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Abstract. Superparamagnetic iron oxide nanoparticles (SPIONs) have made extensive advances in nanotechnology. The unique
properties of these particles have expanded their application in various fields, including medicine. One of these applications is
non-invasive analysis for cell tracking. However, the possibility of toxicity in cells is reported by these nanoparticles. Due to
the fact that cellular damage caused by iron oxide nanoparticles is concentration-dependent, the determination of the appropriate
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concentration of iron oxide nanoparticles is very important to prevent cell damage or cell death due to apoptosis. The aim of this
study was to find a concentration of SPIONs which does not result in apoptosis. Therefore, the effects of different concentrations
of iron oxide nanoparticles on cell survival were investigated, and the their effects on increased gene expression involved in
apoptosis (p53) in human amniotic membrane derived mesenchymal stem cells (hAMSCs) were evaluated. First, stem cells
were extracted from human amniotic membrane tissue and cultured. To demonstrate the multipotent characteristic of hAMSCs,
these cells were differentiated into adipose, bone, and chondrocyte cell lines. Then, the viability of the cells treated with different
concentrations of iron oxide nanoparticles (200, 150, 100, 50, 0 pg / ml) over a period of 24 and 48 hours was evaluated by
MTT method. The effect of the concentrations of 0, 100,150 and 200 pg / ml of nanoparticles after 24 hours in hAMSCs was
investigated for the expression of p53 gene by Real-Time PCR. hAMSCs were spindle-shaped in a two-dimensional culture.
Flow cytometry examination of surface markers revealed that these cells were able to express CD 29, CD90 and CD105 but
they were unable to express CD34 and CD45. The results of the multi-potency assay of hAMSCs showed that these cells were
capable of being differentiated into adipocyte, bone and chondrocyte cell lines. Iron oxide nanoparticles had no significant effect
on cell survival at the concentrations of 50 and 100 pg / ml in 24 hours. However, cell viability decreased significantly after the
concentration of 150 pg / ml (42 + 1.4%, p<0. 001. The results of Real-Time PCR analysis showed that the expression of p53
gene significantly increased at concentrations of 150 (2.4£0.1, P <0. 001) and 200 pg / ml (4.1 £0.11, P <0. 001). According

to the results, the nanoparticles used in this study were appropriate at concentrations > 100 pg / ml for cell tracking.

Keywords: apoptosis, mesenchymal stem cells, amniotic membrane, nanotechnology, magnetic Nanoparticles

o,L3l Lo Jshos 30,8 Jilis g lié olge 5T o ibo pole,F alss
(Kumar etal., 2013) s 5
3590 50 05 Sledl oo IS ol 51 glos S ado 5924
Dl 3gm g Cewn e 5 Ll Cde p @ldgl LSL
Slg o o] 0,355k a5 ol lis Sojglgmedn] Sloalie
Jizl 4> 5 (Bai et al., 2010) oS olox! 55 Jsbo Cooms
9o as ML.J Lg‘o)bu‘ a ;_)‘)09.)‘.: ‘5[91"" oo g_)‘).:‘ aS O)L)
gt |y Jobo (S35 Sl gioms wlgi oo Ll 398 (Jgur 5 5
&5 Gomllh el dlax 5l b la ol 5 05,5 i
Singh et al., ) 058 o | 00| Jud Coodls oyl Hlas
ol 5 brlamsTy adsi Gk 5l Caams ol 2009
5« Sgng ] plast sloul 59,00 SLSY Slad cuis wljl
b 55,55 sl & yomie Wil oo (S35 ool ol 5 p33509,S
Sleogas 4 Dldel cpl 5l dol> oo 095 Joko j50e0]
_UT cdale 9 Wj.) ‘&)5J93)9‘° sc)‘A.J| “_J|)u> U”‘ ‘:LAM#):.B
Ol b Gidgy 5l Bl o L cdbls walgs S b
s ol a1z 03,5 solitl 6,386 (sl (PEG) JsSl5
Sk 3l g oghee Dlidgl gers Sl wle 5 el e e
Buzea et al., 2007;) <ol 5,lub o ids Koo a4 Cans
23,5 Sl jagil Yo 1) 0,3 o5l .(Mahmoudi et al., 2011
sl Bl 5l (Jole slas Wl e 0)8 cnl (Sol, 4 oS
B il 5l 5 SaeS o3Il o 0,8 aS sl S3 4y p3Y 5 S jge
Syl L5 0 5 walem Corons sl 555 loojlail o g 098 0
Slonl Jobos 5 a8 e el solizil 5 g0 clile wilo s B oS
sk 5l e &y 10 5 Jsho Spo el 5 WSS oo

dodo

“ P Gisdem A o 3 lacd,in L
Sl Gl jo ) Gamas @31 Sle s Jolw (( J3Sge
i (Makarevich et al., 2018) el o055 Las Lo

ol o Joku 31 (6 ,S0 0 b o) Ky a5 ol ans S 3
Oleyd a4 ccalitee 4l jmass Joko slaaisS olfiuls g
(Das 2009) sl axzls 55655 slas Lo

3l s sk 53 2 50k (Sl Dlinios 3 la Lo 5o
oais 35 yoio (NAMSCS) Siguiel slid 5 5iie  soniiilyo
lo)gis g 5 aloz 5l (g ket o Sblze o Lo Jsheo ol oo
s S 78 pe ol 0l (sln Shsg U led ol s,
I ool sloyod o3, o NS llasdo ilad 5 )bwe (oo
(Maumus et al., 2013) ul 60,5

s o9 & Jobo (2bsy (Jsko 55 ogdle (SlojoJsl 5
S 5 0550 oo 50 Jolos yesdand (line 5 Jolos (55508 yrns
ozl s 3y gus 5l 13536 05 93 <l 13550 31 059 el sl ool Bl
et ks 5, 5 (39,5 Sl gz (SPIONS) yalans]
slal 4y 1,3 2346 ol (Verma et al., 2015) 545 o ool
Ol s CoagXe g CuiiSe ol p,8 90 b g gegll Ve o)
s ¢ gubolisal )l Condls alax 5l cols Gla Fhg Jdos 23
76 208 03l (3lulaz (ISl 5 ol a4 i o cgmsg
S s ok St sy allB g 2l bliie oo
0}"9'.‘ 9 aliseo 6[!&4;.«0 5 |) LS)L“‘"@ 6L®Qﬁ)ls ‘_,;)5?—6]&4
(Sun etal.,, 2008) sl ools plazsl sy 4 Sy slooje>
o K sy ;0 0,5 4 g oo DSl glos IS alex )
—Js¥se gilulas g (el (Bl pwdige g,lo aledan Ll
@ ol loyd (usbline Wals (G)loppgal () lo

257/YbY


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Nova Biologica Reperta 7(3): 256-266 (2020)

FACS oKiws lawgs FACS 80 L gacecs b aw g (4i80 0
Colgs j0 08,5 18 oniw 0,90 B.D oS 0 el caliber
Jedo g a5 9,50 Cell Quest l53le 5 51 oolaul b laosls
IRCVEJUR
Gyl oylgiian! cs2yz G Jobw 4 HAMSCS jle

1a sk (2l NAMSC (slo Jyos 55 i S5 (2 S
W 0ol led Bgyad g gl o oz sle Jole 4
<2 ‘SLngLA LY) hAMSCs }:Lw

L a7 slacedy o 0% V1) ardilze ol sloJsbo
ao, Vg FBS wsp Vo s3> DMEM ciiS Lo
aS ol b oo eols czS L- Glutamine 2mM 4 Pen/Strep
G pled oz G Wl |y coly mlaw ds s Ve T.)j..\>
IS el 03 4...7:.:) )99 4..\.]9‘ ALY Ja.:..?u.a ‘d...:‘ D LngJ}lM)
doy Ve gl 0-MEM by sples e b o Joles
Vool Ve Lo ¥ Pen/Strep owo,s V FBS
V bagat] VpagSan 1+ sl il boale 53 Son
VF Gt IBMX Vga,Sn 0+ 5 (sl iS5 Vgas Ko
ol 43553 CO2 w5 0 g ol )5 il az 0 YV sles 40 5,
@il @lr S s LSS e, aw p bl e
sl S5l ais jghaie 4 Oil-Red O L (5ol 5, iles
L3S Sy 2
lazianl b Jekw hAMSCs plod

Lals 7 slacel 3 01+ (ortilie (sobiy slasle
aoy, Vg FBS voys Vo ggl> DMEM ¢S lase
b & ools S Yae Lo Y L- Glutamine 4 Pen/Strep
led S s 2Ll 1) Coly mdas o j0 Ve fogus as oyl
g 0ad dizn, 590 Ayl i laxe laml lesiul sl Jolus 4
FBS ss,0V g9l 0-MEM  Jolis s ples loa b o Joles
—L..: )Yyoém \e ‘«_)'“““bﬂlf_gj‘ )Yyém Y ‘Pen/Strepl/
VeeaSee B0 g HgilualiSs Veegl Vee wland Jg oS
9 01,5 Blw a0 YV slod ;0 59, VF o a4 dl S 98]
LSS ey aw o spled e al 4555 CO2 ssyo O
@8y onlidl el Sy ples Dbl Glp WS g
Loraé s s 4 hAMSCs 3l

Yo rpm oo b (¥ x Vo8 ewiilie ol slo Joles
VO 858 lugn b sl 3l adds £ ooas
«By,a8 o Jolo pled jslate 4y ol 55080l (60 e
By ypad e gob> spled <SS L ol Cews 4 Sebo by
Voo Jols Bgpaé JoSe 3 (DMEM-High glucose) ;L.

(FR2) YOF-YFF ¥ o)las il ¢ T pole 50 (o sloazily

0,356 cows SISITL alaily o oS CSLs aSopl 4 azg b
Slzol s ols sgzy Jsho JsUse ol (plags]
Sl P53 55 semal anlp 50 uso slagy oo et 3l (S
& a5 (Sridhar&Shepherd 2003, Tiwari 2012)
sadsiyaeliyy She olml jo K5 5 ol (455wl 5098
iz slacdale ;lbmﬁd]ﬁwbdboulep
ol sk 1o P53 05 ol g |y oplasST l,3gk
30 e 18 g 090 Sl &uw] clae 3londs 3ive
)‘A)LM.J S 0)09.)[: U"‘ )l Ao cdale b o = g,d.?u 5 U'i‘
D9 0,551 Cewd 4y anlllas 5,90 sla Jghuw 0,5

L gy 9 olgo
sl S guio

lealy 23w 5o Gloligh ualls 5l el cold; canS 5l g
Sl el 3l Jsbes yo syl bylpd o Cin gladiges
5 Omlogiy il 5 (b () s (S 5> (PBS)
Sy 098 5 50 e <8l L] oo Lo s (paann Lol
g Lad gitnd 3l am g oS lox g,95 5l owiel 00,
oyl o5 g s S5l solai & call Sl Bl
3 00 035 it sianles s 55 solal 4 Sl slo 4, Lié
S92 oelo ¥ o 4 ) s U L el pan o
e g 0 SUINST us wa 00l5 )13 55 LgSl 2l o S0
5 (435 £ S 4 TPMY - +) Foudn 7l 5lam 5 ol Jlad 8
03 Gy S Vo yikd sl sl s w5y mbe i 90
S e jeamx o Jole i Sy g ol eole
“oo s SSgm sl «(FBS,10%) s, DMED
L ,e3leSSl jo (aoy0 V) (uelisls Jl (oo yo V) (pumnlogiy !
4z 0 YV glos o Gy as )0 A0 g oy SanSTeo ao,s O
A ooy s of 5 sl
& o Lwgld

DAMSC sl Jolo (v s Sk Ole (omin <o
o 4 55,5 5 il 9e 6 asialasls gt ol
WA Cyamss 5 el 5Ll 50 00l 00ls <z hAMSCs aods
42,0 F slod ;0 8B +) wd Gody il (Joko (ygamiliwgn 5
Lk atwd PBS L)L aw 5 (4880 ) Sae 4 o5 ol
Y,PBS ) FACS b 3l st Lo Vev jo Joko 0 x) 8 s
CD¥o LDyt £Da- £DYQ) adsl sob 5TL (FBS as o
3o g o, Xl az 0 F gles jo ai s Fr o 4(CDY-0

Do dy € x Fev) Saudy il 5l o o adald 4SS SO

258/YOA


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Tekiyeh Maroof et al. The effect of iron oxide nanoparticles on expression of p53 gen P53 o5 ole » olowaS] Ol 36l 1oL Kes § g me 4S5

009l S gl g sk Sloosss s e b)) cax
Vo ¥ olaas LhAMSCS 0,346 lawgs jlows gz cdale oy g
o Nl ool S wils A7 culy 5l Sels> e o Jele O x
oo e ) 0,30l 5l aalise slacdale el Y L
N USRI ER IR A WS SRNTY
Sygo ol 4ol sl MTT cas el $A o VY cdS
S s o5 ) MTT Jolono 51 5y Sl Ve oS
3 Sy G g w05 adlsl Sal> e 4 lal o (PBS
3o b 4580l celn F v 4y o 5 il a0 YV 930Sl
5 ool 2 laSaly J51s bpome sppmlisSl (e it o
ook 5ol adlol g, 4 DMSO Sl g Sle Ve e g 0o )8
S5 w3 liae Colgs 10 50 sols IS al,T 4y an B ) -
zse Jsb ,o ELISA Reader oSiws 3l oolazul U Sal> o
2,5 Sl gl PYe i b mym Jsbs 5 il OV
Olgs abgiye d3e 5 00T S op jl odel Caws 4y e g
A a6l gylel S g g as 5 L o Lol sae
Real time PCR ;i

azlge 5 (Joko S8 ;0 hAMSC (glo Jolo oS 5l o
Yoo g)e+0+ +) SPION o,34 calisee sloclale b lay]
Ly b oo RNA (el YE Soe 4 (id Lo 0 0,59,k
G RNX 5 ol Lo ) Jsko V x V47 5o 4l51 &) RNX
RNA clale 6,5 ojlal 5l amy s gl 5l abgype JS'959
qPCRBIO cDNA synthesis ¢S ;| oolazwl b col o550 b
O9ebgSh) JISGluge 5 olRiws Lawgs RNA 5l 059 Soe </
Ao o 9 4230 Ve o 4y o 5 il az 0 FY glos o
5 5 o aslo CDNA (ad8o) o 4 o 5 6le a0
b slarmln 5 G5 rmlbe Sen e Sl oolital b ol
p53, p53F: TTCCGTCTGGGCTTCTTG) p53 ) oo
Rotor- o&Kws o (R: TGCTGTGACTGCTTGTAGAT
0 sleo ;o yeuwbsSS) QRT PCR cs 5LS S ,4 Gene
5 O9embisSl b S B0 8o ¥ o 4y ol 5 il a0
Ve Do ay ol 5 ile a0 FF s 4l O o 4 0 sleo
288 plol (a8l Do ay ol 5 il a0 £0 Lol g adds
oads plxil sl S jlssas Real Time PCR pleil jloj o
oty 9 damlie Sz 0l ouw b Rotor-Gene )33l ¢ 5 lawgs
aS o,ls 55 4 5L Real Time PCR SoSS j0 ol (oS
GBS l 53 @z e loim &5 (55 09d Glo ool ples o
GAPDH F: GCA GGG ) GAPDH ¢35 1,8 solatl 5,50
GAPDH R: CTT TGG TAT 4 ATG ATG TTC TGG
g Jloges g0 diged 2 sl 09 (CGT GGA AGG AC

Vses,500 V ITS BMP-6 540 V- TGFB 4,540
doys Vg SbygSul gandV Veeg e B0 (gilial S
sloo 0 595 TV Do s frpmmalogiy s elens oy Sgn S
bl Glp as 4eSSI CO2 wsyo b g ol 5 ls az )0 YV
ol gl (el ol i 5] 5, g 3} By a1 pled
055916 cilus

59y 4 (SPIONS) olapeS] upbliiol )l pyge 0,350
00l et gl laie Il (g, (nl 5o aS 0ad ad o yee
Jsbro b 5 63,5 o s o J515 1, il 5 (slocSs
B 1, SiSTy daomo slos g oailisy VY 4y 1, daw pH Sligal
Al ools ol el V i 4y g 00, YU ol T il 4z o £
ik &lid a5 S5 olbew Jalowo dnlol jo .0 5 dy plosl ST b
Slp e 0 o0ls gt Joilbil g ST L, el &Iy b
Iy Ohdgl 5l oads fymsd Jlade Ol)3gl mhaw (0,5 o Jale
Saie g 00,5 CuSogw 4ids O Sue 4 S DMF 51s
DSy g 00,5 adlsl lamo as |y o D (oS 5 5l oo s
gt bl g ST L coles 40 g oo plowl el £-VA S
lacol coas 2ol yolel 356 59, PEG Jlasl sl .o sols
el oo Yo 5 S cal o s kol S oS
Sl Y S 4y (el dlis 5y )0 5 0lie 5,157 0 P>
b owlas gl aalsl ool plol ol 5 il axyo ¢ sles o
ol o l])3 6l 5l o Cyaad oo 0l Mol oSS L]
Jolre S5 00058 CeSigun b g 9 i3y ST U310 po 15 00
a5 08 Jo ol ) il end 3ol el 5 00,8 and (Sen
S a4y STy (ol S (o0 WL )5 U (g9l Jolowe (5,
Jobls ST L aslsl jo g ad)5 )1,8 (hem w90 50 alie S
B 5l )3 ol Sleogas cw) gl p g oo 0ol gl
Slalllas 3 0,35 a2 JsS S |y 9929 9 03lsl 5 S
i 5 53 S oSy S S5 silen slons |
Naseroleslami et ) o oolazwl (FTIR) 30,8 jgole oo
«(al., 2018
hAMSC (sl Jobos slows car 0,3956 (55l 03bol

B CaSigus o 50 Slydgk ol &l 3636 (g 5lwoole] (sl p
Al ¥ g hgels 4l Yo waids ¥ by 5 e oyud L)
TE 5l am 5 o lS S8 By 8 40 ook s (55,
Do B o) oalaesT Oligl dalise glacble celo
i UV antl s 45 (il oo 59 53,500 Vo 5100
b i) sl (59) Wogr 0l
MTT sl

259/Y64


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Nova Biologica Reperta 7(3): 256-266 (2020)

5 ool plagesT 3 Fe-O wigy oS ile,l b gllas a5
—09,5 4 Ly ye S YO+ O ongamma 53 g Sl ya
osle JSis 5 o aiis O35k v onSgy0ne sl
3gil b 1y JsSelS kil y s FT-IR s el
(C ¥ USs) 8,5 ol
MTT cois bwgi RAMSCs Slooss o)y

0,3l ilize clacbale 51 MTT ilesT 5l ool L
2 GRIskes 3 55,5 Yev 100 ) e e 00 ) ol
hAMSCs slo Jsbo yaile 0033 e 1 el $A 5 7F Cos
P 9Swa B gV e Sl b pley 90 50 (b y0 w0 S (o) p
Bl (g etz ki lasle (Sleodiy doyd e )
YYh) V0. slacdale o aSl5,50 50 (F £ +/-V/ XY h)
¢ £ VYL YFh) o) Loy 0,55,S0e Yer o (FY 2 \/F
8l alS (D < [0 )) olies ek 4 b Jsle Sleows;
ke o p S e S Vo A0 Ve e slacdale g0 |
S8 ooliiwl 050 addllas JS 50 o1 Il sy Cap 0,350
(O JS) cé 5
P53 055 ol 2 T oS0 )543l Lilisko slocdalé ,5T

3,50 P53 05 Ol St sz a4z QRT-PCR (y505]
05 e Ol & S 0 il (o Ol w285 )8 sl
o5 ole &5 ol las sl easws GAPDH « by ye
P oSee Voo cbale b palaaST 0)35k b azlse 5l asy p53
JrsS 09,8 b annlie 1o (g)lobine yusd eyl i Jos o
Yoo 5100 glacdile b azlge o aS Jbojs S ol
4 P33 o3 MRNA (e e 0)386 51 i (oo 53 055,50
JrS 08 bawlie ;o P < o)) gpSedn b
(F ISy by il

STy e 4 el ol sladsle 23 glals

Jolor Dlaio 5 mtes sl 51 (S0 plgie 4 095 0.8 &yt
51 sk 0,51 59, Jiang et al., 2002) wloas Gguwne oy
Ol az g BB S aes o o Jeku (pl 5l eslail o yladsre
Sy Dladod yre e 10 dS (6 ks Slalllas slasy o (s
sortilye ol (sladglr Elsil G 55 el bago con; Cd oy
Jehy Gl Sgeiel (slsé ol e (oniilye (o3l slo ok
IR DR 3 il a2 3j90 355 3,0 yazie sla S
WS (oo ol |y (2lo)gSB o sk cpl Sl aloxr el i3 5
sl 5 s ools gl S5k ,o a5’ Maumus et al., 2013)

(FR2) YOF-YFF ¥ o)las il ¢ T pole 50 (o sloazily

GAPDH & (5,55 5 bol (5 2 S0 45 45 s, olSis
sl JSew slaloses gl Rotor-gene el s cog bogs ye
Sl 1) odls je030 138l 85 g o a5 ailiw] LsPCR
@ O e Ol 0ges Lasuine Ct slael &0 4 ailiw] b3
9 9 ools ()55 Gl L als S Bl aaiar & 50
Al a8 S b s s See P <o/ 0
Losls ,JbT

GraphPad Prism for 1338l s, 5l eolaxwl b cledb
Oygo & (o5 Glyesie (28,5 18 o) 9,50 Windows
Sylas wloads Lo (mean = SEM) .Sk Gyl £ . Sle
Sh 0L g One-Way ANOVA Loy calizee sloog,S s
R amlie 550 (09 s (Gxe v Gloiay P < e 00 (188
3,90 Shapiro-wilk cos lwg lools yog Jloy .aub,5
8,8 8 anl

hAMSC b Jolw cuins

GoF eSS i S sk Glslsdiee swin o
5 U S Lo el shls hAMSCs ugSas
0 J52) sy bl
hAMSCs _xaws slo,5 o

i S asislgls alsy & BAMSC mban slo 5 Lo
zhw 5 CDY-o 3 CDA- CDYA a5 ol olas mls s S
4 ;0 b Jolw opl Jg wad Ly a0 40 51 2 hAMSCs
(Y JSs) wisgs CDYFo CDYY Ly
B9 pid g gl (27 s Jsbw 4 DAMSC o olu 32l

sx 59,V Flogas o sladohe 4 a8l Loy sloJobu )
odaliv (6,98 LSweSee 2) 53 7 by ules
50 el 50,8 S5, 4 Oil Red O (el K5, L as” wsus
S 3y ¥V 5 e oyl slaJsbo & 4zl L5 (slaJsb
B ondS Slogany sy (6520155, 0, 05T b Lol
stashs 55 Cales 5 5 vy oalie Bl 30,3 55, 4 sl
~ Ky ot Syl Wililgu (Glap Sl gl 5SS Byt
(Y USS) wogy ol o o Sy a4 sl cpend T (65
Olyd gl e lw

TS S350 o i iy 250 S e
FUSL) wloads jiw (55,5 S38ls8see g pegil Yo ol
Cople 39 bl byl 5 plelid ke 4 5 B A
oslaiwl 30,8 aole prw il jload i CoiSe ol 34l
Sedee ol FFO 503 cm™! s confe asls Syl

260/Y# -


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 |

[ DOR: 20.1001.1.24236330.1399.7.3.3.9]

[ DOI: 10.52547/nbr.7.3.256 ]

Tekiyeh Maroof et al. The effect of iron oxide nanoparticles on expression of p53 gen  p53 5 o)ls » loS] SL3sE 3o SKen g Bgyne 4S5

diag Y S5 oS e LSSy S gyl bl a5 ols (i yyglas - usSas (555 55ss Sen iy DAMSCS (5905850 oy =) JSb
Fig. 1. Assessment of morphology of hAMSCs by a Reverse Optical Microscope. The images showed that the cells had
a uniform shape in monolayer culture.
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Fig. 2. Determination of surface markers of hAMSCs by flow cytometry. hAMSCs were negative for CD45 and CD34
but positive for CD29, CD90 and CD105.
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Fig. 3. Optical microscopy images of differentiation of a. hAMSCs into adipocytes (Oil red staining), b. osteoblasts
(Alizarin red staining), ¢. chondrocytes (Alcian blue staining/nuclear fast red counterstain).
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Fig. 4. Characterization of iron oxide nanoparticles. A. TEM image of SPIONs. B. SEM image of SPIONs. C. FTIR
results of the presence of polyethylene glycol on the surface of SPIONS.
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Fig. 5. Evaluation of hAMSCs viability under the influence of iron oxide nanoparticles by MTT assay. Concentrations of

50 and 100 pg / ml nanoparticles at 24 and 48 hrs exposure had no effect on cell survival. In contrast, concentrations of
150 and 200 ug / ml significantly reduced cell viability (**P<0.001, n = 8).
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Fig. 6. Evaluation of the effect of different concentrations of iron oxide nanoparticles on p53 gene expression: No

significant changes were observed in p53 gene expression in cells exposed to 100 pg / ml. However, p53 gene expression
was significantly higher in cells exposed to 100 and 200 pg / ml than control group (n=3,24hrs, p <0.001).

262/Y7Y


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Tekiyeh Maroof et al. The effect of iron oxide nanoparticles on expression of p53 gen P53 o5 ole » olowaS] Ol 36l 1oL Kes § g me 4S5

Pplas @l Fse 6lnl Glaiar (slos S 5o 4y (SPIONG)
oolatul 090 diedun g0 ppeal b gol slaJolw 40,5
Baid gl ppeal 3l oeolatwl Loolyd pl ailais 5108
(Mohanty et al., 2018) aizws canlice bl  wnblise

Oley S as lyd cpl sl a5 Il a5 el S5 4y a3
oen sl E990 S 535 Dgm) b (0D (Slodgi (e (SYob
L oydsl cllix ol ol sl sl b g, 5l S e
Sl 39k Jle S lecen; sloyeddy Gl ity
(Thiinemann et al., 2006)

0,55 5l MRI Lansgs (goliss (clo Jskos s (sl claillns ;o
u_a‘ju..w .Ia....»}: X )L)wy u@]m‘ w!ola.ml)l.ﬁ Pgw
Slsoniilie ol slo Jolu Wigy aslllas oyl 1o 00,5 colaiul
has 3,5 5l as s S j0 wisg eas Slailis SPION | a5’
Andreas et al., ) 08,5 15wy 9,50 TT-MRI aliwsy &
Sl Gy b ol oolazwl ibg aSepl 4 axgi L (2012
Sol 85 S o b g il 4l Jshe  (gom 5T 5 00
Schweiger et al., 2011; Nance et ) atw; ool ;o Slalllas |
slp PEG) Josod5 Ll L 5l b sadss ol ,o qal., 2012
020,5 ooliinl palanuST 0,356 40,5 o g

sbo 3, b alal) o Suil Slllhs wolbesgs ol plos b
Sk Corons 0lu] (Sl g 50,5 Jlailid o o, Sles i g
5 ol Sy (Mohanty et al., 2018) cusl a8 5 &5
e ols wiyls 2 Jshe Coems byl 4o a5 &350
oIl s astes lagy sl 5 OIS ($59l9 590 o3l
Wl e 5o (Joko 15 0elS jlimgogn 5 guilapnST o il
4 Jﬁl‘“’ 9 0 4}‘5/.1 Jb‘ LJ 6‘91'“) 4.>J> ‘o).)yb Couw
Wbor g S o Sooms

Jobw iz jo 1y ldgl glgil 51 S5 Coan (L8 Slalllae
Nowrouzi et al., 2010; ) silos,S i35 alfile;] Lol o
Jlo ;945 (5,90 slalllas ;o pien .(Shavandi etal., 2011
o neS Ty 2l531 b 0,5 34 a5 o lgie o ploel ¥+ VA
($35352] S (55 b b 55 oobe ] T o 4
Akter et) o9 oo (Jobo S o Zaled 3 5 oo S 4 e
iy b byl (5 oS Lpmseiio Sledl o Jl> ol b (al, 2018
)18 3925 (guebline D35 Siwsio;

5 e Sleogas a4 Sdl Cuen 0l S &S sbiles
bl Cllé 5 iy (s3lstyse ool aloz 5 S ol obionds
Buzea et al., 2007; Mahmoudi et al., ) cuils salys S
5 sk b olas o5 52 )39 (ploard (S8 ely> (2011
£ 5 o3l 0550 10 W55 o ;U 05l G i ped &

@ Wlg e mizmed g Webior Gl oo adgl Jle)s ool
Ol e b pled (swi bl Y a il Jole sl ol
Sl el iy g 5 5 A 08 ot |y sl L ko
W5l 6 5V segigel 5 Dbl WS elsS Wgd (oo jeee
s Ol g 0 a2l Lo o Jshes (nl o ;o MHCI
BLF 508 4608 3l (lsise 500,50 o 25 ) e (e
-8l 4 g ol Glol ol s a9 3 las (IS Slla>Me o S
Lt o oo alblia i 5 WS s s 43l sla
W b cilizee glagler 42 25,08 (s 53 08 5 aKaL)]
(Zhao et al., 2005; Hida et al., 2008; Miki 2011)

Seigeel ool ladsl silolaz 4 lasllas o (ki
aS ol ooy ylias Gaiow ol jo aS Bl gleye Jdls b
oo e glaos, & sl oo (Sigeial g0l slasbo
L el g ady oy b oras sladshs 03, alex |l
5 0yl oS g oS sladshe «eign Gy LS
Fled )lo (cogen (B EBL (qwiige 50 &S Sl sla ol
.(De Coppi et al., 2007) sl

oetilie ol ladshe (o2l 22 9 Sge (Sb3) (B
slas S oY 5 (5555 ol lays oy (5,550 5
(3 b ok 7S g b jgaimg (JUl (b3 50 9L 555k
lop sl 4y (g iss sl sk JBrt g 2SN iSS ISl
Ol slags Lo cuz (g8 (Sloys 5 (et slahs, aid i
ESl 5l ,5l8 5 cwigesil (Lin et al., 2015) &S o ol 3
@33k b g o )8 callanlesl Lulpd o Jobo casS slaaylf
Jleds Glials) a5 pleaigel 5 (g0l o sk cuiS sl 1, YL
el 433 s |,

—oiSly 50 e slaanl B psls Sda e Sl 9L o9 5l
Wload G Kamgsy 4y cdx ceb (29)l 5 (Siodem slo
bl Oloyd 5 pansis wadsl oo, ln sl sl
ey CoitSe ol @8 518 ool 3550 (S5 slooje>
15 3 sl 3 bl ol GVl pmibliin ol
3 e 5 sy SNpmns srblite 5ol il S
oolaiul gyl JUl alex 5l @l)d pwndblize colon yizren
(Gupta & Gupta, 2005) 54 e

Snlo b (alanSTEld (o) &y glaalllae o ] Ktns5y
ol g axzBley MRI ST 50 9 g (9,500 olal jo calizes
Gk 3l ledshe 2l sl 25,5 olal o lyd cplas o )5
2 olacsSTald Bk 5l g aiws cwslie (SE)Spin echo
MRI alewss & baJshes (o) sl MPIOS) (35,50 sl
laenS| slae 346 (Shapiro et al., 2005) sxiws 4

263/Y#7Y


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Nova Biologica Reperta 7(3): 256-266 (2020)

slecdsle b azlge ;0 hRAMSC lo ol aslllas ol 5o
O9emobgSSl 51 o o toleyl jo a3 1,8 SPIONS Calises
e g5 Yoo g V0) YU slacdale ,o SPIONS U la Jsle
53 9505 b ok 55 &5 5 Jsbo oo Gl e o
S0 Ol rizmed 53,5 Iy aalS 5 285 )15 b cow
RO IR R P RO I P53) Sl )9“9;] 30 Jeo
ol Cos Cge 45 0,350 Sl cenlin clale Gl o
oS Loy |y 35

‘;.: L oodds oalo Y )»..ayb Y- ‘EMH o)L).:‘ L LSPION
Voo b glacdile 5 1) gmy BB Coan U555 oLl
) Bt smetlie 5ol sl 5 ik 0 055,500
olis axlse el YE 5 (MAMSCS) ol Seogatal (glic
Gkl ke 2 psS oS Ve Sl Yk glacale o g ool
Oilesl b sialys Jom S e g Coon 4 i g (Ul
Slas PI3 15 ole Ol 6 5e5luil g1, Real Time PCR
RN R T SRS SN RIRECR SR P JRR
Sod oo 05 crl Ol Rl 4 e S350 5l YL g 2 e
oS Ll ) ogice Sre s Jshe ol @ i ol 0 oS
Gl yons 30 (oot o5 P33 (5 bawgi oad oS (g
58 e yolie Jlal T as 5l Lo olo adawlg ol 59001
0l S ,aelp e a4 i Coles 40 g 0oldl ol 4 59|
S B a5 ols i ados ol Cales o b aales sk
5 sstsl Gl cel SPION oYL (glaclale om0
ol b oplpln ebioe Gl (certilie solt slagbe
5 pSe e Ve o> Clle L Sldgl oS ab et wyy
el s coslie ool sla sl 2bs) Sz 2 e
asles o 0,390 5 angy cdale b oads Jlolis shAMSC
WS 18 eolaiwl 0,90 Sl G g L slale,s jo
seee | Gl o Lss layy 500 oy e ol aslsl o
Ol Ol awy p Geimmen dajLulS colgils slayy ales )
5 Sl laygSl g (659,55 w53l slagyy » Sly3eL
e oo Sleid o3k slaske

& Sl
ol (sacaslus 5l (pizran 5 it cpl fygls 5l Zuled o

Sydise ol Bl 09 nl 2 St 5o Glnl (S pgle

(FR2) YOF-YFF ¥ o)las il ¢ T pole 50 (o sloazily

50 Oldgl cdale 5550 10 0l 00l sy Jaldl 4 iy e
@lasllae o ol 48 3 &0 obj Gl & Slidod Coons ol
9 AR203 Fe304 ZnO Ti02) ol3ls oSt &l 3gil oo
3 ol Soglicie slacdalé s iy sla sl ,s 1, (CrO3
& » (Jeng & Swanson, 2006) wlesls 3 _w,p )50
Neuro- sla sk 45 ol (L o 55uss e lalllas Ltiliios
sladale o wils |13 (Zn0 o9 4) 36l (oyme 0 a5 2A
RIS e D [N T PR P
stasbo 5Slac ol ol 1y gl o i 5 ko 5
2SS0 Ve B0 0Zn0 Load axlge slaJsho j0 So=
Jeng & Swanson ) ab o el pzg BB e 4 i Lo
bl b 0,35l Gl glaclile Lol asllas s (2006
R lanST 035w aseiie § S5 B )z 950 (p0lanns]
SRS RTC I A U PRSI
Voo W daclile 5 039 oyl a5 Jl s s b sk
2818 1, sl gleous; o5 HB en 4 el e 15 05 S
el D98 oe Joho 0 00 (63580l S0 £89 cge g 03l
L o9 Cuz o2 3l (S gyt adllas (o odel Cans 4y b
Slasdllas o Guiod pl bl o cwl aisy ol o (Jud Slllas
SPIONS _iSos s 12855 90 (6 bl aws Y14 Jlus o 45
5 5 e bl o D3l cew il S0 ST 9 DNA L
S ol plas (g9 Dhaline gl S35 13 w3590 (5 090
A 3 99,95 (50 Nany SglS el Sl b palaanST 36k
Sl b ol (Bl 5 3550 25 DNA b uSloas
Sl 1 o Jolor Sleoss auo s wlsl Il g clonnSTy adgs ool
(Ansari et al., 2019) was o

S ol Ksegs ple lawgs 485 &jse Sl Gl )
ool el g5 (2l 6,555 o Canl el 31 (S 35
o oSl 55505 Jolo oo 28l 5 oo e
ol oyl adlas ool o a5 (Huang et al., 2009) 54 oo
355 b pmniilye sl slale 05 s o s,
Ol Ol g 098 g0 a5l nl iS5 Gal33l s TS
Jslos (33,0 SPIONS Lausgs b lapnS Ty B oy yal o]
ol (ol a3 12 (g SloansS wilas 035 Sl 4
iS558 0,5l Sl anlie (ol 5o o cad 55 @ 3 el
oS35 s b alasTo )35 Lo S Col s oslica]
s ol 4y ol axdllas b asdllas oyl dnglio 51 ol ]SS
oo Sbml pas b sloml )3 0,39l by £55 45 S pels>
ol Sl Bl s 0,350 sk

264/Y7f


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Tekiyeh Maroof et al. The effect of iron oxide nanoparticles on expression of p53 gen P53 o5 ole » olowaS] Ol 36l 1oL Kes § g me 4S5

REFRENCES

Akter, M., Sikder, M.T., Rahman, M.M., Ullah, A.A.,
Hossain, K.F.B., Banik, S., Hosokawa, T., Saito, T.
& Kurasaki, M. 2018. A systematic review on silver
nanoparticles-induced cytotoxicity: Physicochemical
properties and perspectives. Journal of Advanced
Research 9: 1-16.

Andreas, K., Georgieva, R., Ladwig, M., Mueller, S.,
Notter, M., Sittinger, M. & Ringe, J. 2012. Highly
efficient magnetic stem cell labeling with citrate-
coated superparamagnetic iron oxide nanoparticles for
MRI tracking. Biomaterials 33: 4515-4525.

Ansari, M.O., Parveen, N., Ahmad, M.F., Afrin, S.,
Rahman, Y., Jameel, S., Khan, Y. A., Siddique, H.R.,
Tabish, M. and Shadab, G. 2019. Evaluation of DNA
interaction, genotoxicity and oxidative stress induced by
iron oxide nanoparticles both in vitro and in vivo:
attenuation by thymoquinone. Scientific Reports 9: 1-14.

Bai, W., Zhang, Z., Tian, W., He, X., Ma, Y., Zhao, Y.
& Chai, Z. 2010. Toxicity of zinc oxide nanoparticles
to zebrafish embryo: a physicochemical study of
toxicity mechanism. Journal of Nanoparticle Research
12: 1645-1654.

Buzea, C., Pacheco, ILI. & Robbie, K. 2007.
Nanomaterials and nanoparticles: sources and toxicity.
Biointerphases 2: MR17-MR71.

Das, A.K. 2009. Stem cell therapy for critical limb
ischaemia—a review. Indian Journal of Surgery 71:
177-181.

De Coppi, P., Bartsch, G., Siddiqui, M. M., Xu, T.,
Santos, C. C., Perin, L., Mostoslavsky, G., Serre, A.
C., Snyder, E. Y. and Yoo, J. J. 2007. Isolation of
amniotic stem cell lines with potential for therapy.
Nature Biotechnology 25: 100-106.

Gupta, A.K. & Gupta, M. 2005. Synthesis and surface
engineering of iron oxide nanoparticles for biomedical
applications. Biomaterials 26: 3995-4021.

Hida, N., Nishiyama, N., Miyoshi, S ,.Kira, S., Segawa,
K., Uyama, T., Mori, T., Miyado, K., Ikegami, Y. &
Cui, C. 2008. Novel cardiac precursor-like cells from
human menstrual blood-derived mesenchymal cells.
Stem Cells 26: 1695-1704.

Huang, D.M., Hsiao, J.K., Chen, Y.C., Chien ,L.Y., Yao,
M., Chen, Y.K,, Ko, B.S., Hsu, S.C., Tai, L.A. & Cheng,
H.Y. 2009. The promotion of human mesenchymal stem
cell proliferation by superparamag-netic iron oxide
nanoparticles. Biomaterials 30: 3645-3651.

Jeng, H.A. & Swanson, J. 2006. Toxicity of metal oxide
nanoparticles in mammalian cells. Journal of
Environmental Science and Health Part A 41: 2699-
2711.

Jiang, Y., Jahagirdar, B.N., Reinhardt, R.L., Schwartz,
R.E., Keene, C.D., Ortiz-Gonzalez, X.R., Reyes, M.,
Lenvik, T., Lund, T. & Blackstad, M. 2002.
Pluripotency of mesenchymal stem cells derived from
adult marrow. Nature 418 (6893): 41.

Kumar, S., Jana, A. K., Dhamija, 1., Singla, Y. & Maiti,
M. 2013. Preparation, characterization and targeted
delivery of serratiopeptidase immobilized on amino-
functionalized magnetic nanoparticles. European

Journal of Pharmaceutics and Biopharmaceutics 85:
413-426.

Lin, Y.X., Ding, Z.Y., Zhou, X.B., LI, S.T., Xie, D.M.,
LI, Z.Z. & Sun, G.D. 2015. In vitro and in vivo
evaluation of the developed PLGA/HAp/Zein
scaffolds for bone-cartilage interface regeneration.
Biomedical and Environmental Sciences 28: 1-12.

Mahmoudi, M., Hofmann, H., Rothen-Rutishauser, B.
& Petri-Fink, A. 2011. Assessing the in vitro and in
vivo toxicity of superparamagnetic iron oxide
nanoparticles. Chemical Reviews 112: 2323-2338.

Makarevich, P.I., Dergilev, K.V., Tsokolaeva, Z.1.,
Boldyreva, M.A., Shevchenko, E.K., Gluhanyuk,
E.V., Gallinger, J.O., Menshikov, M.Y. &
Parfyonova, Y.V. 2018. Angiogenic and pleiotropic
effects of VEGF165 and HGF combined gene therapy
in a rat model of myocardial infarction. PLOS One 13:
€0197566.

Maumus, M., Jorgensen, C. & Noél, D. 2013.
Mesenchymal stem cells in regenerative medicine
applied to rheumatic diseases: role of secretome and
exosomes. Biochimie 95: 2229-2234.

Miki, T. 2011. Amnion-derived stem cells: in quest of
clinical applications. Stem Cell Research & Therapy 2:
25.

Mohanty, S., Jain, K.G., Nandy, S.B., Kakkar, A.,
Kumar, M., Dinda, A.K., Singh, H. & Ray, A. 2018.
Iron oxide labeling does not affect differentiation
potential of human bone marrow mesenchymal stem
cells exhibited by their differentiation into cardiac and
neuronal cells. Molecular and Cellular Biochemistry
448: 17-26.

Nance, E.A., Woodworth, G.F., Sailor, K.A., Shih, T.-
Y .. Xu, Q., Swaminathan, G., Xiang, D., Eberhart,
C. & Hanes, J. 2012. A dense poly (ethylene glycol)
coating improves penetration of large polymeric
nanoparticles within brain tissue. Science Translational
Medicine 4: 149ral19.

Naseroleslami, M., Aboutaleb, N. & Parivar, K. 2018. The
effects of superparamagnetic iron oxide nanoparticles-
labeled mesenchymal stem cells in the presence of a
magnetic field on attenuation of injury after heart failure.
Drug Delivery and Translational Research 8: 1214-1225.

Nowrouzi, A., Meghrazi ,K., Golmohammadi, T.,
Golestani, A., Ahmadian, S., Shafiezadeh, M.,
Shajary, Z., Khaghani, S. & Amiri, A. 2010.
Cytotoxicity of subtoxic AgNP in human hepatoma
cell line (HepG2) after long-term exposure. Iranian
Biomedical Journal 14: 23.

Schweiger, C., Pietzonka, C., Heverhagen, J. & Kissel,
T. 2011. Novel magnetic iron oxide nanoparticles
coated with poly (ethylene imine)-g-poly (ethylene
glycol) for potential biomedical application: synthesis,
stability, cytotoxicity and MR imaging. International
Journal of Pharmaceutics 408: 130-137.

Shapiro, E. M., Skrtic, S. & Koretsky, A. P.2005. Sizing
it up: cellular MRI using micron-sized iron oxide
particles. Magnetic Resonance in Medicine 53: 329-
338.

Shavandi, Z., Ghazanfari, T. & Moghaddam, K.N.
2011. In vitro toxicity of silver nanoparticles on murine

265/Y70


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24236330.1399.7.3.3.9 ]

[ DOI: 10.52547/nbr.7.3.256 ]

Nova Biologica Reperta 7(3): 256-266 (2020)

peritoneal macrophages. Immunopharmacology and
Immunotoxicology 33: 135-140.

Singh, N., Manshian, B., Jenkins, G. J., Griffiths, S. M.,
Williams, P. M., Maffeis, T. G., Wright, C. J. and
Doak, S. H. 2009. "NanoGenotoxicology: the DNA
damaging potential of engineered nanomaterials."
Biomaterials 30: 3891-3914.

Sridhar, S.S. & Shepherd, F.A. 2003. Targeting
angiogenesis: a review of angiogenesis inhibitors in the
treatment of lung cancer. Lung Cancer 42: 81-91.

Sun ,C., Lee, J. S. & Zhang, M. 2008. Magnetic
nanoparticles in MR imaging and drug delivery.
Advanced Drug Delivery Reviews 60: 1252-1265.

Thiinemann, A.F., Schiitt, D., Kaufner, L., Pison, U. &
Mohwald, H. 2006. Maghemite nanoparticles
protectively coated with poly (ethylene imine) and poly

(FR2) YOF-YFF ¥ o)las il ¢ T pole 50 (o sloazily

(ethylene oxide)-b lock-poly (glutamic acid).
Langmuir 22: 2351-2357.

Tiwari, M. 2012. Apoptosis, angiogenesis and cancer
therapies. Journal of Cancer Terapeutics and Research
1: 3.

Verma, V.K., Kamaraju, S.R., Kancherla, R., Kona,
L.K., Beevi, S.S., Debnath, T., Usha, S.P., Vadapalli,
R., Arbab, A.S. & Chelluri, L.K. (2015). Fluorescent
magnetic iron oxide nanoparticles for cardiac precursor
cell selection from stromal vascular fraction and
optimization for magnetic resonance imaging.
International Journal of Nanomedicine 10: 711.

Zhao, P., Ise, H., Hongo, M., Ota, M., Konishi, I. &
Nikaido, T. 2005. Human amniotic mesenchymal cells
have some characteristics of cardiomyocytes.
Transplantation 79: 528-535.

kxkxk

How to cite this article:

Tekiyeh Maroof, N., Aboutaleb, N. and Naseroleslami, M. 2020. The effect of different concentrations of iron oxide
nanoparticles on the expression of p53 gen in human derived amniotic membrane mesenchymal stem cell. Nova Biologica

Reperta 7: 256-266. (In Persian).

o gk (ool sloJolw 0 P53 15 o p palacaSl ol dgl calize glacdale I o YA e oMY ol g .y ccdlbgl ey B o 4SS

YOFYEF Y s pole )3 (ng sloaidl . Glul SSgial slaé |

266/Y75


http://dx.doi.org/10.52547/nbr.7.3.256
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.3.3.9
https://c4i2016.khu.ac.ir/nbr/article-1-3296-en.html
http://www.tcpdf.org

