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d9LPogemsl. s FmMoL  2oblog MmO SYOMO  M39300  39MbEOL
B56mbsfoerszgdl (AgNPs) msgolbo 9603500 m30L909d0m, G035 gobsdoMm™mds
om0 godmygbgdols 39mL39gdEH03s oLy LEgMHMYdTdo, MMYMEOIOOESS 35¢)OW0Do,
33039 99JBH™™b03s, LBYbLMMGdO, FBoMBS3MEMY0s, doMBgEOoE0bs ©s Lbbgs
9693500 IMP0. oY BOE0s, MMd AgNPs-ol 35d3H9M0300wo  5J@03Mmds
5930009005 M58Y60dg 356589GMDY, HMYMEOHGO0ES F500 BMTs, BMEDS S
BGOdOMMMdS  BODBOMWMAONG  56M9d0. AgNPs-ob Lobomgbo UL3g0x303m60
5630859 9gMmomwo  m30L9d980m  F60dz3bgerm3zsbglo  edmfi3930s, dgs gL
dbmmnE 300390  Bsdoxos oo HoMBs@GHdmmo  as9mygbgdolomgols
00mb3g03E0bm bLRgdmdo. OGMMOE Hgbo, Bobmbsfowszgdo BoBomwmaom®
50900 2956030056 960336900M356 (33000 gdIOL, OMYMOOEIS  SPMYASB0S OO
B9s30600L  0b5gBH035305, 653 3600369wm3bs  sLLEGHIGOL  Lolm@zger
36G0d5gdBH9M0om  m30U90gdL.  IgmEg  sB3gdBHo  dombLdgoiobm 33930l
bgYIOMTo  sOHOL  Bsd3MOboerm  5396BHJOOL  BOMMOgLYOIPMOOL  gowgdx MdJLYDdS.
OmamO3 oo, AgNPs  gobom@maon®  300mdgddo, 50505369996
BOAMEGMJL03MOMBSL, MHOL 4odmE om0 259MYqbgds dombsdgoEobm sbodbwy-
Wwad0m  @030G0MYOME0s.  580@MI,  OIOLLM30L  OEO  dogEolbIg350
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3036mbol Loligol 656m3m83MBoEJdom, MMIwgdoa HoMdmowygbgb dmwodgemmen
3sG®odudo Boroner AgNPs-I. 50b08bo)ero 30033mB0oGgd0o MHY393)9© 29dmygmagb
(sutained release) ,05d&HgM09d0L 0933w 96E0T03MMIN  B56MbFoEs3gol,
Moms3 bgerls 2800 domoglizol Homdmdabsl.

3309306 doBsbo.  33eg30L  FoBobl  FomBmowagbs  sboero  momdols
B56m3mI3mBoGHgdol  dowgds, MMIWgddos  FodModlgds  dodm3z094qbgdom
300-N-3060¢-3060m@0@MbL ©s 811690M030 Fo0dmImdol x-58060mTg53900L
bog3mdzgenbg LObMIHBOMGOME, goErol LB3oMEo (sd39dmwos FDA-U doge)
blbs (3me0dgMgdol L3oMEHTo bLbsMds 9930gdgeo 30MHMdss AgNPs-ol
00MEIYRMI®OMYOs©,  d0MIGMO3LGdSEO @O MORsboBIdo  SLOTOEPOMYdS©
30oglEYMOToMHEOMZBsL s 3oglBgmsdol,  OHmdgwms  Lobogbo
3obbmMO309mgdymo oym  B3zgbl  dog®  999w9ds39do  mEMOY0bsErMEOo
9900M9d0m, G000 656M3m33MBoGHJdd0 AgNPs-ol (o®dmddbols 3GmEqLol
Igufogams, om0 Bmdgdol, FGmEOoL s EOMI0 9xMYRd300L Fggelgds, SBY3Y
0543H9M030©ME0 59GH03MmO0L 2oblsDw3ms 3009080 In Vitro 5356MH0L 5HMbbY.
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Bsb. 1. ggMEberol 656m3m3mbod PuoAi-ol bszzwrggzo blbsdo gomsbmendo
©3bog)0s3Y (a), sLB0ZggdOEIE 24 or-ol 8gdgy (b) s AsLBHBOOBOMdYO
©36595¢)0L 356999 (c)

AgNPs-ob §o60dmgabs olGmqds 30D95emEMms@ - byfyobo Mgg@HIo
blbsmo bowryawo Lboggdol sgwabom 0xggMgds ysgobgmow (bsb. 1).
3936006530, ™3 LOOsGOLS s LOTIOEHOZ0L 9O FGIMNMO35HYOO TgMEO
500 93MMPONOS® ©EIBMY0, 306506 56 JmoMbmgl 39HEbol ombols (Ag')
SHMING  390Ebwsdg  (Ag) smbsygbs©  L3gEoswuGo  MYeaghigdols
(b3oMms© GH™JLo3MM0) 259mygbgdsl, 30bs0sb 93 FMbI30oL  SLEIEdID
90000l B30OGOL dJmEg3Mwgdo. Agt - ol s0Eygbol 3OHMmEglo gosbmenols



blboGBo 35139000 B0MYOYE0 ©6535E0OL - PVP-I 05b5md0obols! 30d@obstrgmdls
bd9ds 1-0b gLsdsdobo:

2Ag* + 2NOs + C,HsOH h—v> 2Ag° + CHsCHO + 2H* + 2NOs
g5 1. 3963EbEoL 0mbol 50965 SEMIN® 39MEbEsdEY 9gosbmemols blbs®do

sl 99009y, Mg Pomdmoddbgds 39MHEbaol s@Mdgdo, olbobo ofyqdgb
39900569358 (BOsL) Bobmboffors3gdol Bsdmygs0dgdsdwg. ©oagbowos,
G0nd HmELsE bsHows39d0l ©osdgEH&Mmo 6oL 50 63-U J39dmm, s80OL X AMRO
(5BMEOL 5BHMT0) MOHM0YOHNJIIIOL 39OEHLWMID s 594oe0dJOL ST(393 ML,
oms3 byl 8ol bsfos3gdol sgamdgmsiost (39§9dgdsl). 3mbiGrmemotgds
333¢9dbol Fo6dmgdbs PVP-bs o Agr -1 dmGob (bdgds 2), Mmdgerdos sdomeo

035 SLOYIEGAL FoLBOBOEOBYdIE BB 305L.

s e’ e
o) o: Ag O: Ag°

Uggds 2.  3meo-N-gobo-3o0Gmmombls  ©s  390Ebeol  sGmdb  dmMols
30039 dlFaemrdmgdbols Lags@smem lsgdgds

dm3sbobgm  d0gdwo  bobmlmlidgbBools 33w9g3s MW GHMS00LGBYHO
(UV) b3gd@Hembzm3ool asdmygbgdoom. 3bmdowos, Mmd 3903EbEol bsbmbsfiowszo
(AgNP) §o68mogbl 3csBImbl s 593l dmsbmddol dodubod«do gegd@®mbeoyen
139dBHMFo  EsobEMgdom 400-460 63 OS35BMbA0, BBMbIFoErs30L BMToLsb
©53M3000909)-gd0m.  5d5Lb  IYJPO0s, BMT Mg MBOM  SHAMULY
d0960mgdol dogbodmdo 400 63-09b s Gog MBRO™ 30fHOMS JmNsbmJdol 3030l
Bobgzemlodserg, dom M@ d300gs Bofoszol Bmds. AgNPs bmdoo 10 63 96
943900m, 800560gd0ol dodbodmdo dgdscgmols 400-420 63-0l 0s35BmbJo.

1 8936086530, MM 3sLEHOVOEOBOMGBGO ©BVsEHOL - PVP-U 900989 AgNOs-0b ge@mgdodovy®o
30960l 3OHmEqglo gmsbmedo s F0dE0bsMgMdL, blbs®o o 0xgMgds babaMdwogo M®ob
3968530Mds00.
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B39bL 8096 Bomgdemo AgNPs-ol 9ergd@®mbmwo 8msbomddol bdgd@GHgdo

dmy3960e0s bsb. 2-Bg, LooIbsE BIBL, HMT Bofogrs3zgdol 3ersBIMbOL Jmsbmddols

95Jb03M09d0 (Amax) 39MOMIOL BE3MGddo 407-438 63, brmgrm Jmsbmgdol 3030l

Bobg3omMLodsmeng 30 Bo3dome 30(GMs 4obLS3IMMEMgd0om 48 s 500 Lor-ol obzols

999099, b9b. 3, b s ¢). gb 30 FoMMOMGIL 0By, HMAB Jowgdwo bsfowrszgdols

Bdgd0 5(0L LELIM39 E0535BMET0 -

Method file D:\QCL.04.11 UV\Method\POL-SH.M (modified)
Last update: Date 22/12/2016 Time 9:47:12 AM

Information : Default Method

Data File

D:\QCL.04.11 UV\Data\Shorena\Bwigéo 15.11.16\PA-24Lm.SD
Created : 11/16/16 11:50:03

S
Sy
T
N YR YRR R Y Y
¥ Name Peaks (nm) Abs (AU) Valleys (nm) Abs (AU)
1 419.0 0.30235 329.0 9.1851E-2
1 e P poe aer
>
Method file : D:\QCL.04.11 UViMethod\POL-SH.M (modified)
Last update: Date 26/12/2016 Time 6:14:10 BM
Information : Default Method
Data File :

D:\QCL.04.11 UV\Data\Shorena\PVP\21.12.15\504H K10-1,8D
Created : 12/21/15 12:32:40

Overlaid Spectra:

<1060.

Method file : D:\QCL.04.11 UV\Method\POL-SH.M (modified)
Last update: Date 22/12/2016 Time 9:47:12 AM
Information : Default Method

Data File : D:\QCL.04.11 UV\Data\Shorena\BVP\02.12.15\48H K5-1.8D

Created : 12/2/15 18:17:24

“Absorbance (AUY
2 8
sl
e
7z
£
/
{
\\
\\\

| 8 fﬁ

| o S

| i i

L o /R

E ] \

| i ! "\‘

i s \ X
I . E.
| /

04 e y ~—
K et
o | R — : : : : ‘

= 00 350 400 50 500 550 600

+ Kame Peaks (nm) Abs{AU) Valleys (nm) Abs (A) c

1 407.0 1.73480 627.0  4.5803E-2

1 629.0  4.6277E-2 b rex

1 o es

Bob. 2. 39MEbwol  6sbm3mad3mbod

02
i = 8
o4
t T - T T T T T
LN — 1 400 450 500 550 600
¥ Name Peaks (nm) Abs (AU) Valleys (nm) Abs (AU) .b
1 415.0 1.12980 658.0  2.5259E-2 ’i;
1 621.0 3.5987E-2 s .
X 628.0 3.2921E-2
Method file : D:\QCL.04,11 UV\Method\POL-SH.M (modified)
Last update: Date 26/12/2016 Time 6:14:10 PM
Information : Default Method
Data File :

D:\QCL.04.11 UV\Data\Shorena\PVE\17.02.16\17-02-16 1.SD
Created : 2/17/16 12:43:35

Overlaid Spectra:

y

1/ 7\7"\
. . \
i T T S : ; T
250 300 350 400 4% 500 550 L
# Name Peaks (nm) Abs (AU) Valleys (nm) Abs (AU) d
1 438.0 1.55490 330.0 0.53859
1 var o e P
1

PwAi-ob  mo-L3gdBH®o  Lobsomegbg

59436900036 24,0 Lo-ob (a), 48,0 Lor-ol 989y (b), 500,0 Lo>-ob (c) s 2000,0

bor-ob 999099 (d)

d930L(ogwgo AgNPs-0b m33H0396m0 356599@HMm9d0L (33¢00gds GOMJo.

993600653, ®md LoLEYIs FMOZoKRIO  F9OMEs  Lobsmeng - Lodbgerol
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Mo 090degds  30MmomgdEIl, MHmd  3903bwol  bo@®msdo  36dEH03IMmo©
LEOMWHE 893005 095d30580%. M5 99b9gds Fmsbmddols dodlodmal oyo I30MmEYds
306390 500 Lor-ob gobdsgermdsdo =~ 407-409 63-0g, 9909y 30 9boiLOL
»d60d3bgem 330w gdsl  (Ms3  89odengds  JommomgdEgl  03sby,  MHmI
B56mbsfogrszgdols Bmdgdo Mo 49boiol 830Mg 335w gdsEMBIL. fygd-
o 1500 -1600 Los30sb, Fnsbmddol dogduodwmdo 0BGOgds s 2000 Lod-mz0l
50(93L 438 63-U. MomMJAol 5353MOMMs© 0fYgds BobmlimlidnbBools Mm3EHozmeo
1093360030l 93390000 T9030MYds. Ym39e039 b JgLodErms  B0IMOMYOEIL
Boffoems3zgool  saGaaoEosly s @edbbgowgdsHy. FOFwol  glggeBy
Dom3mgdboero 8530 Boergdo solGHMmdL 53 AMbOBEOYOL.
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9900929%0:  J0©gdME0s  56E0dsJGIM0MEo bsbmggmaEbarol 899339wo
3M33mBoEos PVP-b 35%5%9, 969M300L §ys6rm© ol Lobsmerol 459mygbadoom.

2 33039960 103 336030L FoBLLIBOIGW, LsFoMMYDOL Fgdmbza3580, BB BBMLYL3EBOL
356%5390000 5-10-xgM, oby, M@ bgabohyml Bzqbgds gmgowoygm 2 m3E03w6 gMmgmewdg
Bogangdo.
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50Ls60dbs305, MM ©EOL  LobsmErol  godmygbgdoo  AgNPs-ol  dormgds
396bMM3099dMw0s 306395. 0G0 BbMLMI396D0s IBILOIMYIMWO
99dGH®MmbMo  b3gdBHOmgBHMoom - AgNPs-ol  3esBdmboll  dmsbogdoo.
585L056 J0gd Mo B6MLYL396BOS FoBMOMBY35 FPAMIPMDOM - 3615930 S©
56 03330l 356599BHM9goL 1300 - 1400 Lo-0l (00mJdol 2 ™30L) gobdsgarmdsdo
msboll  3H9339MoGHsdg, o3 390L39IGHWL  bol  dob  3MogEHo3 M
3990y9gbgdsly 390306530, 339000 dM9H390Mdsd0, 8903069mdsdo s bbg.

2.2.  636mzggmsbarol 9993390 s6GH0d5gBHIMOMEo 3mI3MBoE do
5006353531960 30MEYAM30MGd50 30¢0gLEIMsT0EIJOOL s
3me0glBHgMHasMM356900L Logmdzgum by

33e930L  5bodbme gBH3Bg  LEdMToml  BoBsbo  ogm  AgNPs-ol
b6GH0dsgBHgM0omMo  3MY35MoBHgool  omgds  B3zgblb  Foged  30639wo©
LObMYHBOMGOEO BOMPYYMSPOMGOIO 3MEP0TGMHJOOL - 3 0gl3HYMHSTOOL
300qLEGYOToMEOMZBsL  Bogmdzgwby, 9bgeyool o0ogo  {go®ml - ol
Lobsools 2sdmyqbgdoom.

909bgo350 0oLy, MMd PVP 3560 9sL@s00mobomgdgwo 539609,
B56m3md3mbBo@ol  Fo@®modbols  Loboom  dob  98mygbgdsls  aosBbos  Gogo
3950103990, OMAMMHGO0EsS Foewo blbsmds goewdo (530ws@  godm-
0693bg0s B36Mm3mI3MBoEOL BoMOIB) s BPYXMIPOMYOSEO d969gds, o3,
dobo  fgoewdo  MbLbs®  Bm®Bsdo  gosyzsbol  Fgdmbggzsdoz 30, 396
MBOWB39YmRL B0MOL Bgs30MH0IL bsbmzgMbamol »iy3z9d o 3MbGHOM-
W00 25dMYgmRBL. 59990 2odmIobotg, wmy03 MM 0ym 99damad (3009930
3990239949690065 30M©YM90MGd50, Jmobmendo blbswo s fysedo Mblbsto
3m0dg6mH900, 390dm, B39BL dMOSGHMEO05d0 30039ws© LObmgHBO-MYdMEo
3mwogbBgmsdoo  (PEA)  ©s  3meogl@g@dsmomgsbs  (PEU), 6mymbeg

Q5059390 1L6(low), slingg Fowswrdmerg3nery®o 1L6 (high).
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30mogbBg®sdoo (PEA). gMmo  065-3m@ogl@g®sdoo  (8L6)ors-
(8F6)025 ), mIgeog 89@9ds 580bmaz53900L - L-argogobol (0.75 9me».%) ©o L-
139600 sbobol (0.25 dmen.%), Lgdsgobols go35bs s 1,6-39JLobOMEOLSSE.
506036990 356930 glB Moo, [oMmBmoygbl 3M939M5@) ,3MEoEgMIOL”
005356 3033mbgbBHL. 30TgMH0 MYROBHM0MGOIM0s LogoPmzgermls IHMAO,
X963M00gwMmdol s  LmEosIMHo  ©s330L  LEBoboLEBHMML  Lsdgoiobo
b5g80sbMdOL  Lobgardfiomm  GgamEo®gdol  LosggbBmdo  (bLsd3WMbswM
15950 90900L BoGgaOLEBME0M dmfdmds #N 003999, 24.X1.2010). 359mygbgdmero
30¢0039MHoL bodMom by 560l (Mw) = 48,100, Lsdmswm Gobgo - (Ma)= 25,600,
bergoem Bsdogom dsbols s Bsdswm GoEbgzol Mebsgsmmds (Mw/ M) = 1.87.

3mogLBgMdsmmgzsbs  (PEU).  3mwogl@ghhdsdomgsbs 89090
500b6m3g035  L-engoobol o  1,6-39dsbomemobogsb.  9dudg@odgb@olbomgols
39350mB0g0 ™G0 603930 - ,,dIIMEGINWNMOC S ,d50TMEG3MMO,
Goms  99339LHogws  3mE0dgemol  dmwg3Mwmo  fmbol  gogwgbs  AgNPs-ols
Po08mgdbol 30mEglBY. 99mygbgdmeo 3mEodgMgdol dsbsliosmgdwgdo sMHob:
»Q0505IM 3oL dgdmbggsdo: Mw = 8,500, Max = 8,300, Mw/ Mn = 1.02,
boeom ,0500dM@g3Oobsl” - Mw = 46,600, Mn =32,000, Mw/Mn =1.46

le) O
H H
{WN\X‘\X\)\O)\/N\ } PEA
) o CH, ?Hz
CIH CH

n

X=6 y=8
VRN
H3C/ NeHs HsC CH3
o) O
H H
[Y \XR O)K( \} PEU
° o o
CH CH _
/N /N x=6
HaC CHs HaC CH3

1g9ds 3. 33¢g35d0 gs3mygbgdmeEro BomEYAMIOMYBSO 3meodghgdo,
30¢0oglBHMsdoo (PEA) s 3mmogldg®dstomgsbs (PEU)
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5060360 3meodgMmgdo PVP-I dbgoglo xo3F3do 89039396 58060
X3IBJOOL SBMEHOL 5GHMIJOL, Mo3 9ME0wgdg0s 6bMbsfiers3gdol LEedowo-
Bo3oobym30L.  36083zbgwmgsbos, MMI  s©0bodbmeo  3meodgMgdol  ,Lodgb
0E0M3g05°“  298mygbgdos  5M5EGHMILo3M0  bogmogMgdgdo —  5T0bMIsogs
903060 @s sEoxgsGHMMmo bogmoghgdgdo - 1,6-39Jusbommwo s LgdsEzobols
957535 00090 63bM3MIZMBoEHddo  3mogbBgMedol  (,3MogcmaAl®)
5036036530, Gmam®3 C, PEU-U ©odsendmeng3mwmeedl Gmam®s — 1L6(low),
950539 y®OL — 1L6(high), beagom 39GEbarol bo@Mo@l Gmamms A.

gbMoo 1. 9du3gModgb@do odmygbgdmeo AgNPs-ob doliBsdooboMmgdgwo s396@gd0
(PEA s PEU), g96berols bod®s@ol (AgNOs) s s0dagbo 60300090900l (90sbmero)
{06000 0156585MEM930 s 3Mb396EGHMS30gd0

3meodgmol | AgNOs -ob
. Sogrodg®o, O AgNOs | EtOH, 3bg9b- 3b396-
Lsfgobio bsrgzo
PEA PEU (A), 3y e &®o300, AM3309,
J/0m J/0em
CrA: 1000 100 40 25 2,50
9db3geo-
396¢0L I | 1L6(low)i0A1 1000 100 40 25 2,50
LgHos
1L6(high)10Ax 1000 100 40 25 2,50
Ci0A2 1000 200 40 25 5,0
9db3gMo-
39b&ob II | 1L6(low)icA2 1000 200 40 25 5,0
LgHos )
1L6(high)10A2 1000 200 40 25 5,0

* 943900 069dbgddo 10 5060dbsgl C-ob, 1L6(low)-obs s 1L6(high)-ol, beagoem 1 - A-l fmboom
0565856MOL

993960089630 Hotr0dsMrms 3bOHowo 1-8o dmyzs6000 196308 Y3OMdom.
dm3zsbobgm  domgdwo  6sbmbmidgbBogdol  33wg3s  UV-L3gd@cmmligmdools
398myg9gbgdom s dg30Lfogwgom AgNPs-ob m3E03M0 3565393900l 330w gds
©Omdo. 9936036530, M LoLEBHTs IMH35CKRIO 25EOMPS LobsMEg-LodbgEOl
303U (3H™3900000 ©sdoom Lodbgwgdo).

9Jb3960396¢ 0L 306zgwo (I) bgMos. PEA 0sbsmdobsls dowgdwyero AgNPs-
ol 9w9dAHOMbMo  dmsbmddol L3gdBHegdo dmygzsbowos J3gdmom  (Bsb. 4),
booobs3  BBL, GmI AgNPs-ob  3eoBdmboll dmsbmddol  dsduodmBo  (Amax.)
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Lobsmwgbg sgm3b6900@sb 1 Lor-ob 9dgy 6oL 433 63, 7 bon-ols d9dgy 419 63,
bogom 24 s 72 bor-ob 99999 428 63, Mog b5fows3gdols byzdsme d30Mg Bmdgd by

3000mMdL.

Method file : D:\QCL.04.11 UV\Method\POL-SH.M Spectrum/Peak Report Date 31/05/2016 Time 20:25:45 Page 1 of 1
Last update: Date 29/01/2016 Time 9:05:56 AM SOLRCREI 30, 1 Voot DS

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 thod\FOL-SH.M (modified)
16 Time 7:52:34

\Coladerm\31-05-CON-3.SD

4 vy
" ,‘V h
33 | ——n
R “ \ ELEN| |
2 \ I \
15- \ g 25 r N
f i \
" Poa
N3 —fBh e 2
uj 3 e 5 %L\~\
j ] 3 =
5 —
S 300 400 500 800 i ) =l Bl
200 00 400 s 800 W
¥ Mame Peaks(nm)  Abs(AU) Valleys(om)  Abs(AU)
b Nam (am)  Abs(AU) (om)  Abs (AU)
1 433.0  0.55705 654.0  7.6721E-2
1 653.0  7.78838-2 341.0 0.39281 3 Sl S s A
1 pobe o poos es
Report generated by : Sh.Tskhadadze SAgnature: .uu............. Report generated by : Sh.Tskhadadze signature: .....
Method file : D:\QCL.04.11 UV\Method\POL-SH.M Spectrun/Peak Report Date 03/06/2016 Time 16:35:58 Page 1 of 1
Last update: Date 29/01/2016 Time 9:05:56 AM Coladerm 75 lssaob Byion
Thformation : Default Method
File : D:\QCL.04.11 OV\DATA\SHORENA\COLADERM\02-06-CON-1.SD
Graated & $/2/16, 20334131 Method file : D:\QCL.04.11 UV\Method\POL-SH.M
Last update: Date 29/01/2016 Time 9:05:56 AM
Overlaid Spectra: . o, 7
o - Data File 11 o 1.50
4 6/3/16 15:49:58
| 4 ey
i
[ o |
B s | \
2 i |
o2 ‘ |
i f \
‘i 2| 8
| ” e .
154 o
1 =
| S —
5 s
- —_— =
| _ o _ S0 60 Weseagh(m
60
i Name Peaks(nm)  Abs(AU) Valleys(nm) Abs (AU)
Peak: Abs (AU) Valleys (nm) Abs (AU)
1 428.0  1.75630 328.0  0.92593 t tew Saxs fuw) </
1 6590 0.97773 6310 0.97152 1 426.0  1.52900 327.0  0.75466
1 1 e pes
C : ol

Report generate d v B TRkadnde® i e s T Report by : Akaki Kalatozishvili SEgRature: «.eveveeessoncns

Bsb. 4. 3gMEberol 6sbm3mI3mboE - CuAi-ol Mo-b3gddmo Lobsomegby
©59m36900036 1 (a), 7 (b), 24 (c) s 72 (d) Lor-ols g9y

9009dmo 99ga900 - bsBbmbmldgbbools m3GHozmMo Lod3zemozol s
d096094dol dogdulodmAol 33e0Egds GMTo FoMdmygboos bsb. 5-%g (PEA-ob
0965md0LSL), b5b. 6-B9 (B IMg3mEmo PEU-U 0056smdolsl) o bob. 7-%g
(0505dmg3Oo  PEU-U 05bsmdolsl) (9du3900dgb@o  Bogos@otgo ™
356596 LYH0S).

OmamO3, bob. 5-sb Bsbl, PEA-0560 b655mLML3gbBools m3EHozmeo
1093360039 OMI0 MIBEIMB 0BPGds s sfgal FogdlodmAL oYM369006
X90760 24 Lor-ob 99dgy. 999amdo ©sgm3b900Lol blbstro mMsbsmsbmdom
000360935, M3 90990madL  b5Jos3900L 5990305l S IALBZOWGdDY.
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oflg9ds 390Ebol A5dME9d3s (FMFwol BL3gODY Ho®dmoddbgds dsg0 bognrgdo),
6ol 990939053 656M3MmI3MBoGHOL Mm3GH03wemo 10d33M037 MOHMIo F30M©IdS
(30BMIZzoL  350oMTMgdom X996 100 ULo-0g). 9Ju3gemH0dgbEol  3oMzgw
190580 EoEol Loa®Mdg 39MygmdlL 419-439 63-1 MO, berem 3sMoEgEm®To -
423-443 63-b ImOOL, Go3g JoPOoMIdL, MMI F0MGdMwo bsfows3gdol Bmdgdo

560l LOlM3ge O535BMbBJo.

Bob. 6-sb 30 BsbL, G  odsdmEzm®o PEU-U  056mdobsl
™33H03mcmo 109330M039 9Ju39gmH0d9bEOL OERTOIE MbPIMIB 0BEIds s
30639 99J396M0d96&d0 dodbodaAL s©F93L Lobsmergbg oymzbgdosb 24 Lon-ols

§56:3mogdbs bsengdo
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- @©
o w
~ - 440
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- 435
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S - 405 B
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5 - 40 3
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¢ 0,00 415 &
1 S
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o 6o (bo)_g £
306390 9M0s Q6o (bo) KRN
G0l Loa™dg 306390 = Bowol bogtdy 356mgmo

Bob. 5. 3903baol 6s6m3md3mbo@ CuAr-ob m3Gozm®o bodzzdogzol (D) s
90560gdols 3ogliodmBols (Amax, 63) 33e0Egds MOHMT0

399092, beenm 3565¢9gem®To - 72 Lssmob 9999, 99 EOHMOLLM30L 39MbErols
Bofoszgdol bofforo gedmegdowos, mdss Mm3EGH03mMo Lod33mo30L b
850633 godLoMEgds - 30MH39e bgMosdo Mm3EH03Mo 1Lodd33¢M03) 0BOEIYds ~ 1,3-
99, bmwm dgmeg Lg®osdo = 3,0 - g (Mg 3930060930y blbstols
399036935856 Abbgoo bsfows3gdols Fomdmdadbol bstrxbg), Moz 00 YdL
99b39603gbGHOL  5BLOMIBIM  296TJMMYGOOMBDBY.  9Ju3gMH0TIBGHOL  JoMH3gw
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L9050 Loy®mdg Bgeygmdl 466 - 486 63-1 IMEOL, bererm 3sMdEgEm@To - 437-471
B3-b FmOoL, o3 U939 FoMPOMGOL  SMBLIMIBIM  gobTYMMIOsMBILS O
3905609000 Abg0wo bsfos3q00L Hocrdmddbsby.

Gomol Log®Mdg 30639w0

3,50 - 500
A 3,00 e LN - 490 ©
= w r o P
& 2,50 7 N - 480 3
€ Z \ : ©
8200 /N N 470
¢ 1,50 - 460 &
€ AN C ©

L\_ N /r“./ - <
% 1,00 /’ = - LTI
c L, y 7 L 7 -~ * . -
2 \ e 8
€ 050 N — =~ — 440 g
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0,00 430
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©6H® (bo)
_‘-306)33@0 (ICTeN _.-306)0@3@0

" Boweol Log®dyg 35M5gwo

Bsb. 6. 3gberol 656m3ma3mBo@ 1L6(low)wA-ob m3@ozmmo bodzzmogzol (D) s
3056070l Bogdlodmdols (Amax, 63) 33Er0Egds MO™MAo

PEU-bL  05b65md0Lsl  m33o3mdo  1od3360039

0505 IMY3NW YO0
99b3960896¢0L  OERTOIB PBPIMB 0BPIds s 30639 9JL39M0T96E0
95JbodMaAL  50fg3l  Lobomegbg WYM3b69d0I6 7 ULo-ob T9dgy, bmerm
390oge)®do - 24 Losomol 89dgy (bsb. 7), 30639e LYMHosdo ™m3EH03MMo
1093360039 0bBMHPgds 1,43-00y, bmem Jgmeg Lg®osdo - 1,18-0g, ™mG039
99b3960896¢do  Bofiors3gdol BmEmIoMGdOL 30639039 Losmdo dmsbogdols
dodbodmdo  s6oL 441 s 432 63, 53 FoMPomgdL I3o6g  bosfows3gdols
§963mgdbsby, 990030 gMm36900LSL 30 b0 MbIMbMmdOom 033Mg3s
3906006905 3963bwols
99b3960896GHOL 306039  LgMosdo  GHowmol Loy®mdg dgMygmdl 441-489 63-U

d056mddol  dodbodmdols 933900600  QOBOES @

dmMoL, bowm 35Mowgww®mdo - 432-487 63-U dmMob, Gog Jommomgdl sB939
0O BMIoL BbMbFos 3900l Ho®dmddbsby.
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$5Mdmogdbs bsengdo

N I P
82,50 y\ r _— ;480
7\ N\ o 470

AR\ »

- 450

)
w
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9 (D
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®3303vHo Lod3zmo
G
o

9m5bmgdol dogbodndo A, (60)

== 440
0,00 - 420
0 20 40 60 80 100
6 (bo)
== 306390 g0 == 35(5)0
Gowmob bog®dg 3060390 —=— Boolb LoR™Mdg 35(5¢gEO

Bob. 7. g3ghbeol 6sbm3zmddmbod 1L6(high)iAi-ol m3E03m®mo Lodzgmogol (D) s
3005600gd0l 95gds0FTol (Amax, 63) 33¢E0MYdS COGMTO

900900 99wga900 330839690L, MM dglfogerow 3mwodgMgdls Imeol
AgNPs-0ob 390090  dsbEod0oboMgdgwos PEA, ®mdgmois 5353060MmmM@s©
0dwg3d  NROM  dEyMeo  999agdl. Moz dgabgds  PEU-UL  (Gmamés
Q©0IINWYIZNW YO0 5b93Y BRI INIINWMO)  bogwgds©  9BIIHYOO
50dmPbbgb, MHmymez AgNPs-ob Bsdmygowodqds - LEsdowobszool, slg3g
3900929000 245639mOMBOL MZ5¢LEHBOOLO.

d9Lsdsdobo  T9damdo 33093900  39353M39wqgo  PEA  05bsmdobols
90090 656mbsfjogs3gdby. dgzolsfogargm PEA-ob 0obsmdobsl domgdmeo
B56mbsHogs3gdols dobslosmgdewrgdo obsdozm@mo dmdysdbgdols dgommeobs (DLS)
@S BHMBLIoLOMMO gargdBHOMbMEo dozmmlzm3ool (TEM) asdmygbgdom. DLS-
00  2563L5B3M0  BbMbsfowszgdol bmdgdo s BmBomo  gobsfoergds.
©53500b9m, OHMI 9mbmols blbs®do Bsdmyswrodgdmo Bobmbsfowszgdols
Lodmoem Bmds sGOL 50 63 (Eslbogzgdol MM - 24 bm), 3mEWOEOL3GOLOWW MBS
30 - PDI < 0,16, ©5g 00990000908 blbo®do b56mbsfioerszgdol  Lodwmomm
390650 qdsbg (Mean distribution).
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d01bgs35 030l MM Bobmbsfos3gdol bydmsem Bmds dsbolsbmzMs
50 63-0l GMeo, gU 96 odMMOEbO3s, MMA boffoers3zgdol boforo ymaowoym
Lolm@gzgero 10 63-Bg 6530900 BMAol. TEM-om 9583309350 0o5oLEGH¥Ms, HmI
Bo6g3do Lozdoms 10 B3-Bg bogergdo Bmdol bsbmbsfowszgdo (bsb. 8), 6o

39bLsBM3ME3L F0wgdo 3MB3MBOEHOL Bowow 35JGIMOE0NI 5dEH0ZMdL.

T .'..z?:: 2;0()__5'._;" ‘
6ob. 8. TEM godmlisbomemgds 3963baols bsbmbafiogrszgdo (Lbgsmalibgs 390000gdsbg)
8009005 BmGmgodon®o (®ol Lobsoerol) Eslboggdoom. Esliboggdol Gm: 24 lson

0900939%0:  Jdogdmos ©@d  dglfegwrowos  9bEGH0dsdBHIMovIero
Bsbm3z9MH bl 99933390 3m33mB0EHGo0 doMPYAMOMgds©o PEA-LS s PEU-
ol LsxMAzgEDBY. 3060390 FodmYgbgdwyro domYYMI0Mmgdoo PEA o
PEU ULsfgol, 39603beols boffoszgdol i3m®domgdol  gBodbg  bsfowszgdols
3L 3OdOWODOMmYOIE  3ME0dgMHYds©, bmwm  LsdmwmMmE 3o  FoGMmodugdo
doBbMdM030  B0M3MI3ZMDBOEJOOLIMZOL  (Foogds  MImorm©  Latgodaom
65693900L 259mg9gbgdom, om0 gobEow 393900l s TEHJO0MO FT53930L
390989).  ©935003069m, Mmd PEA-bs s PEU-bL dmGol  3963baols
Bobmbofogszgdols  Lomzgomgbm  FoLGod0woBoMmgdgos  PEA,  ®mdgwog

5053006OMMWO© 03935 29689MmMgds 999a9dL. PEU 6530090 9339d3Mos
OMamO3 3903boL 656mbsfoeszgdols Bsdmysmodqds - bEsdowoBsEool, slg39

20



390929008 BGod0WgMHMIOL  MZowlsbMHobom.  Fowgdmwo  bsBbMLML3aEBos
©HILOSMPIMWOS JargdBHOMbMwo 139dEBHMIO0m - 39OHEBWOL Bobmbsfowszgdols
3@oHImbol  dmsbmddom, @obsdozmMo  8dasdbgdol dgomooom (DLS) o
G®5BLIoLOWGO gEgdBHOHMbMwo dozmmlzm3oom (TEM).

9Jb39M0dgbBol  dgmeg  LgGos.  9Ju3gModxbEOL  dgmég  Lg®oo,
306390Lsb goblibgs3wgdm©s FBMWME ©sd53HJOIEmo 3903l bo@®mad ol
(39Mm®3s90eo - 200 dp) MomEabmdoom (ob. sbMowo 1). s0bodbmwo
99b39609bGHOL  30M3Z39E0 S 9MVEGEMMO  B0dMIGdOL Q59O 06O o
39092900 83999905 Bob. 9-Bg. LooobsE BBL, BMT 3060390 7 La-0b Yolgerol
3999y ULsdogg 3mer0dgMol d90mbzgzsdo 39MEbo bsfows3gdol oo bsfowo
3o9moengds.

™3¢03760 109336039 D max

;

330329600 Lodzzmogg (D)

\
\

\

\

g $
§ U
4,

I Ly - LY (S —— tt ==
0,5 Y 1L6(low)i0A2
0 6sgwgdols Ho®mdmgabs
0 20 40 60 80 100

O (bo)

Bsb. 9. 3963beol 656m3MI3MboGHYd0L CroA2, 1L6(low)wA2 s 1L6(high)ieA2-ol
03303960 108330030l EOHMBMG ITMI0EIdIMMIds

6560 333mB0oEgdol CioA2 s 1L6(low)i0A2-0l d9dmbggzsdo m3EH03960
1093360039 BodbodMAL SPFI3L LBobsmgbg ©oym3bgd0oEb 24 Lom-ob, bmewm
Bsbm3md3mbo@ 1L6(high)iA2-0l 9gdmbggzsdo 30 ©oym3bgdosb 48 Lo-ol
3990099 59 OMOLIMZ0L 39MEBEOL bofos3900L oo bsforo Asdmergdoeos,
09935 M33H03MM0 1033600308 BEOS 5063 BoJLOMYdS. BbM3IMIZMBOoE CioA2-
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ol m33039M0 108330039 0BOYds = 1,1-09, 1L6(Jlow)10A2-0b = 1,8-009, beagom
1L6(high)10A2-0b = 0,8-009 (G55 890dwgds 3538060900 ogml blbsMol
3990369358056 Abbgzoo Bofioers3gdol Fomdmdadbol botrxby).

Bob. 10-qsb 30 BsBL, M 656m3MA3MBoE) CioA2-0l 999b393530 Goer@ob
bog®dg 99Mygmdl 430-489 63-1, 1L6(low)i0A2-0b - 483-493 63-bs s 1L6(high)iA2 -
443-487 B3-LL IMEOL, O3 S1939 B0MOMYdL 390 bl Abbgowro bsfowszgdols
5MLgdMdBY.

(S
o
o

) 493 e~
B 490 - . . I
j !V 1L6(W / S S 489 487
480
s 7 7
B 470 =471 /
% /
2, 460
3
2 0 106(highyay/
S 440 48
3
8 430 -+ 430 CioA>
3=
420
0 20 40 60 80 100 120 140 160
06 (bo)

Bsb. 10. 39H3EbeErol bsbmamadmbodgdols CieA2, 1L6(low)iA2 s 1L6(high)i0A2-ols
3005600gdol 5gdlodMols (Amax 63) 33E0Egds OGMA0

99396039630l gmeg LgM0ELD Fogdmwo dgwgagdo 30P39690L, H™A
bsdogg  3me0dgMol  dgdmbggzsdo  39MEbwol  Bo@®mo@ol  Qom®Toygdmends
509bMdsd godmoffz0s 39MEbOL bss®Mg30 2odmengdas, M3 30093 9OHPbYW
5395090l WoB M@ e dmbs3gdgdl  0dol  Tgbobgd, GMI  39OEbol
Bobmbsfoszgdol  bmdgoo s  oL3gOLYEMds  (gobsfogds  bmIgdom)
©53M 300093905 blbsMdo 39M3bErol 0mbgdol 3mb:39bE®30Ls S S0Ygbol
3060md90bg. 39603bwol  0mbgdol  odowo  Lsfyolbo  3mB39bGH®SE00LL
Po68m0ddbgds d306M9 BMAoL Bobmbsfows3gdo; bsfowmszgdol Bmdgdo oMo

3960350l 0mbgdol 3Mb39bEHMSE00L BOILMD gHMo.
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d90930:  IgLfogeowos  Bobmggmabarol 9993390 3m33MmBoGHgd0
00MIYAM3©0M9ds0 PEA-LS s PEU-ob Logwxd3gum®g, 3963beol bo@dMo@ol
39BOOWo MomEabmdom, UV-13gd@HOmHmlizm3dool gsdmygbgdom. 35030690,
Mmd 3903bwol Bo@Mmo@Gol 3mbEgdMmo300L oD 9M0g3gdEM0s, MMM
390350l 6sbmbsfos3gdol  Bsdmyowodgds - BEGodowobozool,  sb939
390093900L 245639Mm65MO0L MZ5¢LsBOHOLO.

2.3. BsbmgzggMberol d99:339e0 563085gGgMm0omo 30m33mboEgdo
300JRM5E0MJO©0 3m0gLBIMF0EOL s 3meo-N-30b0¢0-
306 mombols bs@Mgzol bagwdzgummBy

Pobs 3309390000 ©535000b69m, GMI JgLfogerow 3modgMHgdl TGOl
AgNPs-ob  bom3909bm  3sbGod0woBoMmgdgeos PVP, bmwm  s9mygbgdmen
d0MEYFMOPOMJIS®©  30dgMgdL FmMol, MmO AgNPs-ol Bmdol, 51939
390929006 LAHIBOWMOMOOL MZowlsbMolbom - PEA, GmIgwog sbOwamgdl
AgNPs-0b 35b3500@0B0oMdg RMbJ30sL, Foa®sd 533505 BsdmMBgds PVP-U.
50239650, 9OH»0 IbGH03, PVP 560l 356030 sli@o00mobo@gdgeo s39b@0, dogsd
030 530y 0blbgds Pgoewdo o  b53engds  FoLomgdos  FoBHmoJuo
000 3033mBoEJOoLIM30L, bmwm Tgmeg dbGOZ, doMmEYYMIOMgdso PEA
Bo3ergdo 989dGHMM0s OMAMmOE  BsbEHIO0EODOMGOJO  539bG0, TogMsd o6
oblbgds §goe8o s 53 M35LsBOHOLom PVP-056 900690000 bsllomgds
1306053 Jumdom. 5939 PEA bosbosmgds 89990 330L9098000: gosbmerdo
blbomdom, d0MI)M93LgdIEMBOM, BOMPIHMIPOMYIOIPMOOM, sbE0TNYPOMmYOL
Jumzool M9969Mo3sl, 89agds 5MoGMJuozMmo 3ma3mbgbEgdoligsb s o4l
1306HsOIMJdbol Mbsto (Jabol »MRMM, 2593306M35¢mg s dmdbor FoOU).
50b0dbmEols omzsolfjobgdom 49s30Yy30@ 9o 98 3mE0dgMgdol IEIdOMO
30L90900L Fgmfigds - 5649 om0 B30l godmygbgds BmEMJodowm®mo S0YgboL
dgoomom  AgNPs-ob 999339000  00m3ma3mBoGHgool  dobowgds.  badgzdo
300qLEIM5F0L (5,300 gMAL) 50360dbsgm, Omymez C, PVP-U Gmymeg -
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P, bowm 3963bol Bo@Mo@l Mmam®mag A. 39603bwol  Bo@®Mo@ol  (A)
0993390™ds  656M93d0 o33 gdm©s  5-sb 50 9y-dwg, bmewm C s P
303306963900l 9bsgzsmds (50:50) s gmsbmeol dmEmermds (20 dgn) ogm
dmdo30 (gbGowo 2).

59939650, B3960 35690 3me0dgMIemo bsegzol gMmo 3083mbgbEo
- PEA 005603905 b656m3m33mBoGl d0m©gaco@ozool mbsdl ©s go®ol
9053060056 AgNPs-ob (Y393 29dmgmxsl, bmemm dgmeg dbGog PVP-bL
9993565 MBOMB3gymRs  bsfoszgdol M39mgls  BMOIoMYdIl o
30dgOH0o 656930L 1EHOdOEOBS30L.

gbMogo 2. gdudgmogdi3gmodgb@Gdo as0mygbgdmeo AgNPs-ols 3sliEsd0moboMgdgeo
5396900 (PEA 5 PVP), 396 3bamols 6o@®mad ol (AgNOs) s sedggbo 6ogmoghgdols
(90256mg0) §jmb000 15658356MMdYd0 ©s 3Mb3gbEMsE0gdO

bsfgobo 3memodgco, 9y AgNOs | EtOH, 3modgeols AgNO:s -0l
BsGnac® (A), By o 3Mb3963®o30s | 3mbEgbdMmsgosd
98" | PEA (C) |PVP (P) ’ 3/ 3/8em
CsPsAs 250 250 50 20 25 2,50
CsPsAos 250 250 25 20 25 1,25
CsPsAo2 250 250 10 20 25 0,50
CsPsAot 250 250 5 20 25 0,25

* 93905 06@ydbgddo 5 swbodbagl C-ols s P-ob, bmerm 1, 0.5, 0.2 s 0.1 - A-b fmbom
0565856HMBL

dm3sbobgm  Jogdmwo  Bsbmlvmlidgbbogdols 33wgls UV-b3gd@emmbl-
3m300L  a58mygbgdom s dgzoLfogargm  39MHberol  BobmlmdgbBogdols
Po63gddbols Mm3GH0o OO MM @S B0 FEYMIOM™dS M3BH03MM0 1od33¢M030Ls
@5 3eoBIMbol Jmsbmddol FoglbodMIol (Amax)  (330Egd0m. gl Imbo39dgdo
Bsbm3md3mbo@E - PsCsAi-ob s PsCsAos-ob  fo@dmeggboeros  bBob. 11-%g
(00000M9gwo 656m3mI3mboEobomgol gdudgModgb@o BogzsGscmgo mGo LgMos
@S oMM bgmosHy ®mO - MO0 350w MHO (3005 300506
39659 )MH0(3JO0L dMbo(39990L GOl goblibgeggds 56 5©gds@GHgdms 5 - 8%-U,
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Bob.  11-%Bg  §oM3mygboos  356owgumMo  30900L  2oLTYISE9dMEO
dmbs3999%0).

3 - 470

457 457 460
'/.":::<:-~.
. 7 =~ .
CsPsA1 - Dmax=1,84 ‘-

-~

N
(%]

- 450

N

= - 430

@3¢ 03960 Lodzzmogzg (D)
— [§)]

- 420

o
w
9 560ngdols Dsgbodvydo Amax (68)

- 410
6 7 8 9

o

0 1 2 4 5
©OHm (bo)

- OXD) —— D)X == ** *Amax (3)(1) === *Amax (68)(2)

Bsb. 11. ggMEberol 6s6m3ma3mBo@gdols PsCsAi-ol ©s PsCsAes-ol m3@Gogw®o
1503336030U (D) s 807560gdols F5gdiodmdols (Amax, 63) 33e0Mgds EH™T0

O3 Bob.11-0sb BsbL, mMogzg 65bm3mA3mbBoEol (PsCsA1 s PsCsAos)
0330300 1093360039 EOMI0 MBPIMB 0bBEYds 30M39wo 3,0 bor-ob (PsCsAi-ob
Amax 5600 1,84, boewm PsCsAos-ob - 1,78) 256853c0m0d500, 585bmsb 3,0-sb 4,0 boo-
g ™33037M0 109330039 0(33WYds 830M9E. 999ymdo sYm3b69d0LSL blbsto
056omsbmdom 08030935, o3 80mMomMgdL Bofogrs3gdol  sMgYOE0dLS s
©33lbgowgdsaby.  ofjggds  3gOEberol  yedmergdzs  (FOIwol  BLIIHBY
Dom3m0ddbgds dogo boergdo). 39MEbEoL 25dmengdgol asdm Bsbmbofowrszgdols
30639635305 s,  Fglodsdobo, bs0g30l  m3Gozmeo  1odzzmo3) M™Io
9306M©Jds (oBMAz5L 35§oMTMgGdOm 8 Lm-0b gobdsgermdsdo). 656m3MAZMDBOE)
P5CsA1-0b 3enoBdmbols d;sbongdols sdboddo (Amax) 990ygmdlL 421 - 457 63-U
dm60ob, beaeom PsCsAos-ob - 429 - 457 63-b dmMob (6039 99000b393500 00
Lofigol 9Bo3BY - 1 Losmosbo gdudmboigool d90gy), Mog domomgdl, ™I 3-4
bosm0sbo  9JudmBogool Fggao FoEgdMwo  bsffos3zgdol Bmdgdo  sMOL
390569000 ©OEO.

25



3obLbge390Mo LGMsmo 803009 PsCsAcz s PsCsAer 90mbgg3sdo.
39606bwol  boBMo@ol  dswo 8993390 mdolsl (0.5 s 0.25 3p/0ew) -
99L3mBoEEoL M3GH0TsWMOHO O™ 5 JOE0WJO0m FgAHo SIMBBbEY, 30069
39603bwol Bo@®mo@dol dswowo 999(3390md0LOL  (b5bm3mI3mbo@o PsCsA1 o
PsCsAos - 2.5 o5 1.25 9p/0¢m).

656m3ma3mboBo - PsCsAo2-ol dgdombggzsdo  (bodb. 12), m3@ozméo
1003360039 96MbEMgEs© 0BEYds ©OHMIo s Fogbodxmadl (12-15-U5) sefggL
©59™369000s6 336 Lo - ob (14 EEOL) 9999 S F0MOMYIL BsbMbofowszgdols
§o8mddboll sdser LoBJoBg (B3 LOLWEOZ9W0s, GIMS 56O dmbEgl dsmo

53 ™39M(309).

18,00 CsPsAgy (1)- - 500
a 16,00 Dmax=15,57 = ; 490 cg
= R | I imii—— - 480 &
8 / CsPsAg; (2) - Dmax-11,84 £ 2
& 12,00 e - 40 g
3 10,00 - - 460 5 %
o max (0 Nmax ()= |~ _— 2 3
o 800 436 - 550 R E
& /// NN : &
Q 6,00 /‘;/ 1\11111&\1)—429 - 440 3
g P mwm = im i eimam g g
D 400 ——f S e == S5 | 40
€ . 2) = E

2,00 pro Amax(2)=427 P 420

0,00 - 410

0 100 200 o (o) 300 400 500
D(1) D(2) Amax (1) = == Amax (2)

Bob. 12. 396 3beools bsbmzma3mbo@gdols PsCsAoz-ob m3Gogmmo bodzzmogol (D) s
95bmgdols  oglbodMmBol (Amax, 63) E3WOEgds ©OMIo. FoMImEygbowros ®Mo
35 ®o 3oL 39©ga0

990030 ©gM36930LsL  LobosmE By  bbMLML396boOl  Mm3EH03MMO
1093360039 ©OMTo 3F0MEYS, 35MVWYIMSE bLbsMO 08036935 s 0fygods
39603bwol  250megdzs.  slLsbodbsgos, MMI 98 39gHomEolsmzol - ©@s gu
3Mdgwgds  Logdom@  bsbl (500  Lo-Bg IgBHL), boGgzol  39MEberol
656m3ma3mboGo - PsCsAo2-0b y3gMbs@ob@ol x39bol dmsbmddol dsglodsmdo
(Amax. 63), 560L 427-429 63-b D3™MYddo, M3 F0MOMYOL 3 Bgbsdo LalivyHzgwro
Bmdol 656mbsfos3900L sOLGdMBSBY (F0bgI35 Fodmegdowo 39OHEbOLY).
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bogoem 656m3m33mBo@o - PsCsAoni-ol d9dmbgggzsdo (bsb. 13) m3@Gozmmo

103336039 @Omdo s 3ogdbodmaAl  s>©fgaL

31939  39BMbOgo©  0BYds
©59™369000s6 480 Lo-ob (20 EoL) d90gy. 98 Jgdmbgzggzsdo (56 g39GmEberOL

3993390mdoLsl)  Bbmbsfons3gdol

Bo@Mo@ol 300093  MBROM  dSO

RMOI0MYds  J0dEOobsMgMdL 30093  NYBROM VWO  LBoBJsMom,  MYBY3

393939 90L M330329M0 1Lod33M030L dso 60Tz EMds (<1-BY) ~ 10 ELosbo
9Ju3mBoiEool 8909y ©HYgdMo 53 39M0MPOEIL  bsMg30L  Mm3GH03MEM0
1003360039 83390005 0DMYdS (8990 4-5 EOOL 4563530 MdT0) s >©F93L
d5gJubod«xadl 99dymdo 6 oL, 96 %5380 20 ol (480 Lom) gdudmBogools
0909p; 0990amd  39Momdo 3o doosh  »dbodzbgrm@ 9306 Yds.
L50BEHIMIUMS 5©00b0TEML, MM 5ToLMSb I3060©Jds FsbmJdol JoJbodMAoE (Amax.

63), 421-429 63-00g, ©o3 F0MMOMPIL LOLIOZgo BMTol Bsbmbsfowszgdols

Dot3mgddbsby.
10,00 500 y
— i, - m
a CsPsA0.1(2) - Dmax=7,07 490 g
5 8,00 - 480 <
¢ A(1)max=4 e . S
€ . (1)max-464 s e . a0 S
D 6,00 4 E e i ©
® - 460 ¢
S a . CsPsA0.1(1) -Dmax=7,00 = A
\% 4,00 A(2)max#457 .= S— - 450 2 g
s 'S, - 440 =
3 S e M1)max=429 S
g & . s
_ AM2)max=421 = | 420 9
0,00 410 Eg
96 196 296 396 (s0r) 496 596 696
——D() ——D(2) Amax (1) - %~ Amax(2)

Bob. 13. 3ghgbeol 656m3md3mboEgdol PsCsAci-ob m3E0o3n®o bodzzmogol (D) s
dsbongdols  AsJuodmIol  (Amx, 63) E3EWOEYds ©MMTo. FoMIm©agbowos ™GO

35 ©o 3oL 39©ga0

50Lsb0dbs305, MMA Fobmddol  doduodMIol  (Amax. 6d), obmbEgEo
399306905 b569g30L 30033Mb9xHEZHGOOL Wb MbsBIMMBOBSL, Tgodegds
80990019098 ©OMTo  656Mbsfiors3gdol BmIgdol gosbsfowgdsBy MRO®

dgotg Dmdol  Bofiorszgdols Homdmddbols FodsMrmnegdom, o3 FgodEgds

27



Bogmzgommm  sboww, ©Egdg  FgmLfogwrgerr  Bmgzmgbs. 3603369 mgsbos
MImM39 oL BodBHoE, MmI  Jguhogwrowo  bsbyMdwwozmdolsl (30 ©Y)
3M330mbgbGHms  50b0dbME0  M9bsBIMEMBOLS s 3MB396GHG 300l (PsCsAo.)
656mLML3g6Bos 0gmb LEsdOE MO s 56 g0b0dbgdM® 3gMHEberol Aodmergd3s.

TEM-ob  g09mygbgdoom  (595BJo0rgdgero  dsdgs 80 qoogds  75,000)
9930Lfo3wgm  s0bodbmo  Bsmgzgdol - PsCsAcz s PsCsAor Logdgzganbyg
800909 BbMbm3abBogddo AgNPs-ol bmdgdo.

»

Bsb. 14. 3963beol 6560 3ma3mboE CsPsAvz2-ob (a) ©s CsPsAci-ol (b) TEM
390mbsbmmgds 39MEbeol 6sbmbsfogszgdo (6sBggbgdos fomgwo olitgdoom)
3009dos gm@Gmgdodor®o (ol Lobsmwmol) Eslbogzgdom

TEM 25003309358 ©5500obG«eo (bob. 14), G®mI mMogzqg bodggzdo bozdoms
<10 B3 5 bBogargdo bmdol bsfowszgdo, MMIWIdoE, oG MoEOH Ko
9mb5399990L 965HTo, 9b330MM39d96 AgNPs-ol 05J@gM0E0MI 59GH03MmdL.
656m3md3mbo@ PsCsAo2-do AgNPs-ol bmds dgeygqgmdl 12-33 63-ob gsMawgddo,
bom  65bm3ma3mbo@ PsCsAci-do - 8-39 63-ob goGpmgddo, Moz 90mbggzs
Bg0mm dmyzsboer UV-U3gd@®mmbizm3dool dmbsigdms Logdzgemdy 45390090
©ol33b690L.  GMmameE  dmbowmEbywo  ogm, dogdme  bsbMm3MIZMBoEHdL
509mBBsM Fo0oe0 B5JBHIMOEOPNIO 5JG03MdS. F00JOE0 BbMlmldnbBoy-
d0L  (PsCsAo2 @5 PsCsAci) sbbodoo a3, 30060HMBmdM® Bgedomdg s
1B30MOHGHOL SO 35dBsIM 390 EbOL BsbMbsfos3900L 993390
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656m30m3m33MBoGH Mo BoMgdo s Fg30Lfiogwrgo in vitro ds5dGH9MOE0Y0
5JBH03mds 8909y 8@9090%y: Staphylococcus aureus, E.coli > Bacillus cereus.
dE096M0 56EH005dBHO0Mo M30193900 MGO039 bsBMIMA3MBOEGHTs Q90M3e0bs ME
9300%y:  Staphylococcus aureus-bs ©s E.coli, bomwm ®omddol s659139J¢m6eo
50dmPRb9b9gb Bacillus cereus-ol d0dsO®. 50606 doJBHIOOMo TEHodgdo
56056 JoOMaomwo oblEGMmmdgh@Hgdol s 1939 BYI3oMHIo FHOWMdJdIOL
©50063MH900L oMo Hgoerm.

0900930: 53500690, MM Lofyol bs6rg3d0 396G EbEOl  Bo@®odol
(om©Ybmdol 93060905 byl MFymdl d3zomg (LobyMgzgaro) bmdol AgNPs-ol
Po68gddbsl. dowgdmwo d9gagdol LBoxgwd3zguwbg dgodwrgds 39133690, MH™I
Lbobsonewols  dmdod  BmEGHMmJodommo  5©ABoLLL  gosbmerol  s69gdo,
3oL BHO00E0H0MGOg 5396@9©0 PVP-Uo @5 30Mm©9a6Ho006905000 530bMm3s9396M0
PEA-U g580mg9gbgdolsl, LolvmMzgaro bmdols AgNPs-ob doboswgds 30605EgLbos
39603bol Bo@®mo@ol sdswo 3mbi39bGHMs3os (0.50 - 0.25 9p/den - Bscgzgdo
P5CsAo2 @5 PsCsAo1) @5 9JudmBoigools domowo boby®dawogmds (14-20 ey
LobsMg-LodbgOl  303eoL  domzsolfiobgdom), bmerm  Gog  Fggbgds
39603bwol bodMo@ol dsmso 8993390mdol 656m3m33mBo¢) - PsCsAos-U o
PsCsAi-b Bogargdo  9839JGO0  508mBbbgb  AgNPs-ol  Bsdmyorodgds-
BGOBOEOBI300L MZ5eLIBOOLOM (0deg3096 MRGM oo Bmdol AgNPs-ob
399339, 565LGHd0E b5BMLMI39EH0gAL). J00gdYo BobmlivlidgbBogdologsb
(PsCsAc2 @5 Ps5CsAo1) 9395950090 3903beols  6sbmbofogmszgdols 99d;39wo
Bs6md0Mm3mI3MBoGH Mo goMgdo,  mMm03g  bsbm3mI3mBoGds  dwogeo
0543H9M030ME0 ™30190900 odmMogwobs Staphylococcus aureus-Us ©s E.coli-
b9, berem 5099839JG M0 508mhbgbqgb Bacillus cereus-ols 3035G00.
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3133960

1. 5350053900  9OHDLORIHYOH0560, 05830 @S  BsOEH030  BmEMJodoOHO
50960l 8900M©0 EOL LObsMN O godmygbgdom.

2. 80300900 ©5 d930LHoggom s6EH0dsBHIM0o BobmggMbarols 8993390
30330mB0E0s 3m0-N-3060¢-3060M0@EMboL doByBY, 9bgMaool Hysmrm® @Ol
LobsMIWOl A59MmYgbgdom. SELIB0TDS305, MMT OOL Lobsmerols gsdmygbgdom
39606bwol  bsbmbsfioes3gdol  domgds  Aobbm®E0gwgdEos  30M39E0.
300900 B56mbm396%os ©HOLOSMYOIMWOS 9 9dGH®MbMero
1394 GHMOMAYBHO00m - 396HEBWOL 65BMbFows3900l 3esBIMbOl Fmsbmddoo s
399006B 735 FAMIOMIOM - 3M5JGH03NWHE 5O 033l 3565d9¢MgdL 1300-1400
bLoo-0l  (0o0mddol 2 m30l) 2963s3wmdsdo  MmMIbOL  Hgd3gesdMoBy, M3
396L39JAHML  bol dob  3MogdBHozmw  godmygbgdsl  dgoEobsdo, 339000
969039 d580, 3903069mdsdo s bbg.

3. 9009005 S gLfegerowos s6EH0dsdEHIM0Imo bsbmggMsberols 999339wo
3M33mDoGgd0  d0MEIMoMgdso  PEA-Ls s PEU-ob  LsgwdzgwmBy.
306395 MO 259MmYygbgdo d0MmYYMI0Mgdso PEA s PEU ULsfyob,
3963beol Boffoers3zgools xmOHdomgdols 9393%Y Boffoens3zgools
AL BHOd0OHBOMGOg  3Me0dgMJds©, bmwm LsdmemmE 3o  ds@GHMoglgdo
doBbMdM030 d0M3MI3MBOGHJI0LOMZ0L. ©O35H0bgm, Bmd PEA-Ls s PEU-L
dm6ob 3963bEol 656mbsfoszgdol Lowmzgmgbm FoLEsd0WobBoMmgdgwos PEA,
HMIgoE  535300MOMMWS© 0dwg3zs 296dgmMHgds 99gaqdL. PEU bs3wgds
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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
of AgNPs. Nanocomposite films, containing AgNPs, were prepared by pouring the
nano-suspensions on smooth hydrophobic surface and evaporation of alcohol. Further
the in vitrobactericidal 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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