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Biosynthesis of silver nanoparticles

using aqueous extract of Nasturtium officinale
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and investigating the apoptotic effect on breast cancer cells (MCF-7)
Simin Tajik Esmaeili
Department of Plant Sciences, Faculty of Biological Sciences , Kharazmi University, Tehran, Iran

Aim and Background: The effect of silver nanoparticles on inhibiting cancer cells has been determined.
One of the ways to optimize nanoparticles is their biosynthesis using plant extract, which can affect their
efficiency and anti-cancer effect. The present study was conducted with the aim of evaluating the
biosynthesis of silver nanoparticles using Nasturtium officinale seed extract and its effect on MCF-7 cell
line.

Materials and methods: The biosynthesis of silver nanoparticles was performed using the aqueous extract
of Cheshme grass. The compounds in Cheshmeh grass were investigated with the help of gas
chromatography-mass spectrometry. The parameters affecting biosynthesis of nanoparticles, including pH
and reaction temperature, were investigated and optimized by ultraviolet-visible spectroscopy technique.
The effect of synthesized nanoparticles on MCF-7 cells was evaluated by measuring cell death and
apoptosis by MTT and Annexin V/PI test.

Results: The plasmogen resonance absorption band of silver nanoparticles were confirmed. The most
composition of Cheshme grass plant was related to benzyl isothiocyanate, phenyl ethyl isothiocyanate, and
glucosinolate respectively. The optimal pH for the production of silver nanoparticles was 10, and the
nanoparticle biosynthesis was improved by increasing the pH. Also, increasing the temperature up to 65
degrees had a positive effect on biosynthesis and the initial rate of nanoparticle formation. Based on the
MTT assay, cell proliferation was significantly inhibited in a concentration-dependent manner. Also, based
on the findings of the flow cytometry of apoptosis toxicity induced in MCF-7 cells at a concentration of 32
pg/ml, apoptosis was observed at about 72.2%.

Conclusion: The aqueous extract of Chashmeh grass can be effectively used as a source of reducing and
stabilizing agents for the synthesis of silver nanoparticles, and nanoparticles biosynthesized with plant
extract can effectively prevent the growth of cancer cells, as an anticancer drug. be used

Keywords: silver nanoparticles, Nasturtium officinale, apoptosis, cancer cells, Iau Science

Corresponding author:
Department of Plant Sciences, Faculty of Biological Sciences , Kharazmi University, Tehran, Iran

Email: S.tajikesmaeili@khu.ac.ir



3S3n sk 55153 slo 030 alo NGEMEB]

VEY Gl - BVojlad — VY oy50

o lac jloolaiwl b o i ©l,3950 yoiam guw
s (Vasturtium officinale) acsivs Gle oLS i
50 4 dlho ol asLio 512 (MCF-7) acouw Ol s Jobw gﬁugﬁbi oty W)

S Sl T
Ol el s lsm oS iy pole 0aSails ( BLT pole 05,5

cdS>

s S35 o5l a5l 5 Sy el i asie Sl sla sl sles 55, 2 0,85 L35l Il iAo IS
‘svl.a))‘ RV L]ol} axJlas J...ol.» )L)f ful.t LQUT LS’UDJ""" o )—o.il.i 9 ‘SQQ)L‘ » .}.:‘9.“5@ as col u;ﬁLj o)La.C )l solazw! l.t Lﬁuj
plosl MCF-7 Jglw 03, p o1 156 g WVasturtium officinale)asiz cale oL ;3 o lac 5l oolawl b 0,85 &l 3450 iwge
otz cale oS 10 sgzge oS 5 b pll et cale olS T ojlas 5l oolitul b o, o35l it (B 599y 9 Olgwo
Logs 2555 Lo 5 PH. ol S350 5iimsas 2 e sl yially 0 (ot oy (i o ~(8515 (3T 5ilog S SaS L
051! oS b MCF-7 (sla Jskos 5 00y SLdgih 135 0ol (6 lodints 5 oy o yo — kil 3 (ot 55 Sl iS5
benzyl 4 by e iy 4 deiizr cale oS S5 op i ad ol 0,d5 Sldgl (ieendl wass wis b dasdl
Oal¥l L g0 Ve 0,85 3656 0dgs (sl 4 PH .04 Glucosinolate phenyl ethyl isothiocyanate .isothiocyanate
St Sl D3l JoSas adgl Ceep g g (595 2 4250 PO L Les (Al ioren 139y 4l S5 0,353 3ws PH
IYYIY oga ;0 5901 ) Lo ,0 p,59,50 YY cdale ;0 MCF-7sle Jol [0 cos W 5900] Casw s agiulugls
Al sdmlie

39l i (sl 0aiS cart g 0uilS’ olge 1 onte (lyis 4 Jige oo & Wiyt (e detir il ST o Las 1§y AT
u‘sa.;d.ﬁ 4‘51Uo).~.: LsLbJﬁl"" J.w) )| Lg).._iaw.u).af}a O gy AJ‘}J(SA (SQL: G)L.A.CL.JQ..\..L e g U‘)Qﬁ"L’S JJ}...: oolaw! oJ.Q;
2585 1,8 oolawl 050 Slb s wS (g9 )l0

Iau Science . b, sla sl 39001 « Nasturtium officinale « o a5 1,346 :‘54.5.15 Olfj‘g

.

dod0
2 s @bl SesS e sl ol bS5 655k A 9 Bl die) )0 S slo 5,505, 5iU (5 5l 50

ol 3l 05 o plawl Gailize slo by, oS L Sldgil

1] ghemnn o g

w50 ‘ngjlo OLQL.S PLIRV-NY = QL...» Oladlas uL..a (Ol ys o s0,l9 olRiils ¢ i) pole 0aSiiils ( aLS pole 05,5
() Bgd olberd OluS 5 550l wilg oo Dldg0 ol

S.tajikesmaeili@khu.ac.ir : sy =S e

i AL T8 )0 a5 sites SLuS 5 ol oL (slao lac
7 &S ST S ’ VELY/-OIVE bl s f

Ol (V) 0sS oo Joe (5308 1y oaialS lgae 4y 3430 VEYEINY st o




Coetl 4255 b (Fd)el LS o lae 5l oolizul L La]
Plo> Gemer 5 Shn g Cede o o O3l
S osSE el ogdle 5 aniar ale ol S (YL (Soals
Sl oauzs oolaiwl 0,8 Gl dgil jiwgn jo deie ale
oolinl L o5 5556 jiisms o)yl o byl axllles
s Ol o (sloJskos 09 5 dniizr cale ol 53, 0lac

b plox

gy 9 olgo

3 olS agd 5l e ¢ ey e oylas (2b 5l 9 Aned
(S OV IV -200Y: Sldl s Job) 5l bl wlelas )
(oo Yo FQ telasy) o Jlois YP[-PAV -0 : L8l s> o 0e
Shie O b Lbleis wosgll JT Slgime plo o baailoany
BUlsbes ;o g sl ;0 oS Llgn slo Coonnd winlds Al
ol Sz ol diges .aiads Sz lgr 40 59, VF Do
Sl e 80 0 y0m )S Ve g0k g (B Sl L
Prosles 10 g 0ad 039y ) sk )0 95z ge ke O
3ol ools Oyl celn ) Soe 4 o Kl ax o
@ ol Blo ) ojled paily Slo 3215 55,k 5l bolsea o]
b oo ladss o lac MWOLS‘SJ—‘ ojlas iy opl
A6l ol Xisle az,0 VA 808 Brae e
5P oeolasl b ‘_,’_J oylas ;0 0gzge OluS 5 o
sob 4 (Yo plxil JSSg 5 3. (HP 5973 MSD' o,
@ oylas BT gles,S olKiws dayl i eudiass 5l o adls
Ve 5Ws po ooz cieb ol By gt @ 055 ol e
GrSoslal vgzge LS 5 s, Al ools I3 g
0.0l

Job 4 e ale olS lawgd o, Wlydeil jiuw
99 0,8 Slts Jolowe il (o A jslaie (nl (6l a0d>
aslsl 35Ul slos ;o Jolowe ojlac jid (Lo ¥ &y Voo Lo
oo sloo jo cele V Due s polow jab 4 balse ol
ygr (SadlS Jos .l 00) oo SG,U alhaze S 0 g
05 sloged 4 S0 yeS 35 5l Jslowe G 5 plonil ey
083 Dl,39L S saums ylas aS wile (AL Il g s

] 00y

5l g (s Jld Sl 5 097y Jodo 4y (Sappls cuols
owibwl g ojlac jo b Jsd daudaigdd jezmen JSlouS|
Fawgm 5o ilgige (LS ojlac JJo s 4 ool
oS .(Fd) 0,5 L8 ocolaiwl 5,50 o, 3450
bl 3 Lg,l sble e Nasturtium officinale

Cl ol e 9 b)lugr LS o Qlél 5 canl (555
su‘)J.\)Lo UL"""" )d OLS U”‘ ol ] 6[.%4.»; (95V)A.)5)‘50
u“ (AN D] ool susline oL.M.:Lc; 9 ul"’) suL.....\JJ
AT o R g u;lﬁ)b é‘l.ﬂ:ml} u.a‘ ).|ol.‘> aQ OLS
aoiz cile (V) 0045 (6 bows 48N 5 550 o] 155 Joe5
Slacralig 5 saigids Sl 5 dls Jds e ol L
PLESEo be)WOLSU‘}&QABC B Gl
Os7ed 698 (ST (T 23l b izmen 09 o0
ezl 5 bl (ol Olpdl zals jo Slliwgsys!
olie )5 5 oyl o5y & Wlgige 5 ool Fige sl
5ly Gl do (o550 as elyE (VTS SaS
ons oLl aallae paiz e o Sldgl Sl
» )L.w..: 5)‘0 9 138 Coio B o)ﬁj u‘).)}:b (\\"‘\f)wl
G dxg b oo e ol oo Olidsd g dis 0,8
B azsi 000 b o ads 5 Fwsm 05k D05 ol
50 ollS 5l eolaiwl b o,d olydeil jiwgn (V0)o .5
u.g‘ ‘514 (\ c\j\Vj\?)w‘ [ .\.uL: aslllas R
iz lagd Hdy leolanwl bo,ss ol 34l g i b
4y, o,lac « Stevia rebaudianacls o,lac (VF) LL
Oedera genistifolia oL 5, Erythrina indica L5
ol jor a4y Jito gl 50,8 Sgi Wluls g ass| e o lac 4
Slydgl Caols (pege L(OVAANAY el ails
Osekes VY Lo (¥oYe Jlo o col Glbw leys
Vo o5 ab aslis gl pwliw 50 ol oz 3,90
(YY) S0y lawgin g o5 MT)Q L sb,sas QT WS
Sloys cord slo Coogass 5l (gl SI3556 L Loy
% el 6)lnl Glgre 4y g W5 (o0 590 o BT (S
Jedo a4 alpdgl imles oo Jos ol Gloys cisn il
IS5 4 (Swigh Jo Cwols 5 bt (Suslon slslo
o 9 85,188 (o0 756 Sl sla sk 59, 2 S Fge
by oo Plas ) Slopscond Jelse 590 4y ainly
g D3l g leaigs slo Kal, 5l S5 ol IAE

I Mass Selective Detector



s 2 (6,105 Ale K guds 4,0 YV (sloo [0 )50
oo3en o adlil Salz e 4 DMSO 2Js Seo Y-
zoe Job 5o Joke uile oy (i S5, (2Ll ol
s Ly yiagili PO+ a2 20 oo Jobo 5 yiegil OV
(V) plosil (5,95 i
i Jokw S o (255
3 el She il o ond i ok gl LUly
5B 5 o S8 B ) Sme aKles] Ll
lo sk el YE St 4 Slydgilb o s Joboo 0428,5
O yold Voo lSSl 590 a0] panseds coS 5l eolitl L
«(PI) Biolegend)ess o g, sy (FITC) &lilwsasgs!
b wan olels 5 sy3lae> (San  Diego
oo V27 5V o515 1 Lo sk coijls 5 Jaall g0
Sland 3L el 5 0,8 Dly356 (o yme 5ot ee 5o
P iS5 190 Yot ) Saks filo L 5 ot 4z i(PBS)
Loliee Slind 3L g Se Vv )0 g wiad (Sb3L (adsBo
o 4 PI g Annexin V-FITC L o Jolos s @il
50 A (6,185 aile )5 SO LL jo 5Ll sles jo as B0 VO
(Beckman FC-500 jogingls 59, » v Jolw ccolys
Zelw Y o,e ,o Coulter, Pasadena, CA, USA)
4555 5,50 Beckman CXP ,l58le 3 S5 L 5 (5 ,5laes
(YA)as,5 18 Ll
laaxsly

UV-ViS b Wlafllo g 0, Wlydeil jow (owyy
il Geien 9 6 rar Sla SRy bawss 0,8 (g (SaeelS
Job 5o eyl mhaw ;o 598 O 0 S pkenl,8 T
~09rS (oo At (Sl onims (L o> zoe
aloyl )y o b ol )39l cdale .l 5, olyd 0 0ll sle
Ljs?%éq&d)#w&pow@o)bwm
L oogiise 03938 o)is &ly35ib clale 4 wbse 28
Sl 9 398 o0 S o5l @ je8 Sy Dad hals
sl o yole gy p 5o (T)o5d oo yiaS ldg5L lad
Wgad S, i Lo, oy (Sowls Loyas ol,d450 i
L (gt miz L) Sn Gloed @ S 35
Jol> )58 iz ) Jlhges @b g (ansas LB b,
ol ) se Job o ym - GRS (8 hesis el b
Aais ol Wb anl saims las a5 cel velie B

! 009y o).cu u‘)és,‘l.‘ Q)W)L’

155936 (S5g uex

otwd Lawgi (Fawals 5 S35l i anl jolate 4
(Perkin-Elmer Lambda 25, J, ,tesidg Sl
b egl VO- U Y- o Boston, MA, USA)
0,8 OlSgl i jelaie 4y Cewl S A oY 0l (6T
CS 55) 1A 0,8 Sl S 5l GialesT Uslpe (olad 5o
i b 5l om ol eolaiul ojses ol g Merck
s PH) Sa0 (sl yial )l dniiz cale ol S lawsgy 0,a5 <l 3450
(Yol (o Dy3650 3w ;o (Lo

los 9 pH ,lade (g5lw dotr (o 2

Sy 085 Jolmo 20 oo A PHs3Lo i slaze &
sl PH o Jslos ojlae il (Leaf 4y Vpo (Lo 50
Joloee 51 PH elass sl - <85 )18 (o 22 9550 aliske
Sl SIS 008 (gl Jslome 5 S g 008 o (50
Sedds i Oldgl (6,98 iz Gl o ool
ANV A Y & D sbpH o (ogbAr BY- - osgame
S5 5,50 Jslone i Gliee o5 Lo b abad o b 2313
D oy Sye alie FO5 OO FO O ¥O slales o
JOR

i Sy Jobw 035 520,566 53U (o

Sgazme slaes 5T (il lge sk (slaos; 5 lacd jxo
—00, el e @ (Gl p! e 5 (HelS b &S 1) saisS
dsge Jshos Sl 5 MCF-T) ais b s Jsho sl
2o s s ools bl o5 eolnl sl st
(Thermo Fisher., Dulbecco soiszdol cis Lo

Yo LoV NV g5 iz o b ol laaWaltham, USA)
eSSk Ve s el Y 909,500 ) ¢ 0 csliglS =)
a0 YV gl 5 07 CO2  pwgt il i Lo
s eoldy CutSiw gandas

MTT s 9051

05, ol yiiuw 0,8 D360 oudjlosl codld b, sl
W15 L oale 4 oo Sl o il o (b o sl
ESCIERVTANNIEET SERAK W PR NP
Ohdgh alizre sl cdale uwabols (5,105 a5
wlp,S el FA Coe 4y 5 o adlol b Sals 4 0,8
S i slojless b o loobe 5 b IS
o 8) Salz 5o MTT Jsloa iy Soo Ve it
el F Soe a5 o adlol Salr 2 4 G e o 0,5




1.6 4

1.4

1.2 -

1.0

0.8

Absorbance

0.4 -

0.2

0.0

T T T
300 350 400 450

T T
500 550 €00 650

Wavelength (nm)

L’)...ae_\l.\‘ﬂq/\ u»&bamoul..... ngyubm‘sm)).lé)a rJ.A.I‘ﬁgA.JQ ‘5)*&5..357.5.....: |uv...]a SaS L.a..m Jueow ojinul)‘)}.\l.\u_\}\ |
el 0,45 Qboyb 6‘)3 [ERCERHAPNTE ulm) F?)Mmili VYA s M.:;La

Sl bales 5l cxwg 00gamme 10 0uds 3w Ol 3450 g cls
S 5l oKl az 0 Fe 4 Vel Lo s s
Olyeesd 2B g0l Spaid iz Wb Cusdse
o 6518 Dl 3gl ol rals Js 4 eo S5 b
a4 e JYL Gl Loyl aS Wy 0ols Fy o Lo 36
FO glod .l oauds o jidw 0,85 &l 35l i8S ol
2392 e (50b ) Hlomn S9u> B (dis 9 Jum )42 50 B0
Lel38 oldgl LSas adsl cepw ax 0 £O sles Ll
50 odd odalive igewdy s Gl 20l le sl
S5 ojlail b oo,ds Dl dglb a4 ame o las YU (glos

g (oo JeSas

14

) - 25°C

35 °C

45 °C

—~ °C
3 55

‘:-;' 65 °C
300 400 500 600 700

(NM) zsdsh

Qbé,ﬁﬁ}'&@,ﬁﬁ oo ng ).Jb ey
035d5te ;o ol it 343l aS wes o lid Y jlogal
O ole oo 1) sl Oloss s Jlol pH Gl e
bl Luls a5 ol cos (58 @36l ojlusl rals
sl 0 ool e o).E.I C)‘).ngl.i )..5955 o)'L.\.ﬂ A e
50 ol odwlive igewdly Baid Cd oL g S les
SzoS ol b ooy Sl,dgil as ols ylis calize pH

LSis adyl S 5 Wb ool b b JSES
ad OV Jbged Gub cdl il Ve pH b ol dgt
PH 4 ¢ G S Dl alize glalos o RS

1.4 (<)

— pHS

pH 6

pH 7

;-‘ pH 8
& pH 9
% PH 10

300 400 500 600 700

(Nm) gsadsh

Los 1 (o - PHLT (Gl i cile T olae 51 0,8 ol,3536 (slys cygamidly duidd i aily 2 yige glo 35T LY S



phenyl ethyl benzyl isothiocyanate

«s,lo5L ley  .oe Glucosinolate .dsothiocyanate
BYRRE WA V-5 S VERIPIL % SRR V=S SO R e W 1 PL SR ¢

el oal é\j‘)‘ \Jj.b

Aoy e Ol 5 (2L

S92 T T b 55 (S gileg ST sleaisl
@ b ye cud 5 a4 cuS 5 Cn i aS ol las ol olas

sl oslas sorr (s b =555 BT gileg S @ bosye gl ) Jou

eSS deys el sl ook ol S5 el
o lastewl (44.80)

</00 A YA/NQ a-Terpinene

</FY AdQ £O/AY Hexadecanoic acid
\£/84 afy fY/8Y Glucosinolate

VE/NY VN ¥ f5/FY phenyl ethyl glucosinolate
VV/FY \--Y Y/ 0 Glucobrassicin

Y/vY ARRR AR Heptacozan

ViNg \ - 0F Fo/YA Ascorbic acid

V/a0 VeAY OY/BY B-Carotene

</8¥ y-ay AY/$Y cis-Linalool oxide
VA/EY VAYY €Y/A- phenyl ethyl isothiocyanate
-/Ya VYA YV/V§ B-Eudesmol

NAvd VAFY \AZAR Camphor

</fY VYAY Yo/AQ Borneol

VAR \YeV YA/ - Y Terpinen-4-ol

-/va \YOA YY/$Y a-Terpineol
YY/PY yyay VAR benzyl isothiocyanate
Y/a0 \YEF Ya/sy 4-methoxy glucobrassicin
/00 V-5 YO/AY Geranial

</YA VOYY INZAR 6-O-hydrocinnamoyl-bis
/XY VSV F YY/AY B-Caryophyllene
ANV E Eoazme

2 Hlee et BB ek 4 1,356 L Lo s sl FA
Cilizes glo Cdale duglio ol ascin 45 a5 shiles
Gl clale s 0,i Sldglh a5 ws cullad ol olis
IC50 .59 55 (598 MCF-7 (sla ok ;0 zodg 4 yin

Al a2 (e 2 0,59, P L 2l

MTT (’M& % " ‘_;:5) L.’ 0).3.; Cab.'b,.%l.i CAAO ~ ("’,'D.w
s_)‘)bs.tl.: M) 04*5955)...» s_,u.!l.!d 9 ‘5!91..» )...»S.‘ W
Sleondy Groww 5l eolaiul L ocenlie slaadale o
SLES Y s s a5 jshailen. ai Laseie MTT sl Jske
wujal;mmbt;&.adq‘slwﬁ&‘w‘o@o&‘&




150

-- MCF-7 IC50 = 6 ug/mL

16 24 32 40 50 60 70
(5t (o 53 P 579 y5m) Ctale

e g KW dusi:‘ celo FA s P Q‘).)};la alises 6LQCA.IQ.LC A quJ.M: LSLQJ}J.M: 03, 59y » ubé}:l} Ja..ag.’i Ls]}lw Aj)A lei” u)AB Al J.iw
iy Oygo cdale e S 4 IC50 (6,15 o5lasl Lo plsil Job Slesas; Sbs,l sl MTT 5JLT

s9e] ©ldgl alise glacdale jo as ol ylas ausl
5o ol b alizes Falaw o |y (Joko S he sl LUl
ool 5 amys T5F i) s o 0,55 50 A il
oo 0 P55, YV il jo g Wng 00l jemsl o
3 S ek 4 ol saslin L YYIY sgas 0 jeugl
e e Pl (e 59 055,50 YY LA slacale

(F JSo)as svmline )9_...5;7 Edgr0

«qar
15.0%

az
1.74%

39T (ke Sy Ghomiw gl
SemS g 9 909 WS slacedld iy oy b
sasl ok S oo obml QUlss ond 5w o)8 35
LLladshe ol ow)p i ol Jolw loos, o
0,5 celu FA Con 4y calizee glacdale o ol 340 g0y
13 Annexin V/PI g0l ) co g aias (5,135 4l

=

RRVETK S

o1

950%

[

323%

FSC-H:PI

100 [773% :

Annexin V-FITC

sl sl sl dshe a0 (s tagimsld (glabis slaloges : @Easlesl bylys o o Jsho 5l » Oldsl alize slacdile 5IF o
5088 el glaJoko slows Sibles Q34Q2 blis axes so ylis yleyo el FA 51 4w |) (Annexin V+/PI+) 515l (AnnexinV+/PI-)



4 Oedera genistifolia 5, 1o lac 3l oolaiwl b o8
e oais Hlis s al s caialS Jule G Glgae
Olsie 4 (alS o jlas jleolinul b o i &I, 35il sreloise
(V) g yegil PHIY Lasgio ojluil b wonals Lole
s sl (Sl o 0 (250 Sl in YL L S350 cslis
9 00l 3w 3l ols les L sle asly (YF)asl e
g Fge diw plbyw sla ol 03, Spe 24l
VY 5905 5 syl a5 (oo s 055,500 TY ke
Sl 3 (S S5 & 2l Gl oo

i 0,5 l3gil a5 Wleols ylis LKy alise claazsly
2l elis SS i il oL sloo,las b onss
asls (le5 5w, g A lbyw (Jske sleos,
o lae alowg 43 00y 0,5 ldgil 5LOVAN BN )
Jobw 590LT &5y, » Podophyllum hexandrum oLS
Gl a4y e b Jobo ol a5 sls Glis o>, ailes o
586 () el oads 550 Sl slo Jsbo 5 555
S sladsho yoad i 0,85 S)39l SnS gL
bwgi aS Cowl oog ol (o aslllas zmls oy iege 51 SO
Al el aBS I sl oy MTT g,
ool Al 5 ;550 Sldlas o 0,8 &3l S g5 gL
Gl dnir dale olS 5l ol oy o (V) gY e PV
oL ol a5 0d Lasetie 5 0l ooliiul 0,8 oy SaualS
benzyl  glaes! il SloS 5 5l Vb Gl s>
phenyl ethyl isothiocyanate .sothiocyanate
Sl caeols oS5 pl .cwlGlucosinolate
] IOV I PSP SOV RV S X SR G KO LY
Ll Gigedly pais wal g (s bS5 Slaes)
Awd G3gigdd o L8 DLoS 5 (YV)o,ls 0525 (5 olins
5 Ll thadlone 185 Jdo 4 a5 156 slo e gulia Sl ol
5 Boe Ll (9,8 05 Jalse 5 55lonnST ool il
Jeily 85,50 1R (LS Glacdl (Sem slaay
095 b basye ol slaJiiol, Jlee jo b oloSs
(TV) wis oo STy O5amnSTL oS Sl (38 JonS g 000
shls Weigds a5 ol cols las wlidss 1 6 b

SO ks alex Sl gsite (Sojslan slacollas
o s ws Oledl ws (Sl (ST gl
as ols lis yols asllas 4o ogdle 4 (YASF)owl oo
s PH aliee Ll 556 o 0,85 0l,0930 algs odeS

3 Rathi

0,356 Gl e 2 bl 4y 0,8 O35 s (o) 2
ool (Vo) Comal 1y Ccaing oz Sloyo canyl o
65l g sl 1S, 81,1 gl | el a5 il 355
S g ool pole 55UsS (slaojem o )35l ags
LS loolac 5l solawl (YY)l 00,5 o 045
Srn ddo a3l sladle s 3l Dldgl s sln
W8S 8 azgi 050 (H (ploord Sl A i o
ol b ldgl ol a5 wms e olis Sllllas ool
ot (FXT) sl b0 4y (9580 5 gm0 el 0,50,
o)l SaS L, 0,8 S5l st b sl sl ol
St 4 axy bocesl cols plmil anis ale olF
o dad dale ol g3 cieys SlaS 5 o VU L Suals
o5 i o 4zl (V5P)ads ooliasl oL S oyl 51 iyt oot
Srom GRS ey il b Jol> (558 o aS
VYA o o 3STo by ,2ogil FAA Gl 45 gy smlice 6
Sl O3pedl wasd Sz Wl enies GliS ey Sl
Iy daiz ale o lac caslio  Saals 5 009 0,85 Ol 3450
olis aline )y 50 OLHKen 5 Mg, el sols ol
0,85 DlHdgil iwgn jo wily ozl oS Ay as wols
ol 5o a8 wd anl spa asas L obhd awsl e
sybe Jos 5, sl esed Jslne 4 Sy slone
XRDUV S0 mwcid lug oo oluls
2 OFols plas |y zlo olF asy, o lac canlie Saals
0ol U 0,5 351l 5iimgm ;500 aslie (glaalliae _wlul
31,3436 a5 o o155 Stevia rebaudiana oLS o lac
(ol Voo B A-) ol olail ooguses ;o 0ol Jiiwgw o,a8
i ldgl (OV)azisls oliel (g55lsdiee 5 o
sile sarhe SRy bl (S By b endadys
JERRENPSNTINE A (R St S I P N
10 o] oo SlE L ol 0 s olse ol Acgoma
o 5> (Tl ails (6, Redar Gialidlo 8 L anglie
olac 3l eolawl b oo,d Sly3eil jiiwgn o) SKens T I,
30 ol SewS gigiw S| g Erythrina indica oLS ais,
LS Loatbly b s 4 5 4 oo s 5o (sloo,
GalS Jalge lsie a5l 5 Lo Jyisdle i b 5 45 ol
4ok Sl Jad slp Fge earms dg g esias
Oldel Ko saasd [0 (VA)ALS oo Jos 0,85 Ol )3450

2 Rautela




Sguge 4O Leg—l s g O340 Calizes glasl OV DY )iloas
2 syl alex 5l il )5 138 a0l o500 oy pleyo
s Doxorubicin a; g5 o anl 0,50 l3550 4l
Ol 5 anw Glbyw jo aS oS o lil Paclitaxel
3 ol (B0, o LB colaiul 5,50 onme b
5B 50 a5 Whls vgzg i Sldeil 5l srie slegle
3l 51 eolazwl ax 31 .(0F)ai,ls 1,8 Jb ol
Olig® 53 Bt piey (p FoutiS jlganal 5 (S (Sd59L o
Elgil slaolKiole;l ol 0s2g b Lol wcel Sy (y,00
Sl b ol 5o Sl3L L leys (ol 39 5l alise
SlHdgl calids gy Lody (O D)l axlge (sousin
@S SaS sanl o Gl Gleys i a4 Wil e
—o Ol ey a pole addllas o oal &l s IS )5k
olin GluS 5 (g5l iz dile LT (sleoo,lac a5 sas
4 oail )0 Wlgh e a5 Sgr 0,8 Sly39l jew 3w sl

2% )8 A gl 3 )90 6t (e

o Fiiw 0,8 Ol 39 a5 was e lis andllas ol gl
Ol Joboo 03, ply 50 590 Sl wd S atlys oo
m‘yGAWuhgio)masysbwobu‘w
Sl g oaiwd hals Juloe 5l (oate loie 4 Fge yeb 4
9 Ay W5 solaul 0,85 ubdyb oew 6‘)‘. odusS
o ohdgl e 2Sly p s g pH LSG ba Ldss
olai ly ol adss silo axee 5o 1, PH aljl s oo (il
Wlg oo oans | laims ;o e jlasl oyl 4y ax g5 a5 sl 0ls
Slidon S SeS 0,85 Sldeil adg i ol o
Aoz cale oS og cenlin Sbl o Wb iy

asl olydgl s elgl adgs sl

@'O)Js 9 ,L.MJ S

ol g A5 el pemiils oign Jol> yol> dlie
g s (goolST oliglojl o iome Lol IS 51 aliwsg ooy
S LSS ol 9 25 Hrebial (09,5 (i
o3lal 5 5351 o ol (LS (S3slmied )l eled 1)

Hlodge Sa5 g pali (oLS aiged 55l

JSis adgl ey g b (nl Dol S e 13 Les
g 0 oaums i ol .l Ll ) e pH b ol,3sil
oanlice ajlice cwyy 90 ;009 Ve bl pH jo ly340
4 g 0,ls 0,85 Sldeib wded jo (5,590 s pH aS oo
Gl 5l e OF v90m) 65k PH (ghluargs sk
YL pH o &lidgh  ag odys Je 5l (F-F V)l
O3 ST L el pen (b LS 5 gamlannST 4 Wil oo
O35l @l atn oS 555k 4 3,5 o5lal HY lo 0y
@l 5 (V) 05 (o0 D50 e LB Lanlpd 008
Fis gy SzeS ojlail b olydgl YL pH o
Loo ial38l b aS" ol aseie 05 oo 0550 10 (YY) Mg oo
D39l oS adgl Caepn 5 390l ais Sde wil
St il Sl ety D3l sl 5 el il il
ORI &8ly o Sl o8 D3gl JeSias S 2 Les
S adsl Ce g g 59y o4z FOL Lo
4 e Geizmed Leo ol il coie 30 o340
03935t ;3 S oo HLas A Wl 0,85 )34k o3lasl talS
ol s wy p ghaes (owyn Sy les
(PO 00,5 Ll 1, amdly ol L3 lallas.sgs o
5 Wlosls Lt |, cilizs gl Slalllas ala, ol 4o 4zl
Sygenr ) ol S35 sla Sy Wl oo Les oud (ke
andllas o (wlol pams 8 50 cod o i BB
S50 Cawgy o lac jloslainl b o,is &l )3eil odgs (59,
oogdes 450 VO 4 YO 5l 1aSTy gles iulidl 2l
30 eeSe p (FF)al D136l olasl (o, oS 4y e

Lippia oS, ol o)las 5 solitul (,Spo aslllas
az,0 A0 4 YO 5l Lo zolidl 4 ols Las citriodora
5B Ll eols (aul53l 1) @ldgl Juses St (wgmados
G e PV 0,85 O30 o3lasl 5 a2 e8 B
S ggog0 S 4y (ol had Jb 50 g5 236
Sl Qe ol 5o laid; e plareiils sl Sl
slaghy, b oamlie )3 (i bt slaghs) |z
(o 3 a0 2B bdine 5 655 Srae 4 (Sslsm
P9 Gl Ol 5o slod S Dlisiiz ol 5L (g i
o ol Slaz ol 5 lgi] il (sl i 5 el
Gy 5 &3l Slallas 5siSL le ol 5 (FAFAD - )
Sl ydgl ny Jd (pler el ol ploil il 345l i
SIS I8 B gl 5o g ol a5 515 5 0,



&Ll

1. Afzal O, Altamimi ASA, Nadeem MS, Alzarea SI, Almalki WH, Tariq A, et al. Nanoparticles in Drug
Delivery: From History to Therapeutic Applications. Nanomaterials [Internet]. 2022 Dec 19;12(24):4494.
Available from: https://www.mdpi.com/2079-4991/12/24/4494.

2. Ramachandraiah K, Gnoc NTB, Chin KB. Biosynthesis of Silver Nanoparticles from Persimmon
Byproducts and Incorporation in Biodegradable Sodium Alginate Thin Film. Journal of Food Science
[Internet].20170ct8;82(10):2329-36.Availablefrom: https://ift.onlinelibrary.wiley.com/doi/10.1111/1750-
3841.13865.

3. Bastos-Arrieta J, Florido A, Pérez-Rafols C, Serrano N, Fiol N, Poch J, et al. Green Synthesis of Ag
Nanoparticles Using Grape Stalk Waste Extract for the Modification of Screen-Printed Electrodes.
Nanomaterials [Internet]. 2018 Nov 17:;8(11):946. Available from: http://www.mdpi.com/2079-
4991/8/11/946.

4. Khan M, Shaik MR, Adil SF, Khan ST, Al-Warthan A, Siddiqui MRH, et al. Plant extracts as green
reductants for the synthesis of silver nanoparticles: lessons from chemical synthesis. Dalton Transactions

[Internet]. 2018;47(35):11988—2010. Available from: http://xlink.rsc.org/?DOI=C8DT01152D.

5. Bastos-Arrieta J, Florido A, Pérez-Rafols C, Serrano N, Fiol N, Poch J, et al. Green Synthesis of Ag
Nanoparticles Using Grape Stalk Waste Extract for the Modification of Screen-Printed Electrodes.
Nanomaterials [Internet]. 2018 Nov 17:;8(11):946. Available from: http://www.mdpi.com/2079-
4991/8/11/946.

6. Zaki AA, Elbarawy AM, Darwish AS. Biochemical studies on the effect of Nasturtium officinalis plant
extract in chickens fed raw soya bean meals. Australian Journal of Basic and Applied Sciences.
2011;5(9):755-61.

7. Andini S, Araya-Cloutier C, Sanders M, Vincken JP. Simultaneous Analysis of Glucosinolates and
Isothiocyanates by Reversed-Phase Ultra-High-Performance Liquid Chromatography-Electron Spray
Ionization-Tandem Mass Spectrometry. Journal of Agricultural and Food Chemistry. 2020;68(10).

8. Tavakoli S, Ejtehadi H, Amini Eshkevari T, Vosough Razavi S. A study of the flora of aquatic habitats

in East and West of Mazandaran province, Iran. Taxonomy and Biosystematics. 2013;5(15).

9. Delfan, E, Khodayari, H, Azizi K. Ethnobotany of Native Medicinal Plants in Zagheh and Biranshahr

districts, Lorestan Province, Iran. Eco-phytochemical Journal of Medicinal Plants,. 1973;11(5).

10. Vafadar M, Toghranegar Z. Ethnobotanical study of some medicinal plants of Abhar county, Zanjan
province. Journal of Medicinal Plants [Internet]. 2020 Sep 1;19(75):30-54. Available from:
http://jmp.ir/article-1-2458-en.html.

>




11. Ma X, Ding Q, Hou X, You X. Analysis of flavonoid metabolites in watercress (Nasturtium officinale
R. Br.) and the non-heading Chinese cabbage (brassica rapa ssp. chinensis cv. aijiachuang) using UHPLC-

ESI-MS/MS. Molecules. 2021;26(19).

12. Kyriakou S, Michailidou K, Amery T, Stewart K, Winyard PG, Trafalis DT, et al. Polyphenolics,
glucosinolates and isothiocyanates profiling of aerial parts of Nasturtium officinale (Watercress). Frontiers

in Plant Science. 2022;13.

13. Abdul Salam A, Singaravelan R, Vasanthi P, Bangarusudarsan Alwar S. Electrochemical fabrication of
Ag—Cu nano alloy and its characterization: an investigation. Journal of Nanostructure in Chemistry

[Internet]. 2015 Dec 23;5(4):383-92.Available from: http://link.springer.com/10.1007/s40097-015-0170-1

14. Sabira SF, Kasabe AM, Mane PC, Chaudhari RD, Adhyapak P V. Selective antifungal and antibacterial
activities of Ag-Cu and Cu-Ag core-shell nanostructures synthesized in-situ PVA. Nanotechnology.

2020;31(48).

15. Carbone M, Donia DT, Sabbatella G, Antiochia R. Silver nanoparticles in polymeric matrices for fresh

food packaging. Vol. 28, Journal of King Saud University - Science. 2016.

16. Mohammadi S, Pourseyedi S, Amini A. Green synthesis of silver nanoparticles with a long lasting
stability using colloidal solution of cowpea seeds (Vigna sp. L). Journal of Environmental Chemical

Engineering. 2016;4(2).

17. Timotina M, Aghajanyan A, Schubert R, Trchounian K, Gabrielyan L. Biosynthesis of silver
nanoparticles using extracts of Stevia rebaudiana and evaluation of antibacterial activity. World Journal of

Microbiology and Biotechnology. 2022;38(11).

18. Rathi Sre PR, Reka M, Poovazhagi R, Arul Kumar M, Murugesan K. Antibacterial and cytotoxic effect
of biologically synthesized silver nanoparticles using aqueous root extract of Erythrina indica lam.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy [Internet]. 2015 Jan;135:1137-44.
Available from: https://linkinghub.elsevier.com/retrieve/pii/S1386142514012013.

19. Okaiyeto K, Ojemaye MO, Hoppe H, Mabinya L V., Okoh Al. Phytofabrication of Silver/Silver
Chloride Nanoparticles Using Aqueous Leaf Extract of Oedera genistifolia: Characterization and
Antibacterial Potential. Molecules [Internet].2019Nov30;24(23):4382. Available from:
https://www.mdpi.com/1420-3049/24/23/4382.

20. Zuorro A, lannone A, Natali S, Lavecchia R. Green synthesis of silver nanoparticles using bilberry and

red currantwaste extracts. Processes. 2019;7(4).

21. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA:
A Cancer Journal for Clinicians. 2021;71(3).



22. Din FU, Aman W, Ullah I, Qureshi OS, Mustapha O, Shafique S, et al. Effective use of nanocarriers as
drug delivery systems for the treatment of selected tumors. Vol. 12, International Journal of Nanomedicine.

2017.

23. Salvioni L, Rizzuto MA, Bertolini JA, Pandolfi L, Colombo M, Prosperi D. Thirty years of cancer

nanomedicine: Success, frustration, and hope. Vol. 11, Cancers. 2019.

24. Adams RP. Identification of essential oil components by gas chromatography/quadrupole mass

spectroscopy. Allured Publishing Corporation; 2001. 63-344 p.

25. Kumar R, Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan MI, et al. Extracellular biosynthesis of
silver nanoparticles using the fungus Fusarium oxysporum. Colloids and Surfaces B: Biointerfaces

[Internet]. 2003 May;28(4):313-8.

26. Gonzalez-Valdivieso J, Girotti A, Schneider J, Arias FJ. Advanced nanomedicine and cancer:

Challenges and opportunities in clinical translation. Vol. 599, International Journal of Pharmaceutics. 2021.

27. Moadi T, Ghahremanzadeh R, Yosefi M, Mohammadi F. Synthesis of Silver Nanoparticles (Ag NPs)
via Four Kinds of Plants Extract and Investigation of Antimicrobial Activity of these Nanoparticles.

Nashrieh Shimi va Mohandesi Shimi Iran. 2014;23(4):1-9.

28. Fahimirad S, Ajalloueian F, Ghorbanpour M. Synthesis and therapeutic potential of silver nanomaterials

derived from plant extracts. Vol. 168, Ecotoxicology and Environmental Safety. 2019.

29. Adams RP. Identification of essential oil components by gas chromatography/quadrupole mass

spectroscopy. Allured Publishing Corporation; 2001. 63-344 p..

30. Kumar R, Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan MI, et al. Extracellular biosynthesis of
silver nanoparticles using the fungus Fusarium oxysporum. Colloids and Surfaces B: Biointerfaces

[Internet]. 2003 May;28(4):313-8.

31. Gonzalez-Valdivieso J, Girotti A, Schneider J, Arias FJ. Advanced nanomedicine and cancer:

Challenges and opportunities in clinical translation. Vol. 599, International Journal of Pharmaceutics. 2021.

32. Moadi T, Ghahremanzadeh R, Yosefi M, Mohammadi F. Synthesis of Silver Nanoparticles (Ag NPs)
via Four Kinds of Plants Extract and Investigation of Antimicrobial Activity of these Nanoparticles.

Nashrieh Shimi va Mohandesi Shimi Iran. 2014;23(4):1-9.

33. Rautela A, Rani J, Debnath (Das) M. Green synthesis of silver nanoparticles from Tectona grandis seeds
extract: characterization and mechanism of antimicrobial action on different microorganisms. Journal of

Analytical Science and Technology. 2019;10(1).




34. Kaviya S, Santhanalakshmi J, Viswanathan B, Muthumary J, Srinivasan K. Biosynthesis of silver
nanoparticles using citrus sinensis peel extract and its antibacterial activity. Spectrochimica Acta Part A:

Molecular and Biomolecular Spectroscopy [Internet]. 2011 Aug;79(3):594-8.

35. Shamsi H, Yari R, Salehzadeh A. Assessment the effect of BiFe204@Ag nanocomposite,
biosynthesized by Scenedesmus obliquus on expression of CAD, CASP8 and p53 genes in gastric cancer

cell line. Journal of Aquatic Physiology and Biotechnology. 2023;11(1):134-58.

36. Baharara J, Namvar F, Ramezani T, Mousavi M, Mohamad R. Silver Nanoparticles Biosynthesized
Using Achillea biebersteinii Flower Extract: Apoptosis Induction in MCF-7 Cells via Caspase Activation
and Regulation of Bax and Bcl-2 Gene Expression. Molecules [Internet]. 2015 Feb 5;20(2):2693-706.

37. Bhutto AA, Kalay S, Sherazi STH, Culha M. Quantitative structure—activity relationship between
antioxidant capacity of phenolic compounds and the plasmonic properties of silver nanoparticles. Talanta.

2018;189.

38. Sanli A, Ok FZ. Chemical Composition and Antimicrobial Activity against Phytopathogenic Fungi of
Essential Oils Obtained from Echinophora tenuifolia subsp. sibthorpiana Grown in Wild and Cultivated
Conditions in Turkey. Molecules [Internet]. 2023 Jan 6;28(2):585.

39. Shadvar MS, Moradkhani S. Chemical composition of the essential oils and antioxidant capacity
evaluation of Echinophora platyloba DC. and Falcaria vulgaris Bernh. growing in Hamadan province of

Iran. Journal of Medicinal Plants. 2022;21(83).

40. Roopan SM, Rohit, Madhumitha G, Rahuman AA, Kamaraj C, Bharathi A, et al. Low-cost and eco-
friendly phyto-synthesis of silver nanoparticles using Cocos nucifera coir extract and its larvicidal activity.

Industrial Crops and Products. 2013;43(1).

41. Kumar B, Smita K, Cumbal L, Debut A. Sacha inchi (Plukenetia volubilis L.) shell biomass for synthesis

of silver nanocatalyst. Journal of Saudi Chemical Society. 2017;21.

42. Adegboyega NF, Sharma VK, Siskova K, Zbotil R, Sohn M, Schultz BJ, et al. Interactions of aqueous
Agt with fulvic acids: Mechanisms of silver nanoparticle formation and investigation of stability.

Environmental Science and Technology. 2013;47(2).

43. Baghizadeh A, Ranjbar S, Gupta VK, Asif M, Pourseyedi S, Karimi MJ, et al. Green synthesis of silver
nanoparticles using seed extract of Calendula officinalis in liquid phase. Journal of Molecular Liquids.

2015;207.

44. Mashwani Z ur R, Khan T, Khan MA, Nadhman A. Synthesis in plants and plant extracts of silver
nanoparticles with potent antimicrobial properties: current status and future prospects. Vol. 99, Applied

Microbiology and Biotechnology. 2015.



45. Yuan CG, Huo C, Gui B, Liu P, Zhang C. Green Synthesis of Silver Nanoparticles Using Chenopodium
aristatum L. Stem Extract and Their Catalytic/Antibacterial Activities. Journal of Cluster Science.

2017;28(3).

46. Iravani S, Zolfaghari B. Green synthesis of silver nanoparticles using Pinus eldarica bark extract.

BioMed Research International. 2013;2013.

47. Cruz D, Fal¢ PL, Mourato A, Vaz PD, Luisa Serralheiro M, Lino ARL. Preparation and
physicochemical characterization of Ag nanoparticles biosynthesized by Lippia citriodora (Lemon
Verbena). Colloids and Surfaces B: Biointerfaces. 2010;81(1).

48. Hasan KMF, Horvath PG, Alpar T. Potential natural fiber polymeric nanobiocomposites: A review.
Vol. 12, Polymers. 2020.

49. Faridul Hasan KM, Horvath PG, Alpar T. Silk protein and its nanocomposites. In: Biopolymeric

Nanomaterials: Fundamentals and Applications. 2021.

50. Hasan KMF, Horvath PG, Alpar T. Nanotechnology for waste wood recycling. In: Nanotechnology in
Paper and Wood Engineering [Internet]. Elsevier; 2022. p. 61-80. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9780323858359000143

51. Gonzalez-Pedroza MG, Argueta-Figueroa L, Garcia-Contreras R, Jiménez-Martinez Y, Martinez-
Martinez E, Navarro-Marchal SA, et al. Silver nanoparticles from annona muricata peel and leaf extracts

as a potential potent, biocompatible and low cost antitumor tool. Nanomaterials. 2021;11(5).

52. Ahn EY, Park Y. Anticancer prospects of silver nanoparticles green-synthesized by plant extracts.
Materials Science and Engineering: C [Internet]. 2020 Nov;116:111253. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0928493120303118

53. Giri PM, Banerjee A, Layek B. A Recent Review on Cancer Nanomedicine. Vol. 15, Cancers. 2023.

54. Wang S, Cheng K, Chen K, Xu C, Ma P, Dang G, et al. Nanoparticle-based medicines in clinical cancer
therapy. Vol. 45, Nano Today. 2022.

55. Ashrafizadeh M, Delfi M, Zarrabi A, Bigham A, Sharifi E, Rabiee N, et al. Stimuli-responsive liposomal

nanoformulations in cancer therapy: Pre-clinical & clinical approaches. Vol. 351, Journal of Contr




