosly o @edlb30owgdsHy. FOFwol  gLl3ge By
§969mgdbogro o30 bogrgdo s5@sLEHMEOGEL 58 AmbOBEOYGOSL.

Dmax=[Y

20.00 ax=[Y T 440
a " : 8
a8 , VALUE] © 435 =

(] C
gro 7 f’ W
3 V4 ! s &
$ 1000 +—# 5 : &
c \, - 420 S
r ©
g 5.00 - it : 415 3
’8 \." _ VALUEL = = — =~ _ ~ \ - 410 B
=) ‘lﬁ’ - I Lg
0.00 S 405 2
0 500 1000 1500 2000 2500 o

6o (o)

Bob. 3. 39mEbeol Bsbmlinlidgbbos PuAi-ol m3@ogmmo Lodzgmogol (D) s
80560 gdols dsgdlodwydols (Amax, 63) 33e0EYds M0

090093900:  J00g0E0s 56E0dsJGIM0MEo bsbmgamaEbarol 8993390
3033mboios PVP-l 35%5%g, 969600 {gomrmo ©@ol Lobsmerol 3sdmygbgdoom.

2 033037960 15093360300 256LsLIbOZO, LsFoBMgdL Fgdmbggzs80, omgdwe Bsbmbrldgbbosls
395653900m 5-10-x 96, olg, MM bgwbsfymb B39gbgds  Jmxowoym 2 m3GH03me ghmgmuwby
Bogargdo.
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50LSB0I6s305, MHMT  ©EOL  LObsMEOL  godmygbgdom  AgNPs-ol  doemgds
396bMM309e9dM0s 30639e5. 0G0 B56MLMI39I6DOS IBILOIMYIMOS
99dGHOMbMwo  b3gdBHOmAgBHMoom - AgNPs-ol  3eoBdmboll  dmsbogdoo.
535056 3009390 BbMLML3GEBOS godmo®mBg3s BYMIMBOM - 3015dEH03INIS®
56 03330l 356M5993HMgoL 1300 - 1400 Lo-0l (0mddol 2 ™30l) obdsgermdsdo
Mmobol  3Hgd3gMedMsdy,  Gog  39ML3gIGHWL  bol ol 3MogdEHoge
3990my9gbgdsly 390306530, 339800 dM9H390Mmdsd0, 893069mdsdo s bbg.

2.2. BsbmgzggMsbeol d993339e00 56¢)0d5g@ Mmoo 3m33mbBo@Egdo
5006353537960 d0MYAMIPOMJO50 30¢0gLEIMHT0EIOOL O
30¢0gLi¢gM8s6mM356900L Logwydzgmby

330930l 50bodbme  gBHedbg  LsdMBomlb  FobBsbo  ogm  AgNPs-ol
3B6BH0dsdBHIMOMwo  3M935M5GHJdoL  dowgds  Bggbl  dogH  30639we©
LobmMxHBoMYOMEO BOMPYYMSPOMYBSO 30TJMHGdOL - 3ME0glEIMSTOEOL
30ogLBHYMHToMmEMZobsL  Loggmdzgamdy, gbgeyool o0sxgo  fysmml - ol
LobsmOl godmygbgdom.

dombgozs 0doby, M™d PVP 356020 3sL@900mobomgdgwo 5396309,
656m3mA3MmbBoGHol  Fo@®moduol  Loboo  dob  godmygbgdsls  gosBbos  Moyo
39003990, OMAMMHJO0EsS Fomswo blbsmds gowdo (530s@  godm-
0693b90s BbM3IMA3MBOEGHOL BOOOID) O 9MBPIAMSPOMYGOIPO 0bgds, €53,
dobo  Pgoedo  mbLbs®  gm®Isdo  gosyzsb0ol  Fgdmbggzedog 3o, 396
BHMB3gYgmxnl oML HBII30M0EL6 BobmzgMsberol Mfiyzgd s 3MmbEGHO™-
W00 25dMgMRL. 59996 2odmIobscy, Wm0 Mo 0gm 89damd (3009330
399M239949690065 30MYYMHIO0MGO50, Jmsbmendo blbso s fysedo Mblbsto
30e0dgM9do, 39600m, B396L WsdMmOmsGHMM0sdo 306M39ws© Lobmgbo-Mgdmwo
3mogb@ghsdoo  (PEA) s  3mwogbdg®dstomgsbs  (PEU), 6mymoag

5059390 1L6(low), sliggg Fowswdmerg3neyy®o 1L6 (high).
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3moglBg®sdoo (PEA). gomo  0sbs-3meogb@ghsdoo  (8L6)ors-
(8F6)025 ), HmIgeog 899ds 580bmBz53900L - L-cwgoiobol (0.75 dme»n.%) o L-
1960@owsbobols (0.25 dmen.%), Lgdosgobols gog5Ls s 1,6-39JLobEOMEOLSS6.
50603690 3565300 gLEHYM980©0, [oMmMogbl 3093565 3o YMTOL*
0000356  3033mbgbAL. 3m0dgMo MYYOEGHMOMYIOWOs LodoOmzgwml IHMIoU,
X96IOMIMmdol @ bLmEosey®o o330l LYToboLEBH®ML  LyIgEoiEobo
b5g8056MdOL  Lobgerdfomm  OgaMEoMgdol  LossggbBmdo  (bL¥83MMbsEIM
1535 90900L BLoGgOoLEBHME0M dm{dmds #N 003999, 24.X1.2010). 359mygbgdmero
300390l Bsdsm Bl 560l (Mw) = 48,100, bsdwowm MHogbzo - (Mn)= 25,600,
beeoem Bsdwgsm dsbolbs s LEdsm GoEbgoL MobsgeMEMds (Mw/ M) = 1.87.

3m0oglBg®dsmmgzsbs  (PEU).  3mwogl@ghdstomgsbs 99090
500b6m3g535  L-emgoobol o  1,6-39duobomemoliogsb.  9dudg@odgb@obomgols
39350mB0g0 ™G0 603930 - ,,dIIMEGINWNMHO“ S ,d50TMEH3IMMO,
Goms  09339LHogws  3me0dgMol  dmeg3mo  fmbols ao3wgbs  AgNPs-ob
Do68ngddbol 3Grm3gLbbY. g98mynbgdmEo 3mEr0dgMgdols Jsbsolinsmgdergdo sMOU:
»Q0505¢IM9399yOHOL” dgdmbgzsdo: Mw = 8,500, Mn = 8,300, Mw/ Mn = 1.02,
beeom ,,0505 8093290 GoLL - Mw = 46,600, M = 32,000, Mw/ M =1.46

[e) O
H H
{WN\XJ\M\O)\/N\} PEA
o) o) Ho ?Hz n
H /CH

T
c X=6 y=8
N
H3C/ \CH3 HsC CHs
[e) (@]
H H
R N N
R
n
o (|:H2 clez
CH CH
x= 6
H3C/ \CH3 H3C/ \CH3

1dgds 3. 33¢093530 358,mygbgdmeo B0MEYFMIOMYDIEO 3Mme0dgMgdo,
30¢0gLEgMsd0o (PEA) 5 3memoglidg®hdstomgzsbs (PEU)
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50b0dbmo 3meodgmgdo PVP-U dlgoglo xs33do 89o3eg9b sdoméo
X3IBJOOL SBMEGHOL 5GHMIGOL, MO3 9(30¢0gdg0s 656Mbsfers3gdol bEsdogo-
Bo3oobym3z0l. 36083609 mgsbos, GMI  s©bodbmmo  3meodgMgdol  ,Lodgb
0EM3905°“  298mygbgdmeos  3M5GHMJLo3MMo 60309 gdgdo —  530bMIso35
903060 @S sEogBIGHMO Bogmogmadgdo - 1,6-39Jusbommo s LgdsEgobols
957935 90090 bsbmbimlidgbbogddo  3meoglBg®msdol  (,3MmEoeg®mAL®)
5036036530, Gmam®3 C, PEU-U ©ododmeg3mwmdl Gmam®a — 1L6(low),
3505939 EL — 1L6(high), beaenm 396G3Ebaol boG®o@l Gmam®ag A.

gbMoo 1. gdudgmodgbBdo gsdmygbgdmmo AgNPs-ol dsliGodoobomgdgeo s39bdgdo
(PEA s PEU), 3963beol bogtmod ol (AgNOs) s 500960 603000960900 (907560¢m0)
{mbomo 05b5535MMdgd0 s 3mbEgbGHMms30900

3mgodgmol | AgNOs -ob
. 3ogrodgo, B AgNOs | EtOH, 3Mb396- 3mb39b-
Lsfigolo bsggo
PEA PEU (A), 3y I AM5309, AM5309,
80 80
CA: 1000 100 40 25 2,50
9du3gGo-
396¢oL 1 | 1L6(low)ioA1 1000 100 40 25 2,50
Lg®os
1L6(high)10A: 1000 100 40 25 2,50
CioA2 1000 200 40 25 5,0
9du3gGo-
396¢0L II | 1L6(low)iA2 1000 200 40 25 5,0
LgHos ]
1L6(high)10A2 1000 200 40 25 5,0

* J390> 06gdbgddo 10 50b0dbsgly C-ob, 1L6(low)-obs s 1L6(high)-ob, beaagwe 1 - A-b fmboo
05658500MdL

99396039630 HoModsMms bMowo 1-do dmyzsbowo Msbdodwgz®@mdoom.
dm3obobgmn  Jogdmwo  Bsbmlbmiidgbbogdol  33wgzs  UV-L3gddommligm3ool
390myg9gbgdom s dg30Lfogwgo AgNPs-ob m3303mM0 3565393 M9d0l 3300 90d
©@OMJdo. 9936036530, GMI LoLEBTs IMHZ9XIO 23OMPS LObsME9-LOdBY O
303U (3H™M390000 ©sdoom Lodbgwrgdo).

9Ju39M0996E 0L 3o6mzgmo (I) bgMos. PEA 0sbomdolbsls dowgdwyeo AgNPs-
ol 9w9gdBHOHmbmwo Fmsbomgddol L3gdBH©gdo Bmyzs60wos Jggdmo  (bsb. 4),
bo0obsg  BbL, Gmd AgNPs-ol  3¢robdmbol  dmobomddol  dogdloddo  (Amax)
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LobsmgHg sYM369006 1 Lo-ob G939y SGobL 433 63, 7 bon-ob Fgdqy 419 63,
bogom 24 ©s 72 bor-ob 99999 428 63, Mog b5Hows3gdols bozdsme d306Mg Bmdgd by

3000 dL.

Method £ile : D:\QCL.04.11 UV\Method\POL-SH.M Spactren/Pask faport oa Page ¢
Last update: Date 29/01/2016 Time 9:05:56 AM Bedndars jaky. 1 Madiy gy

Information : Default Method

Data File : D:\QCL.04. 11 UV\Data\Shorena\Coladerm\31-05-CON~1,5D

Created : 5/31/16 13:51:43

Lo b o |

4 Name Peaks (nm) Abs (AU) Valleys (nm) Abs (AU}
ame  Peaksioa) Aba (AR m Ao (A}

i 433.0 0.55705 654.0  7.6721B-2

X 653.0  17.7083E-2 341.0 0.39281 1 419.0 1. 33000

1 o e e P rr
Report generated by : Sh.Tskhadadze Signature: ..veveeeeveseres Report gunerated by @ 5%, Takhadadee nat ¥a. |
Method file : D:\QCL.04.11 UV\Method\POL-5H.M Spoctraa/Teak Report Date 03/06/2016 Tima 16135158 Page

Last update: Date 29/01/2016 Time 9:05:56 AM Coladars 75 bucch Bes
Thformation : Default Method
Data Fil D:\QCL.04.11 UVADATA\SHORENA\COLADERM\02-06-CON-1,5D
Helaval GRS UG Mathod file B5VEEL 4. 11 UV \Method\POL-BH.M
Last updats: Dats 29/01/201€ Time 9105156 AN
Overlaid Spectra: — Defanlt Method
[ Data Fil D:\OCL. 04,11 4
| Created 9:58
v
‘ 4 oveslaid Spectra:
| tH] |__.. . -
i
g 3 \ ™,
g % | | !'ll
b o= |
| B o
5
‘ | R |
18| \ - ~— o d \

‘ 8 —— B s N

‘, M = 30 4 00 800 Wavalength (s \&[/, Py

S P 7 IR e

+ Name Peaks (nm) Abs (AU) Valleys (am) Rbs (AU)

9 420.0 1.75630 938.0 0.92503 Hase Peaks (na) Ko (AD) Valleys(ns) Nos (AU

1 659.0 0.97773 657.0 0.97152 1 P 1.52800 427.0 0.75488

1 son soe see wed i e aas e ot

Repo: 1 v dad: Signature: .....eeeeescess
At A A e 3 Report generated by : Akaki Ealatozishvili SLgnaTUrar ....ieans -

Bob. 4. 396HEbeol 656mLbl3gbBos - CiAi-ob vo-b3gdBHmo Lobsoxmgby
05936900036 1 (a), 7 (b), 24 (c) s 72 (d) bor-ols Ggd9y

90090o 99093990 - 6bmLmL3gbbool m3GH03Memo 1Lod33M030L s
d0560gdols Jogdulodmdol 33w0Egds OMIo FoMdmygbowos bab. 5-%g (PEA-ol
0565030LSL), Bob. 6-Bg (05ETIM9399Ho PEU-U 000b5mdolsls) s bob. 7-%g
(0505¢dMmmg3)Oo  PEU-U 05bsmdolsl) (9du396M0od9gbdo  Bogo@otgor e
35659 )® 1YH0SQ).

OMamO3, bob. 5-sb BsbL, PEA-0560 B56mLml3gbBools ™m3Eozm®o
1003360039 OMT0 MDD 0BPGds s v©FI3L FoglodmAL EoYyM369d0WIH
X90960 24 Lor-ob 999gp. 990amdo sgm3b900Lol blbsMo msbsmsbmdom
00036935, M3 8090mgdL 6503900l 5xMgasE0sLs @S sALb30WgdsbY.

16



oflggds 3903Ebol Asdmegd3s (FMFwol BLIGMHDY Ho®dmoddbgds ds30 boergdo),
6ol 890925053 BobmbmlidgbBool m3EGHozmemo Lod33¢M039 OMmIo J30M©IdS
(30BMIZzoL  35HoMTMgdom X936 100 Lo-0g). 9Ju3geH0dgbEol  3oMzgw
190530 Boweol LogMdg dgMyqmdls 419-439 63-b GO, beerm oMo g do -
423-443 63-b dOOL, Gog FomomMgdl, GMmI doMqd)ero bsfos3gdol Bmdgdo

560b LobM39E Os35BMbYo.

Bob. 6-ob 30 BbL, MMI EododmEn3Mmo PEU-U  056mdolsl
330300 109330039 9Ju3gM0896EOL ©oERTOB MbEMD 0bgds s
30639 99J396MH0d96&d0 dodbodNAL S©Fg3L Lobsmegbg oymzbgdosb 24 Lon-ols

§563m0gdbs bsemgdo

2,00 . - 48 o

~ <./ S F 40
8 150 - e o :
= <z = - 435 S
s} * - oD C o)
§ el 1OV
2 1,00 - : - 430 %
g - 45 B
2 050 r . 3
') - 420 ’8
§) . S
~ : )
¢ 0,00 415 &
5 3
2 0 20 40 60 80 100 5
6 0

—— 3o6ggmo Lycos Q60 (b0)_g RRONGA QY
Gdools bog®dy 306390 ~ B 5ol Log®dg 3565emgeo

Bsb. 5. 396HEbErol Bsbmlilidgbbos CuoAi-ol m3Gozmo bodzzmogol (D) s
90560gdols 9sgsodmdol (Amax, 63) 33e00gds OHMI0

3990092, berenm 3565¢ge@do - 72 Lysmob 9999, 99 EOHMOoLLmM30L 39MbEols
Boffoenszgool bsfoero asdmwgdowos, mmdEs Mm3GH03mcmo Lodzzmozol bBMHEs
35063 530dB0MEYOS - 306039 LYM0sdo MIGH03MMo bodd33¢M039 0DBMPYds =~ 1,3-
39, bmwm dgmedg Lg®osdo = 3,0 - dg (Mg 393006M9dYos blbsGOl
099036935Lm96 Abbgowo bsfoes3gdol Fomdmdabol bostrxDyg), Moz J0m0mgdL
99b396089bGHOL  9MBLIMIbIEM  A9BTIMEOIGOSMISDY.  9Ju3gMH0T96EHOL  JoGm3z9w
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LgM0sdo bLog®mdg IgMHygmdl 466 - 486 63-U OO, bergem oMoy do - 437-471
63-b FmMoL, o3 dB939 FoMPOMGIL  sMBLOMIBIM 236G MBILS S
390509000 Ab30wo b5fos3900L Hocrdmddbsby.

3,50 - 500
e3,00 -5 - .s\ :490\5
€ 2,50 ») AN - 480 3
> 74 \ : o)
8200 L/ NI T |
- [

& 1,50 N - 460 &
- r =
% 1,00 //L\ A /r“./ WS
o . oS + -5
? 050 \ =~ s
| / NS — S S 8
e e - - ® [ €
0,00 430
0 20 40 60 80 100
©6n (bo)
==3063900 L960s == 35600gwo
Goweol Log®dg 306390 T 350l bog®dg 35Gogo

Bsb. 6. 396 Ebeol Bsbmlmlidgbbos 1L6(low)wAi-ob m3Eozmemo odzzmogzol (D) s
00560330 85gb039TOL (Amax, 63) (33000905 OO

PEU-bL  o56smdolsl  m3@ozméo  Lod336m039

02053 YO0
996396039630l A0 MIBEIMIB 0bEIds s 3039w 9JL3gM0Ag6ETO
35JbodMAL  s0Hg3l  Lobsmegbg @IYm3gbgdosb 7 ULo-ob d9dwgy, bmerm
396oge®do - 24 Losool dgdgy (Bob. 7), 3o63zgem LyHosdo ™m3EH03MMO
1003360039 0BMmds 1,43-009, bmerm dgmMg Ly®osdo - 1,18-0g, ™G039
993960396330 bsfows3zgool BmGIoMIdOL 306M3903g Losmdo  Jmsbogdols
dodbodmdo  s6oL 441 s 432 63, G553 FoMomgdl dgodg bsfowszgdols
0969mgdbsby, 999030 ©sgMm3b9d0LOL 30 blbsMIO MbIMbMdOM 0dM3MY35 W
3906036905 b gdols  FogJlodmdol 33390000  ASBMES s 39MEbEoL
99b39603gbGHOL 30639 LgMosdo  GHoweol LoyMdg Tghygmdls 441-489 6I-U
dm60L, bowm 35Mowgwwm@do - 432-487 63-U dmMob, Gog dommomgdl slg39

0O HBMIob BobMbFos 3900l Fo®dmddbsby.
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§s6Mdmogddbs bsqngdo

3,50 R - 500
- N\ L 450
D T — —
7\ N\ o

AR\ »

- 450

NN
=
S

—_
(=]
(=]

1
1

33039960 Lodzzhogg (D
£

dsbogdols dsglodsdo A, (60)

-= - 440
0,00 - 420
0 20 40 60 80 100
6O (5o)
==30(390 byMHos == 3505 g0
ool LogMdg 3060390 —8— 350l LoaMdg 35M5EgEo

Bsb. 7. 39H3b@ol 6sbmlimldgbbos 1L6(high)Ai-ol m3@o3mmo Lodzzmogzol (D) s
8005600gdols 95gdls0ddols (Amax, 63) 33€0WYdS COHMTO

900900 990093990 330639690L, I Jglfogzerow 3me0dgMHgdls dmGol
AgNPs-ob 390090  oliEo00oboMgdgos PEA, Gmdgwog 985306OM@e@
0d93s  MRO®  dyMs©  099a9dL. o3  Fggbgds  PEU-L (MmO
V@I IZNX YOO SLY3Y  B5QIINWIINWYMO)  Ba3wgBe©  9BIIGIO0
50dmPbbgb, MHmymez AgNPs-ol Bsdmygowodqds - LEsdowmobsgool, sbgag
390929000 245639MmM@Md0L M35 LIBOOLOM.

d9Lsd5ToLoE  F9dEAMTI0 33293900 9398039 qgo PEA 09bsmdolsls
0090 656mboors3gdby. d930Lsfogergm PEA-0l 09bomdolsl dowgdmewo
6560bsHogns3900L Jobolosmgdgdo obsdozmemo dmdysdbgdols dgmmeobs (DLS)
@5 BHMBLIoLOMMO gargdBHOMbmeo dozmmlzm3ool (TEM) as9mygbgdoom. DLS-
00  2963L5B3M 0 BbMbsfos3gdol  Bmdgdo s bBmIomo  gobofoergds.
©535003069m, MHMI gmsbmols blbs®do Bsdmyswr0dgdo Bobmbsfors3gdols
LodMom BMBs sG0L 50 63 (sbogzgdol O™ - 24 bom), 30EW0EOL3GOLOWWMDS
3o - PDI < 0,16, 653 909900090L blbs®do bsbmbofogrszgdol Lodrswm
39650 qdsbg (Mean distribution).
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9019b95350 030Ls MM BbMbBsfos 3900l L8 Mm BMTs 2obolsDBLIMS
50 63-0b GHMeo@, gU 96 FodmOmOEbogs, MMA bsfos3zgool bsfowo ygmgzgowoym
Lolm@gzgero 10 63-Bg 6530900 BMBol. TEM-om g58tm33009358 0s5QoLEG¥Ms, H™I
Bo6g3do Lo3zdoms 10 B3-Bg bozergdo Bmdol bsbmbsfoszgdo (bsb. 8), Gos

29bLsBP3M3L oGO 3m3MDOEGOL Fose BJEHIMOBE0E 5JGH03MBU.

"> g
o B
T @ S 200nm " 100 nm

bsb. 8. TEM gs8mlsbmamgds 396Ebarols bsbmbafioeszgdo (Lbgsoslbgs gs0wgdsby)
3009005 BMEMJodor®o (ol Lobsmeols) Eslboggdom. EIbogzgdol Mm: 24 bo

090093900:  300QdME0s s dgbFegErow0s  9bGH0dsdBHYMOMEo
656m3g9MEbeol 8993390 3md3MB0OEGHIO0 B0MPYRM0GMHds©o PEA-US s PEU-
ol Loxymdzgmby. 30603900 PodmYygbgdmo domMmEIRMIoMgdso PEA s
PEU Uosfigol, 3963baol  bsfowszgool xm®docmqdol g@sd3bg  bsfowszgdols
LGS0 0D0MYIJ  3M0TgMHYds©, bmE@m  LsdmmmE 30  sGHModlgdo©
30BbmdMH030  00M3MIZMBOGHIOOLoM30L  (Joowgds  MIMsmE  LaMgodsgom
65693900L  259mygbgdom, Jomo gobEoM393900L s sT5BHJIOOMO -3 F53900l
396909).  ©d350bgm,  ®md PEA-Ls ©@s PEU-bL dm6Mol  g39MEberol
B56mbofogrszgdol  Lomzgogbm  FsLGHedooBoMmgdgos  PEA,  HmIgwog

5053000MMEs© 0dwg3s 296dgmEmqdo d99aqdL. PEU bozwmgds 9139d@mcos
HMaMO3 3903bOL Bobmbofiows39dol Bsdmyswodgds - BEsd0woBsEool, sB939
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990093900L  BES00EgMHMIOL  M35WLsBOOLom.  F0MgdEo  BbmlmldgbBos
©HOLOSMPIMWO0S JargdBHOMbMEo 139dBHMYO0m - 39OHEBOL Bsbmbsfowszgdols
35HBdmbol  dmsbmddom, @obsdozmMo Fmdasdbgdol dgompoom (DLS) o
G®5BLIoLOWGO gegdGHOHMbMwo dozmmbzm3oom (TEM).

9du3gM0dgbBol  dgméyg  LbgMos.  9Ju3gModgbGHoL  dgmeg  Lg®oo,
3063900bsb 256Lbb3s30IdMPS FBMWME sT5BHYOMo 39H Lol boGMmo@ol
(39Mm®3oq0meo - 200 dp) MomEgbmdoom (ob. gbMowo 1). s0bodbmeo
99b3960896GHOL  30M3900 S 39MVEGEMMO  b0dMIGOOL  259MH 05670 o
990093900 9399005 Bob. 9-Bg. Loosbsi BBL, GMA 30M39wo 7 Lor-ob Yoligerols
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00m3MmA3MDBoEHdoLomM30l, bmerm JgmEg IbMH03, domYMIoMmgdso PEA
Bo3argds 9839dGHMM0s OMAMmOE  AsbBHIO0WODOMGOGO  549bBHO, Bogod oG
oblbgds §goedo s 93 M35LsBOHOLOm PVP-056 dg0o6m9d00  bolbomgds
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3003306963 gd0l sbsgzsemds (50:50) s gmsbmeol dmEemds (20 dgw) ogym
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300390 BsM930L BBOIBOODBI30b.

gbMowo 2. 9du3gModgbBBo 5dmygbgdmmo AgNPs-ol  IsbEsdoEoBoMmYd Lo
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(90256¢00) 6000 056585(MdId0 ©s 3MbEIbEGHMsE0gd0

bsfgobo 30odgmo, 9y AgNOs | EtOH, 3eenodgMols AgNO:s -obs
Bs®qg0" (A), 33 8 3630b@G®™s30s | 3mbEab@G®MsE0sa
PEA (C) | PVP (P) ’ Jg/dqm ?/0qw
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O3 65b.11-sb Bsbl, mMogzg bsbmbmidgbBool (PsCsAi s PsCsAos)
330360 1093360039 EOMI0 M6PIMB 0DBEYds 30M39wo0 3,0 Lo-ob (PsCsAi-ob
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656md0Mm3MmIZMboEMmHo oMgdo s F9g30Logwgm in vitro ds5g@gMHOE0MIO
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0960 56EH0d5dBHO0o ™M30198900 MO39 b36MIMA3MBOEGHTs Q9dMI3e0bs MG
990%g: Staphylococcus aureus-bs ©s E.coli, boagom 0omddol 96059539J¢HmMo
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B9, berenm 5659839JG M0 508mBRbgbgb Bacillus cereus-ol 80856)00.
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Abstract

Antibiotic resistant new strains of pathogenic bacteria are one of the main
problem for modern pharmacy and biomedicine. During the last decade, a lot of
scientific works have been dedicated to synthesis of metal nanoparticles and study of
their antimicrobial effect. Silver nanoparticles (AgNPs) can be considered as the most
promising in the list of effective antimicrobial drug products. Formation of polymeric
nanocomposites, containing antimicrobial AgNPs of desirable size, is a significant
technological challenge.

The current work describes formation of bactericidal agents containing
AgNPs using the cheap source of energy — the day light, in presence of stabilizing
agents — Poly-N-vinyl-pyrrolidone (PVP, Mw=40,000, Sigma-Aldrich) and original
biodegradable amino-acidic polymers - Polyesteramide, synthesized by our team
(PEA, Mw=48,100) (API of drug product Coladerm, registered in Georgia) and
Polyester-urea (PEU - 1L6(low) Mw=46,600 and 1L6(high) Mw=8,500). AgNPs were
obtained by photochemical reduction (using daylight irradiation) of silver nitrate
(299,0%, Sigma-Aldrich) in ehtanol solution (96,0%). For this, the solution was placed
on the windowsill. In this case, the window glass acted as optical filter as far as it
transmitted only the visible part of spectrum rather than the short-wave UV.

At the initial stage of the research, AgNPs were fabricated using PVP as
stabilizing agent. PVP is biocompatible, film-forming polymer and it is soluble in
ethanol (solubility in ethanol is a precondition for stabilization of AgNPs). The
references describe photochemical recovery by UV radiation and microwave
processing. Main limitation of the process is that it requires expensive equipment and
caution to avoid boiling and drying of ethanol.

The method which we have chosen is attractive because of its cheapness and
simplicity. In addition, the proposed method is environmentally friendly as far as it

does not need the use of specific reagents (often toxic) to reduce silver ion (Ag’) to

atomic silver (Ag’) in given case it is the function of ethyl alcohol molecules. It is well
known that AgNP is a Plasmon and its maximum absorbance in electronic spectrum is
within approximately 400-460 nm, depended on the size of nanoparticles. The
obtained nano-suspension was characterized by UV spectroscopy. Actually, it does not
change the parameters during 1300-1400 hours at room temperature, which makes its
practical use more perspective.

PVP is a good stabilizing agent, however, it has some limitations like high
water solubility (it is easily washed away from nanocomposite film) and PVP is not
biodegradable polymer. Therefore, it was logical to use biodegradable, ethanol soluble
and water insoluble polymers such as Polyester amide (PEA) and Polyester urea (PEU)
for the next experiments. Like PVP, structure of these polymers includes nitrogen
atoms of amide groups that are nanoparticles stabilizing atoms. It is worth mentioning
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that these polymers are made of non-toxic substances — amino-acid leucine and
aliphatic substances — 1,6 Hexandiol and sebacic acid.

At this stage of study it was concluded that PEA is better stabilizer of silver
nanoparticles than PEU. PEA gives repeatable results but PEU (the both, with low-
and high-molecular weight) turned out to be less effective not only in terms of
formation - stabilization of silver nanoparticles, but for stability of results as well.
Accordingly, the further studies of silver nanoparticles was carried out in presence of
PEA. The obtained AgNPs were characterized by physicochemical methods of analysis.
Size of nanoparticles was determined with Dynamic Light Scattering (DLS) method. It
was found out that average size of the formed nanoparticles is 50 nm (radiation time —
24 hours), which allows for the possibility that particles of desirable size (<10 nm)
exist. Study with Transmission Electron Microscope (TEM) demonstrated that number
of particles with size of less than 10 nm, is quite big in the mixture.

Based on the research conducted one may conclude that out of the studied
polymers, the best stabilizer for AgNPs is PVP. As for PEA, it is the best one out the
used biodegradable polymers from the perspective of AgNPs size and stability of the
results as far as it acts as stabilizer of AgNPs but cannot be as good as PVP. With
consideration of all the mentioned, it was decided to merge the positive properties of
these polymers and use their combination to form the biocomposites containing
AgNPs. Content of silver nitrate in mixture varied from 5 to 50. As for and correlation
of polymers (50:50) and volume of ethanol (20 ml), they were constant. Hence, one
component of polymer mixture — PEA, leads biodegradability of nanocomposite and
permanent release of AgNP from the surface of the film, and PVP provides better
formation of particles and and stabilization. It was established that reduction of silver
nitrate in the mixture contributes to formation of small (desirable) size AgNPs. Low
concentration of silver nitrate (0,50 — 0,25 mg/ml) and long exposition (14-20 days
with consideration of light-dark cycle) are preferable for obtaining the AgNPs of
desirable size. AgNPs sizes in nano-suspensions have been studied with TEM. The
research justified that the both mixtures contain quite big number of particles with <10
nm size and less. According to the references, these particles provide bactericidal effect
ofAgNPs. Nanocomposite films, containing AgNPs, were prepared by pouring the
nano-suspensions on smooth hydrophobic surface and evaporation of alcohol. Further
the in wvitrobactericidal effect was studied for the following strains: Staphylococcus
aureus, E.coli andBacillus cereus,as far as they are the main sources of surgical device
infections and superficial infected wounds.

Thus, a single-stage, cheap and simple method of photochemical recovery has
been developed with the use of daylight. This method allows obtainingof silver
nanocparticles of desirable size (<10 nm) which have the high potential for being
practically used as bactericidal drug products. In addition, the study covered the
optimal time and resistance of nanoparticles (aggregation of nanoparticles in time)
with change of optical density and maximum Plasmon absorption, also the sizes, shape
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and bactericidal effect of nanoparticles. It should be noted that we are the first to use
daylight for PVP —based formation of AgNPs. Besides, it is the first case of using PEA
and PEU as particle stabilizing polymers at initial stage of silver particle formation and
using them finally as matrices for targeted biocomposites.
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