S g g Cadlad g (15 e Jawily (w5 9
& i gt © 58 O 43 il

"ol 318 ygo* S iov Lo yedé ¢ (53948 ez ws
o.&._n_.ﬁ___:

3 B ol 3 g 50 &l 53 9300 (o35 canal g Cunan b dlauly 49 (59 90as SleMs! tAOARD
43 00l Jieu gas 0 ) O )3 580 (ol g Jaeiliy 9 SanS 5 ghaes Sl oy 3 pBla B9 5
.3 92 (Cassia fistula) u gl oL T o leac dliuy

4 4 S a gl 0LiS 0 930 (3 o jluae 9 0 A O i Y ghas gl (ass T oW ) 3 (W9
Sl gy dbime g 4 0,80 Ol 53 5l sl 5 J glane Sy il ) iy i gl )
=AY o gSn g Sae i g s 1S g pSae Al Sl 585 5 OBl 2 (5 ey 39 9 Sl
I 0t il aalal ju .38 S 1S ey g 990 Ligy 595 (S3SI i (505 5 sy 9ae
Ol 53 315 S 65 g Corisli Cualgh 59 g el ooy g sl 9 90T diiug ds sl g5 3 930
i oy g3 cselea YA oYY slagiley o 4T Jdolwouy 59, 3 080

083 &l 53 3L ual 93 owias L 4S ik oualdie Cielew V# 3 s Jolae Koy yaads (LBl
A3l 5 usl dnddl (4B 3 o5 yio 938 g YiSaunl SLa(y go 3 dlacu g a0 B Gl 53 3L guds 0 g8
Gl s 8 58 padddio 9 Ssaling 3-8 (0T il il (5 gae (B9 S G g g Ss
AS ala Lkt yaul 9o 3T galis uiicun yia g3l ¥/0 (I W/F 03008 ju oud aul g3 &l 53 gals
WA s QLD 393 5 (50 cold Glalejl 3590 GLASS,) Jf S s yu 0 &l i gl
il g Sau 55 ghacs (51 (51 ek Hiiengus 313 930 45 3 a3 wasls MTT (5031 (psianan
Aahead g

o g5 o 0, O 53 93U S 093 O 3 Sha dsdllans (il alih (S g AR 9 Som)
Bl Ol il 48 wia pa w9l T ke (950 9 palius ju suliied] O caalie 43S S Gl g
538 18 andlia 890 (5 55 3289 Oy geo d Camly o0 0 A Ol 53 5318

a9 g o198 215 g 0903 ¢ Jiiaw g <0 433 (113930 1 Suls” Dlods”

(P Judoano VAV les gl 0 losds oty Jbw) Lles Oloss 9 31wl cuiblags o151/ Upwo ol (g 3 (sole doliliad
A/0/V) 2 Gb 3y b AF/PIVY 28l s )b

(95 SiPeSSsn Al (Wl gemaily
SisSSan (lehibd 058 ply o8 (oll (0l
oyl g ply ol (ol ol ol Y
SiPSSen

pole daly oMl 3131 olSutal el clas oyl ¥
B S35 09,5 (LIRS SBj
mhashemi@iautmu.ac.ir (Jstus cilye %)



(Y Jusdsa AV s gl 0)los cpoitny JLuw)

g5 Oloys 9 dlael ccudlags o)1l / Lo ol (Sidg 3y (sole dolikad

S99 sl (gwled et 4 3l Gl 55 dlgegil
ol Olyl gl a8 540 el @l 36l Slusguas a5 5l
48 amd 9y 395 5l (55 9 (o Canes A3le (So5lon
aS Jis o Jle loie 4.l Ll closgs cdls b coglize
L3 o (L 395 5l pols (g3l losgs b 3 dlge (S
odisS S5t 4y e Wl oo o3l o 96 poliie 50 Lo
o Al 0 393 g &) OS5 ol g Wi b (o fenS]
1l 85s 55 el staz jax 9 DNA ol ¢ Jolo o
S (55 cawl g Caonw b alaly 1> (639350 cle bl
A8l MlS g (o (0 nodl> 3)l90 (3 53 g Cunl 29290
48 SPPL Canw G (SPB o5 0 I imen it
ot sl 159y 00 45 4 St S gaze Cils > ()9S
e (el 0oge3l) Migalles ugSan (g oyt G903] ol
o lge 2l it Sl Glodie Caa Glod s ©)90
ladss il pSorte Ly el (igojl o [V] 39,00 58
g ladall g NS 93 g yge (5 Wigallu iliee
{3 AL 5 o )8 s 2590 B s
03 Spdgls Fign swyp B b (S9iS Hlagk
Lol (Cassia fistula) wols olS sgue ol 0,las g
4 0l Jiwgn 0)8 gl o) e Jewily ashl )3 .05
L gy oS Wigallo dygu slaz (59 2 ool (1505 sy
03y (59 3= 035 Mg Sl ol Comms Sl 35 A1 55
MTT fgeil alisg am (AT1) [hge i ooy (Johos

85 5B swyp 2)90

I3 P93
(J3550 2 ol (ol olSing) oo 5l gle olS 9o
055 g i 5 Goglaer doge Juabd )3 ol (plioj
aosly oMl Bl olisls 3 wlisolS amases bwg
B s g Sy S et > csioghiS o2 oJghio
35 Gl o3 g end (gilubia ugld olS ogee b p)S
b 99 sl Ol oo V00 ol 4y g 4 e S 3 0

oy

-

400
wind oo &y 9 lide )3 (b sl (ST Sl ()b
g e SIPPSSPL g (bl Cumj ple (W pl pli
Cudlige g (Sb3 wle (agle 9 WS o 1) (ke MSUke
i 4o iSSPl sl Jls o [Vl Jooia
S=biy pode sldie) cp pas il > (59 lp )l
Shepd 0 wiedia Sluyg)ls by S ()l pgas Lilo
Loyl )5 (o0 5118 o2latl 3590 (gtae ol
ilg5 go &8 At (Solpus b g (5318 c(gy0ely S3L 395
ojibee 2L ySb slagls 5 ol Wb ool L

Y] s

s @5 2 (8L as Jele S gt 4 08 5L |l
o=l & Jopd g ol 43S )13 ool 3)90 (g 22
Lol )03 Bapuncs)l9 S0 (595 2 69k Hlon Crons Sl 03l
wst9 S 35 g [T] ol 3208 jlons sl el f S
Py 9 SheeS S oy 5l oy 4 0,8 s wile
aile o8 Cldgl Jlo ol L wgd e JUsdyed
ot ySao A lleb 0,85 3ol .l o (gl sinst)
9 Lag)ld (e g Cta p)S sl ade (glos S
3l 5> Ledl Jl o 3 caimd o ot 395 51 o yog g
olawl (K3 g o35 50 odlatwl Dy90 AL idg Al
33 329 gl Wi e (Salite sbasbey [F] 258 0
o Ll lasd § (o3 Ubgy 4 Ol Wy @y S &S
g 5 o3l ale LLY5 & U g, oyl §1 oslizel el 5,
5 &5l YL Bpae (Sl (slasiloy g5 ¢ on
b9y 5L Al dalge obacudgice b ol oo
pis 5 Conb b ()5l (5l 05 Spae s ) gy
Oldieniily d s g5 dy50 SUjlas o aw dlgo 3l edlawl 4 5l
0] ol a8 )5 1,8

(9= Ol asle ©ldgl glas sl Shy e 4
9 gl 3l oslinl 4 il S o j gl dbj o8 ¢ 5w
o=l L eles 4839 e il doets 3 9 sl i 38l &,



O 9 (5988 domo duaw

(S 5w g 0 )85 DD gl SonnsS 95 gt Cadl2d 9 i e

0id Mg Sldgl 2l piee Jsly (o sokate &
oab 0303 258 gy 4 My gl b Sk oy
Ve aoM el an i jelone jeul g (ygyle adlllas 5
TARB) (5 g jlgz ailod i ) dy S
L 456l s L« (TA1537 ; TA102 TAL00
SEE XY A5 A XY D) ops ol el dilize glackl
SUST7419) 5T b Jslomo )3 (52 S 2 255,500 VYA
9 Vg0 (Ao /0 pdiin yig Sio Voo NACl 7 /0
oo A olone (Ygoslen +/D (ygn yidg)Se Vet
SIS ST ol ST clacaly ccgy 52 5T b Jslone
Jolone ooV QL s lilys Jylons) "y ISy Ko
ol (63 Jgtomo & QIL lpamgise a ol S
o pysigel maiw Jslro 5 )+ QI Slind (59,00
2 Costo dalid polale 4 03 s, [AY 3905 5 (V0 OIL
a5 ¢0y9189,5=Y I TAIB g (sl 39l Ole
s C ipnlogine ) TAL02 el a5 TAL00
YA ©oie sl Wy 05 osliza] ICR-101 j TA1537
Ol 3l et 5 4asSil 318l 42 d YV (slod o sl
oL s el Slalegl oles s S)leds (S slo IS
el pj Jgo 8 oy @ ) ik £ [IT] W0 185
0

digel glo ol GIS Slaws
e sla s S sl

<l o £ =

odimd L bl ¥ odae 1 i Cand opl &7 Jjae
el 903 (392 [ iee

ol 03, 3 535 0,85 S ypsls SeuS il b
5 el bgs 45 g, 4 (Ubge iy o) 4T
o I b )S )18 gy 3y90 0ad 03 258 s
o an S ' DMEM Ly ;3 La Jslows oM j5 b

4. Vogel Bonner
5. Swamy
6. Dulbecco’s Modified Eagle’s Medium

LIS Loy g oligy 4ieds T ko & g b il ot
P MRS gz 03 gl o)las B 3 0 Bl el
85 )5 an ¥ gles 5 Jbe

A ojlas i (e Vo)l gl Mg glaie 4
15 by Les 108 65l Yoo o \ 0, Slyzs o e
Jooe S5y yes e85 )18 (So)b kalyd g 5UT sloo
LV ] ol 0y @l)dgil algi snims lis

=3l oSy Jgdome Sy s saaliio Sl Ly
095 g yiegil 8 JIVee zge Jobo )3 (6 plogidg il
plosl o) & Cldpls ay (o p S el ) (SSE
slagygesl dlwg 4 0,8 gl g o 5l ey 28,8
alig 4y )y S 5 (XRD) (oSl anil 31,
sohais s yy (TEM) (5908 gl gy Sn
VO sy (S9SN oS ySue dliwg 4 1S5 )Se ans
o 9 D 08l (e 1) S (59 p gl Sl g See
P SPpSe ey e oY by (ad SiS
S35 S95 oSy ySe a4y bliee (lo 2S5
el Pl s i ploxl (Philips, EM-280 )
Eb XRD (905l pogase 25 (59, 5 @39k XRD
w9l; L X"Pert Pro MPD olSiwd dluwg 4 (90l 9 55
Oomed A5 plool a3 Ae B Ve Sl 03gd5te ¢ YO Sl
S5l s 930 MA fbys 5 ¥-KV o odlasl W
IV V] 0 el MINTY/O2 g, gy Sl £ 2351 o
09 Seold 5,85 G903l 5 39l ol @i s 2
oK ypol sl plssl c g g oolil '(DLS)
Zetasizer Nano ZS ZEN3600, Malvern, UK
Sl 9 08l 5Sibe sy cpl o 8,5 5 arlizal 5,90
3 nn 2y5e Loz 50l d dagi Ly iged

=

S (s

1. X-Ray Diffraction
2. Transmission electron microscopy
3. Dynamic light scattering

OA



(Y Jusdsa AV s gl 0)los cpoitny JLuw)

g5 Oloys 9 dlael ccudlags o)1l / Lo ol (Sidg 3y (sole dolikad

07 TN

0.6 JM ‘\\.
0.5 /

0.4 /V/J

0.3
0.2

Sy J&=

200 300 400 500
Ty Jsk

ol Yor-Bee g3 Jgb 13 005 a5 1,393 6,95 S olimn Y Jloges
gl adg sailis (S Joloe S5) 4 () g
Gl 0,85

o 290 )9 I8 e Jglore SOy i 5l
FSo 4 ol L o5 gty il (0] s 28,5 3
DL S ol yagh VY- e Joo 3 STy s i
Ve zge Jobo 2 1y GiSlg Jglme 6099 JBe Y Jlages
w2 o i yagils B -

sbly 2 1) S g XRD (g dowy & ols ()
ol 20, AV/DS 5 YY/EYE SY/ESE FENY YAYS
s ey g gl s odal Cowd 4 clacSy agl;
ly3els g9 X' Pert Highscore plus 58l 5 bwss
L Lkl §) oy @l iz 28 20l Jslowo 131, 0,8
(Y )‘390.’) .\.,D)f J...,L ICSD osls cli,b

45 2908 et (59 (9Pl QSug Sen gl
ol L g JS5 o ety Lid eomyd okd Mg &l 3ol

(Y pgad) it iogil VO JI O dgds j3

fith W
‘ |

100

X

| %W'MMM

=2
=2
=

XRD (9051 33 (Sl arail (yiiS1 (59N =Y 3900
AR\

(< (el

_ i
() 08 13956 35 51 g 5 (W) IS Jglowo j2905 =) prgpas

TN+ 3lS i iy g (Ve MQ/ML) (rplogiy i
2 Jslw & x Vo' dgds 5 . 00y CuiS g o 4SS
Pl g 0d il Al A8 Jolw ciS cudy B
el FA (gl 3, Kl 43 3 YV slod 13 COy g51sSS]
L LaJobs «SeuS gl colled ) g i a5l
ol 2 ol s 4SSl celw YA 5 VY cus
MTT gl dhosg " ok (ke 0255 203 (gl
J=i8 (0 05Y Jdojlo ¥ e (60 Y 0ol jl edlai ol b g
Ve ML el (ol ok oy ey podsilys
el g sl ol sl ya 4 (0 MY/ML) MTT Jglxe
Olise g 3 il sl (S Lalyd o el ¥ 4l
oy 950 OV Mz Job ;3 15 Y] olKiwd lawgy Gl
125 Jaosh Aoy < g ilo 0355 2o s 255 15

20 duwle

Ohalejl sladyge diges > Ll (i

S Hges > Gl e

ok Sy Camj Juo =

sl

ol (5, wjlae 5, e 4 0 oabie STy oo

CBly il 05 s Cesls VY 1y 45 251 (glogd eyl

1. fetal bovine serum

2. cell viability

3. 3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium
bromide



OIS 9 (5948 oo dumw

G g i D393l SunS 93 gitaaw Culld 9 (i e

ou (3903 50 Sy o Gl i G S 2w (Sl - g

TA102  TA100 TA98  TA1537  (ul/plate) 34
YEEA YALY VoY as) )
vasy YVi¥ VALY VY A
Abts \BEA1 \azy A£) i
ISEY ¥+ VALY ALY A
AN TVEY YY) yet) \5

yeVENY Ty YELY E3 Y

YOV T YV£Y T ¥

T T T T VYA

QALY AREN YiY Ay oo J s

OYYEYA  WASHYA AFYEVY AvEA Canio J yiS

ol L V Jgdn 53 jeol g0l gl imd es LS 345
ol 00
gl b aS 5,8 jaseio MTT ae5l gl ow)p
S 3 el o> & anlg AT Jslo 03) g9y 2 sy
) SaS g 1 il Ble 3 el syl 45
4 sl jo @lydgl cdale (ioli8l b Lol wsls es lis 245
el Sad o Jolo Cumes ials el (g)b pxe &g
2350 e 93 5 o Jgb (5 pdacuns o> s MTT (0]l

Do oo 00lie B Hlges 3 iulojl

1009
3
80 'i
60 3"
%
9
40
I I 20
i 0
128 64 32 16 8 4 2 1

(ng/ml) L Wl Yf WCeclFA

sLlo; > Ol ydeil i (LCBIE > Jolw (5l Cumnj 2o )3 -0 Hldg0d
Celw FA 9 Yf

S 5 o 9 Sy
ool 5l (56 0,8 Sz f Jslme aliasd sl
Sy50 0,8 Iyl Mg jolaie 4y 63 iuS Cijgo 4y &S Cul
oy logod d Jydome ST i 93,5 (0 1,5 oolil
P b ol b D] ccwl 0,85 @lpdgl ades saimd slis
il 3939 Olllas plu b awlwl Ggley G pols dslllas

©glise b s1loiS )52 )3 TEM igfuns Sn y2gli =V yugd
03930 > &l )3g3l 05l a8 3> Lis DLS 905l zuls
TV 3| Gl s atudie (pwitmen Cal jtogili Ve JIV/A
Fogls /0 (JIY/F o3gazws 3 (slojluil onds g5 <l g5l
9 300%5 s )3 gl o3Il iy 4 ¥ g ¥ jlaged il
WP RAIPE 2N
oS oy oylis @l dgl calisee (clacd) o9y p joul (905

P2l D caolh bEd) J1 S ae )3 iy gl

0.1 1 10 100 1000 10000
Size (d.nm)

[—— Record 654: 95090315001001 1|
831051 o o 3930 dlai Y o400

Volume (%)

100 1000 10000
Size (d.nm)

e s g O,395L 031051 =¥ 15905

Record 654: 95090315001001 1|




(Y Jusdsa AV s gl 0)los cpoitny JLuw)

g5 Oloys 9 dlael ccudlags o)1l / Lo ol (Sidg 3y (sole dolikad

29 352 CHPU M il diej 55yt adlllas
s 5 & 5ypp e () g

» Sldgl 581 ojlasl a5 sy Lis DLS (9051 ol
Cowd du o3l U dlayly o .ol jogil X700 JIY/F 290
Sl g cadd )0l @)l )5 Gldlhas a5l Gllas
5 95 CoSwg S S pSe 4 dr g b S35l o5l
ol d 535 b uSe 490 (wlide b <l 33k 0318 duslis
SN GoSuwg Sn gl yols adlllas )5 [NA-YY] canl
o i yiegil VA JI B dgas 3 1) @l)dgil oll
4 390 ls 4 dog b i iegil ¥/ JIY/D 290>y
el slame (S Sl OgSg)Sn prglal 4 o Sl
03l00] el G g G )9 o3l i)l s
ol L5 DLS sile (65585 (sl ygosl a0 ol )39k

gl (ligie Jewily (o ol adlas )
3 ot H 655 jaul pefl a4 00 s
Wgellw slodrg 595 2 |y 0,8 Cldl Ll il
5,30 TA1535 4 TA1537 .TA102 .TA100 .TA98
09 9 ol |y o) ldgl Slog)S el isls J1)5 (o)
oo B35 LSl ) » Uhee 1S pojorSee Jeloee
Do du b y ol d s bt d 09,5 ol uls (2500
w3 s 38 51 s i S 5 @ 0 o) Slydgl
[¥]

=livie S (laddlae ) JllSen o oS
y» TA1535 3 TA1537 TA100 .TA98 Mol
4SS Udges ol 395 Clialin ;3 30 09,5 4l Wdges
3)90 Sdigw $9) 2 2l) Ui Sl B9 g 0)E gl
ol du s pols adlae s 4 guls ol &5 35,15 iole]
ole 500 sladlas 3 (ulLSan g puS piomen [VY]

3

223 0y i SO) & Jole gl g Sl g & 35
il s,

O] g Ay Jg o « Sy 5 ) ey
S plogidy yiSyl (LB )y B sy 3)50 (S plogidy Sl
Ml} )' oLl l_: U‘PU—Q L)T 4\14.“:9 4 oS ol ng”
Jsdmo )3 1) Lagl jgn ) (oo (ygaodly uilis
aS ol LS (6 ytegibg iyl ol [VV )NE] ob jasis
Pl ¥V oo Jsb p3 (iSly Jolwe ()99 JSs Sl
aslllas ) .l o, Sl A p (6,50 Jus a8 dg
i 9 loj CuldS b oS 0l (asude i) Ken 5 des]
S 5laj s il e Gl e (5355 I o251y
Do i Bgie 0,85 Ol gl Mgl g Wad plod osiad yiiSTy
m]

gl ol Gl (5y9e8 (9958 Sy S prglas
g Wi JSB (0 9 (g OB oo JBl 4 0rd Wy
gl ojlasl .ol ogil V0 JI B+ sgu > Ll ol
ol Fe NS Ll Kan 5,00 s )3 o a5
DA gl ¥o Y e il San g glitn,S 1A]
Gk g (g V] gl 10 2905 > (il 5 oyl
oo B e (VD S 5 ol g [VV] stagl Yo I Y-
cde U akaly ) (ihlSen 5 L ag )l [YY] i pMel
SIS 8 (£n J3Sgn bags sl ol (5,5 S5
slooy as o, sl e L8l ply 4 &S 39 4565 p
Sl g LSt comge digl el g lSolulS o8 JySge
[YV] 980 lSlols 555 (slvosis b asliie (glojluil Ly 0
095l olS ogre o ojlas 13 45 il iy S o 4,
aS 05 1y ol Jesly a8 35505 3935 (6L sla JoSI g0
o g5 oed 39 )l 9 Ngd 0)8 (sl Bl g
o gy gl ojluil sl (e g o) (soges g0
leJsSse Gogdd ogo o ojlas )3 (pizzen amd )



O 9 (5988 domo duaw

(S 5w g 0 )85 DD gl SonnsS 95 gt Cadl2d 9 i e

83) 59) = UBhLSer 5 osSle Cldlae Laing (xl
83 S5yt GBhLSen 9 S patsh 5 [V HEP-2 Jolw
3ol 1y o, ldgls o0 4y dtualy 31 [YV] AB49 Jsb
= 50 Loy ldgil a5 el ooy lis lalllas g0
ol Syo 4y oo Sstal S 5 g 2l)AS se Cllad
YA ¥8] 56

el ) BMsl aS 6dg0) (asuive b yingh picren
s0g] Ll )3 @ldel 5l cdale dyae yd odel oy
e 4SS [YV] il b e Sl gl S g 630l b Wlgs o
Ol e )0 @oly «SnS gignlo ¢y wolas ;3 K0
e Golate Sllllas (o &Sl cle a4 Ll ps sy 4o
Sy=S0jlasl pos anly jd @ldgil clale «l gl jiuwgw
Ol ,3l e 3280 dwslie ISl doni j3 g o3
..))IJJ d9>9 ).«ol> Slallao L)""“" 2 S Fwgn

Ol dwy oy 1ol 4 ol adllas ol 4 angi b
Low ol sroslainl cas (slosall Juuwsly (6 5tuwgn
Sy oanliio pae g a )y lbyw Loy aiiej
= 0dd W) 0ldglls el slackle » olj e
Oy NolS 352 ol b IS o gl |y pdge ) Jlozo!
g Slalllas «l)dgil ad il Conle 4y an g b oS !
9 =9l mlico 3 0,8 Wlydgls jl oo s eolaiwl cas

Gl 3L5 0590 o)A

P08 g saal Ggoil 3 085 Sl3gL5 4 uinged
48 imd oes Gl 393 5l bed) Sl S e > ok
IVF] 0yl celitio ol pgesl @l L 55 @l
Fiwgn Gldls a8 3, pasuie pole agh wlis
ATL Jolw 03) 595 3 (155 oS g 3l 00
ke s SSen ¥ Sy 5 sy Syl iy
Al Gl sl glo (1ol ()l tne b sty
Gidee 53yl (e 2 i See YV clale ) o @l 393t
Iy by slaJohu 51 70+ 393> 1 witusly el Y
O ylie sl 5L 390 Clale &S (Sye0 3 Npn o
ol Dy il Lo 5ide e V8 el YA 10 ol sl
Sitaoger 396 L (g9) p LS 5 4 2l Shmg,
ok 03) 59y y= el Ve JIN ojlul b Jaulyj L o
2 SdeU ol as ol i WEHI-164 LS jlug b
F7Ye sy lae an LB il o 1 255,50 ) 24,
NIE 2y yd oo 2 p550500 0 €8y 3 5 2039, ol
9 Somg lwly en 3 [VO] w90 e )l |y Lo Jobes
03y gla ol by sl sl L 3)50 €8, 13l Sen
prSoySae Yo g0 sy & el YA 9 YF 3 1, MCF-7
[V g yidi p8l addllas 5 &5 w3905 Glo e
Fimwoger CldPL oA iS o> lSen 5 b)Sgw (inen
Lol 03y (9, »» 1, Melia azedarach ols aluvg 4 o

> ogdhs ivged pMel i) e 5 255,50 Yo+ Hela

References

1. Curtis A, Wilkinson C. Nantotechniques and approaches in biotechnology. Trends in biotechnology. 2001; 19(3):97-101.

2. Singh M, Singh S, Prasad S, Gambhir IS. Nanotechnology in medicine and antibacterial effect of silver nanoparticles. Digest
journal of nanomaterials and biostructures. 2008; 3(3):115-122.

3. Silver S, Phung le T, Silver G. Silver as biocides in burn and wound dressings and bacterial resistance to silver compounds.
Journal of industrial microbiology & biotechnology. 2006; 33(7):627-634.

4. LiY, Chen DH, Yan J, Chen Y, Mittelstaedt RA, Zhang Y, et al. Genotoxicity of silver nanoparticles evaluated using the Ames
test and in vitro micronucleus assay. Mutation research. 2012; 745(1-2):4-10.

5. Thakkar KN, Mhatre SS, Parikh RY. Biological synthesis of metallic nanoparticles. Nanomedicine: Nanotechnology, Biology
and Medicine. 2010; 6(2):257-262.

6. Carlson C, Hussain SM, Schrand AM, Braydich-Stolle LK, Hess KL, Jones RL, et al. Unique cellular interaction of silver
nanoparticles: size-dependent generation of reactive oxygen species. The journal of physical chemistry B. 2008;
112(43):13608-13619.

7. Cimino MC. Comparative overview of current international strategies and guidelines for genetic toxicology testing for

regulatory purposes. Environmental and molecular mutagenesis. 2006; 47(5):362-390.

41



(P Jundono VPRV Jles sl 0 jlosd cponmsy Jluo) loles Oloss 9 shaal ublags 5151 / Lawepl oidg sy sole dolibuad

8.
9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Y

Mortelmans K, Zeiger E. The Ames Salmonella/microsome mutagenicity assay. Mutation research. 2000; 455(1-2):29-60.
Ames BN, Lee FD, Durston WE. An improved bacterial test system for the detection and classification of mutagens and
carcinogens. Proceedings of the National Academy of Sciences of the United States of America. 1973; 70(3):782-786.

Jacob SJ, Finub JS, Narayanan A. Synthesis of silver nanoparticles using Piper longum leaf extracts and its cytotoxic activity
against Hep-2 cell line. Colloids and surfaces B: biointerfaces. 2012; 91:212-214.

Ahmad N, Sharma S, Alam MK, Singh VN, Shamsi SF, Mehta BR, et al. Rapid synthesis of silver nanoparticles using dried
medicinal plant of basil. Colloids and surfaces B: biointerfaces. 2010; 81(1):81-86.

Jha AK, Prasad K, Prasad K, Kulkarni AR. Plant system: nature's nanofactory. Colloids and surfaces B: biointerfaces. 2009;
73(2):219-223.

Kim HR, Park YJ, Shin DY, Oh SM, Chung KH. Appropriate in vitro methods for genotoxicity testing of silver nanoparticles.
Environmental health and toxicology. 2013; 28:1-8.

Swamy MK, Akhtar MS, Mohanty SK, Sinniah UR. Synthesis and characterization of silver nanoparticles using fruit extract of
Momordica cymbalaria and assessment of their in vitro antimicrobial, antioxidant and cytotoxicity activities. Spectrochimica
acta part A: molecular and biomolecular spectroscopy. 2015; 151:939-944.

Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan MI, Kumar R, et al. Extracellular biosynthesis of silver nanoparticles
using the fungus Fusarium oxysporum. Colloids and surfaces B: biointerfaces. 2003; 28(4):313-318.

Kittel C. Introduction to solid state physics. 8th ed. Michigan: John Wiley & Sons; 2005.

Zeng S, Yu X, Law W-C, Zhang Y, Hu R, Dinh X-Q, et al. Size dependence of Au NP-enhanced surface plasmon resonance
based on differential phase measurement. Sensors and actuators B: chemical. 2013; 176:1128-1133.

Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of Au, Ag, and bimetallic Au core-Ag shell nanoparticles using Neem
(Azadirachta indica) leaf broth. Journal of colloid and interface science. 2004; 275(2):496-502.

Krishnaraj C, Jagan EG, Rajasekar S, Selvakumar P, Kalaichelvan PT, Mohan N. Synthesis of silver nanoparticles using
Acalypha indica leaf extracts and its antibacterial activity against water borne pathogens. Colloids and surfaces B: biointerfaces.
2010; 76(1):50-56.

Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M. Synthesis of gold nanotriangles and silver nanoparticles using
Aloe vera plant extract. Biotechnology progress. 2006; 22(2):577-583.

Philip D, Unni C. Extracellular biosynthesis of gold and silver nanoparticles using Krishna tulsi (Ocimum sanctum) leaf.
Physica E: low-dimensional systems and nanostructures. 2011; 43(7):1318-1322.

Song JY, Kim BS. Rapid biological synthesis of silver nanoparticles using plant leaf extracts. Bioprocess and biosystems
engineering. 2009; 32(1):79-84.

Bar H, Bhui DK, Sahoo GP, Sarkar P, De SP, Misra A. Green synthesis of silver nanoparticles using latex of Jatropha curcas.
Colloids and surfaces A. 2009; 339(1-3):134-139.

Kim JS, Song KS, Sung JH, Ryu HR, Choi BG, Cho HS, et al. Genotoxicity, acute oral and dermal toxicity, eye and dermal
irritation and corrosion and skin sensitisation evaluation of silver nanoparticles. Nanotoxicology. 2013; 7(5):953-960.
Safaepour M, Shahverdi AR, Shahverdi HR, Khorramizadeh MR, Gohari AR. Green synthesis of small silver nanoparticles
using geraniol and its cytotoxicity against fibrosarcoma-Wehi 164. Avicenna journal of medical biotechnology. 2009; 1(2):111-
115.

Vivek R, Thangam R, Muthuchelian K, Gunasekaran P, Kaveri K, Kannan S. Green biosynthesis of silver nanoparticles from
Annona squamosa leaf extract and its in vitro cytotoxic effect on MCF-7 cells. Process biochemistry. 2012; 47(12):2405-2410.
Foldbjerg R, Dang DA, Autrup H. Cytotoxicity and genotoxicity of silver nanoparticles in the human lung cancer cell line,
A549. Archives of toxicology. 2011; 85(7):743-750.

Sukirtha R, Priyanka KM, Antony JJ, Kamalakkannan S, Thangam R, Gunasekaran P, et al. Cytotoxic effect of green
synthesized silver nanoparticles using Melia azedarach against in vitro HeLa cell lines and lymphoma mice model. Process
biochemistry. 2012; 47(2):273-279.



1. MSc Student, Department of
Biotechnology, Payame Noor
University, Tehran, Iran

2. Professor, Department of
Biotechnology, Payame Noor
University, Tehran, Iran

3. Associate professor, Department
of Medical Biotechnology, Medical
Sciences Branch Islamic Azad
University of Tehran, Tehran, Iran
(*Corresponding Author)
mhashemi@iautmu.ac.ir

Ebnesina - IRIAF Health Administration / Vol. 20, No. 1, Serial 62 Spring 2018

Evaluation of mutagenicity and cytotoxic
activity of biosynthetic silver
nanoparticles
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Abstract

Background: There are limited information on the toxicity and gene
damage of nanopatrticles. The aim of this study was to evaluate the
effect of silver nanoparticles (AgNPs) biosynthesis using Cassia
fistula aqueous extract.

Materials and methods: For this purpose, silver nitrate solution and aqueous
extract of C. fistula fruit were mixed at a ratio of 9:1, respectively.
After color changing, the formation of AgNPs was assessed hy
spectrophotometer, X-Ray diffraction (XRD) assay, transmission
electron microscopy (TEM) and dynamic light scattering (DLS)
analysis. Then, mutagenic potential of nanoparticles was studied by
Ames test. Finally, the cytotoxic effects of silver nanoparticles on 4T1
cell line were assessed at 24 and 48 hours.

Results: The color changing of solution was observed after 16 hours
that indicated the production of AgNPs. The presence of silver
nanoparticles confirmed by spectrophotometer, XRD and TEM
micrographs. DLS test revealed that the size of most nanoparticles
ranges from 3.6 to 4.5 nm. Ames test showed that AgNPs did not
show mutagenic activity at none of the tested dilutions. Also, MTT
test results confirmed the dose-dependent cytotoxic effect of
biosynthesized nanoparticles on 4T1 cell line.

Conclusion: The results indicated that the silver nanoparticles could be
considered as a suitable option in variou’s industries. Although, the
side effects of silver nanopatrticles should be studied more accurate.

Keywords: Silver, Nanoparticles, Biosynthesis, Mutagenicity
test, Cytotoxic Agents



	7
	07

