=
i

’ WMJLM\a)u|ﬁ>Ju|u§;ﬂ¢,ua&u\>u~

Obled 9 $3l9a wlacl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

6)9)e AlBs

oij sladglw 30 (59) s sla sl gil Ol JT il

¥ 1595 dwor 65l il a8 ol y coulic Al Zgy (g Lo olrw FAil 3 w9 o < 50l9a plic

Ol el cobg,y oKimgs «Kim b g ple olKisls « cins ) slacs, 51y g b pole 0aSails «SLasj 09,5 -
Olrl ol (Ol ol tpghy «Sip b g le olStils s slacs 51008 5 il psle caSitils ( JsSge 5 ko olidicanyj 05,5 Y

Ol el e i e ol8ils (558 09,5 -V
Ol el e y8 giaio olRils oS58 09,5 -

Olpl el (b, olRags « 2Euils slgz soly slo Joko (5,5ld 5 (cwlidicuns) 0uSid gl « usSS ewlicduw) 9 ol slo Jokw 0,5 -0
Ol el coibgy oRimgsy ( 2Riils sloa Jioads (Sij pole 5 cwlidcun ) ouSingh « il 09,5 -F

VWAA YA callie o pdy o,

VPRA/- Y0 sallie il o g 5

ouuS>

S 0015 5 3 yn S g ecliin gl 55 s slal (508 i Siash V5SS s 15 1,5 45 U gl 5 35Sl
ol 3lz 9y il ogmp sl s &5 (60 B pamin o Thy Jodo & )0 la s lusil s ooyl (958050, B)las wals (S5
35S oo )8 aalaniuls 50 ST ws slap S 5 o]yl olge ;0 UV anil Gl frizmad 5 (2138 Slge (gomates ;0 5,55L as Jole lsicas o 3igd o
a5 ams oo lis eadploul die cpl jo a5 Sllllas .aiily comw 0diy Dldszge (ly wilel oo Y slacdale jo ba )Lolugl ol cute sla Shg 9929l
(slool, (e 5 5Ll s slo oS5 5 Lo 5 oo B Jolo £33 el 550 1 lsae 5 s ol 5 (silien slo,5556 5 e
ol g 5T o] sl G0l adgs Jolds b Lol il Jansgh Coms alou | (golgiiion (sl pmilSo caisplonl ladllae Gudo o)l b odi ) Slog>ge aglge

Slrl 5 S5l Sl Geizmen (o b i po (Sl g Sdgi 50 e 5 Ble Glo i Ol )0 et 5 (o955 Saroms ] 1 (BB g3l
Oizeed 905 (o0 |8 oy 9 S350 (S90S T LS Lol Corons Slomsl SlapansilSs aslllas ol )3 a5 Canl jem T sl Cales ) 9 (Sl slagaly

B9 a0yl 05y Slogzge 0 ily34l cplinvivo BT &

)3,45.‘1 ot oy oS | olﬂ G UG, (59,00 (6550555 g5 1 guadS lals

oals ul.mJ )...>‘ Sldlao sl aliSo @L.,o 9 |°5l'c I ).».49.:L>
S ol Wigd S8 gl s y0 eole G 13 T el
alox 3l a5 il wnlys adgl ol 3 L Solae sla S
S ol Gl (o ) gl Cond Al 4 Gl o
Bz plem pl ol (YY) vged o,lil S on il g
mounST sla tslugil o gas Lyl 00 S (glas p)lS 4 oxie
Ohitslysle axil g (6,5 o3l ST (g 55 gla sl

dodso

sl S5 5l lome e «(Nanotechnology) oU (5,5l
Yoo )‘ )~o.§ dl.ba)‘du‘ B 0‘940 qu) 9 gl....o...w “5i>r3

pole 5 (oulidicamy) 0aSiaghy (S5 09,5 (iyg5 e gl Jghume o g

Ol als «ols, iy o aRuils sl Jroads Sij
Email: gourabi@royaninstitute.org
https://orcid.org/0000-0001-7277-4898

bty 5 ool ladsle 09,5 o5 yuiSwl ALh )8 ipgd Jodumo ouiumngi ¥
Kiagh (Rl sl ol gladshs (50l 5 (bl oaSingly (255
Email: esfandiari65f@gmail.com

https://orcid.org/ 0000-0003-3785-3149

Olrl ol 0bs)

journal.fums.ac.ir



http://journal.fums.ac.ir/
mailto:gourabi@royaninstitute.org
https://orcid.org/0000-0001-7277-4898
mailto:esfandiari65f@gmail.com
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

590 ST 5l )l lugils il @uillo

WAl [V sl | eas Il | Ls S35y 0 5ke 2005 alone @

o..\...'::‘s..u)ﬁ in vitro O ygods u‘)‘ml.......u 9 ).o.‘;m ‘ra; “.if.l_‘?
Sl oaneie cadelxl Gldlas anlie b o4 ool
QST 5 0,85 ST (59, ST oz 5| Calizes (glo Lzl gl
Olsrear (55, 3T la liSlugill walides Dlagzge e
Brae 4 dzgi b .(V0) Wloadganaiws somw jlows S1)3
uLC)Uo‘ m).a)'j) é&) e LQ)LOL..J%»L u.)‘ oﬁ)lf w.a‘)ﬁ‘ 9 }/L.
W » o)asd.v ‘o.b')’ u‘éﬁ?}n » LQUT Camouw (§dun0)yO
Sl ol Pl Slogzge sliy Laas o a5 Jiealdss
el Yl (g2 5 Anlllae & 5lS g 009

Copos 3L g Jolo s oty

51 lesl asle calbisre Sl pundlSo &b 5l Lo lislugls
Gk 5l L GseesSB 5 jetemanl wld (sl i
e A Nigd Johoo 0l Wl 0 Blis 5 S sl JUIS
tdols Jsbo 4y o,z lugil 09,9 (5l cadanslis Lol

4 Jate WY e pl j0 a8 10 US4 atislg ol N
Jobw 3)ly g 0ad (n WS 5l eandy (JsSus o)l w0y
RS pejgnl 4 g ok BMie 0SS JsSo59 cnl wgbios
23,5 oo

Joyads g adoSianl e slac sl Lol Veigls Y
Jaslansd 59805 slls a5 sloods 115 04,9 40 45 dliwn
Wl s sl G-protein & faie b g Jgo jel

S b Johos (51 55 & ol (5523 555 Sle T
) plad sla Soaz p 055 (njeme 9 (5T AL Gdle
9598l Ly (red ST L e 5 035 S SR
-0 095 3)ls |y Jslo )15 Slule 51 SYb e coalioley]
(Y P) oS

Fhoossrd o o laylilugil (Jolo ©a g 39,9 0920
Ban Joko 95 9 013 o3lail alesjl il Jalge @ oyl
slogul sl o oyl ple o odle o)l S
aites Llo 1) (gunlS i olge Bd> g @59 ((Sajele
2o oS 0 (g9, ST la,lslugl aSLulsl (1Y)
looly 51 (S0 S o 518 eolauls g0 allesls) 5 i
5 ler slaoly g glaciul 5 (5)le5 oliws &)k 5l og)9
A..le S)90 LQM UJ‘ u;oLo.i )‘ Couw él.?u‘ 9 OM‘S.»))J
a3 Jl cwyp adlas ol o ol ad 518
5 Jobe 52 Ol soms BT 5 59y 28T o)L lugil s

journal.fums.ac.ir

el qlaan T o alor ) (S slas )5 oizmen 5 (F)
basylom 5l slgil Gloys b pardets (puSTy dag)lo Jlas
Olgi oo b lislugl (slos oIS o g 31 (0) csl 00y
Sl S ysbar 3,5 0 )il oy Loy 4o oyl 5l ookl 4y
pas g (5 5098 <AL yoly J18 Buw g )l Cosolasl 5l
9,1 olyon & la,islogil cnl 5l plle glaJslo 4 o]
(Y ,F) 09 oo oolaiwl Lol

oz 05 JU Gl 5y 2SSl )lislogil ) rizren
Sl oals las Slallae (A) cosl cadoslarw! b s yloyo
ki el sla 55l 55 g LS Lagil ol a5
(INViv0) 0uij 35250 oy J&Is o 1L12- 4 IFN-y TNF-a
QA Jus 50 9 258,85 o (INVitro) olKisle;l Jome ,o o
iy 1,3 logl ol caslie cdale 51 olb e 0o gl
Olss Sl sladshe Gon o 5l cwx TNF-a obxl
S gl e o Ths 5 Koo 5o Q) 55 oslic
ol @iz g granl s ansl ply o clable LUy (55, S
sloeyS 5 il S¥game )0 lap)] 5l s (en 4w
ST 6l i Lol () +) 395 oo 08l LT 0 g & 50
ﬁ)b;’)biﬂiL&A)QLbQTWC\.{éjﬁmdybwgp;)i{dj)
OBl (rlnly g aten 6o i STy Gls S5
Flaarg babee Gl bl b bl puSeay
S slesbe ah, SRl g5y s8] 5losl
Ol o) ehst U 60l Daesys B slacd iy
Slod S sl g b Sg Bl waa o 5o LS Lugil
OV ) el oo Sl )8 1) 9,500 as Jalge

ol Wldg>go 2 (59 S (b LS Lwgili ST (o

e el S o 515 & 555 51 g Lo i il
Sz 0 e el Wi 5 Golite (Sojglem lagaly
(ROS) Reactive Oxygen Species ST ol51 sla JIG0l,
(Joho Sz )0 s wile (Jobo 53 (o0le s sla S,
N Oygotr @ bLSlogl Coow (ow)n (1) & p2les
pleal N VIVO & js0dy a2 ¢ calize sloJslw (g9, Vitro
gz 4 INVINo & a0 b isles] ol plol Jg 0,5 oo
S8 Sy loolitul g jeS anje Bro 5 (o9 pdy WS
ST el i logil coms S OVE) sl canslio g,
B s S abex ) alisre oy Sldgzge sla ok ;o 59,

Y444



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

\YAQJL@_J\o)w|ﬁbdb|w&ﬂrﬂﬁa&b\éw

Vbl 9 39 plicl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

sSles pE cge Gy eS| slajlslegl e
S oS oo sladsle o Wsbie ssuml 5 6,0S sie
O Ol g Jeke Casns (093 Carons o ge WlgT o0

Sbnl GlapusilSe (rized § 0,5 0 Djpo (0555 Cuem
IR oy g Eoudye gy wnST sla lSlogl oo

Jﬁ‘“.*-“s‘wﬁaﬂ!l
e {1
@wrmﬂ

il "

S o bl I

el
o stefhg s

¢ (0 sed)
¥
| B

T e ,el--- g

Gl logl o clile () Jsaz) OF) wWss e

sladshe ;o (59, aST sla lislugl Slsl Coaw =) Jgu

ESEE IS

9 S| slo )Lz Lugils

5 o5b 59040 s DNA & ol

&30S g awgs saadgs ROS 5 sl
ok pmdsie i 635 Jko

5 ol jo Pl
9 S J dJ e ol

l2b9,98 S3dg s 9,5 os

(5 S gige o ,Slas jo Pl

T et Sz Sy Sedhg yod
550l 9 65598 50 s

B snle oJg Wl Cenngai)

15 sk 5 poFaSen 1+ e | TRIAS (ol Jsbo
Sedee 59 055,500 10 clale 5l Lagidlg s sla sl

Y~~~

53351 L3 Lo gl a1 Selad g —) S

Pl e punsilSo g 0091 4glgn glool, 5 Mol o iz Lugils

L lugl Caouw o g gudS sla,eu56 )
59 S|

Jobw g4 -)-)

Pl b Lo lugl o sbul jo @l sla Jokw S5
sl tlogl Jlwae;,e a5 gladlas o col Cusal
ools Hlas wl plil So3 sla ol 5 b )siSE (g9, ST
5 dubw sl JodS ol Coge YU clale o a5 0l
CoSgled g CO e glaedS GialS 5 GmslSsen
E9 4 aiug b Jolo a5 59,9 51w o LSLugil ((VA) 0 5
SaS sladsbe )3 55, weeST sl s logilh Jloplgicay
5 00 laJslos onl & ol el gl (o sl Wl 5 510
Jols 505 w2 el (69, o2 lwoliT b (omae sl ok o
sl 53 s se e slaJUIS s Shac 3 LS5 i
@) Sedligred ;o 5 odd pendnlle )0 sS g kS

journal fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

590 ST 5l )l lugils il @uillo

WAl [V sl | eas Il | Ls S35y 0 5ke 2005 alone @

L lo,bolugl fuizren aijls (g in (633005 (lawsdly
sl (e Jb b slacey v w00 St (s L
s Shy S O) wsS i eeies jsbar crresd]
a8l goz gy Sl (e 0925 J S bl Logil el
5 BJsSse b (Sohar &5 s S5 655, Sld
slowl jo @3l odaws il £9 Huzmen (YY) 28,5 oo
3G9y eS| Dl30L Slaiie;, aS glasllas jo o Sen
30 e b as ol oolo lias wols sl by SOl £48 S
s Sl slass ol JiSlogl ol (ol 2lisy g8
5 S IS pslateds o il (VF) 005 lag] Lawsss
Sldllas 4 5ls Canlase 5 Ll p b,lslugl ol 5

el aiey ol 0 00,008

SR M SNl Y-

Spd Pl oo sl jo Ko guldS sla, S
Y5 51 a5 e ppo Sing S el el (5308 (sl
15 063y damST sl kit Lugil o554y b liLuogil ams 1
Glogys s3lwall Juds @ a5 55 o g 0035 Dlogzge
S ladlas 5 S e Jel | 055 ew 1 o3l
sl Jsbo jo JLzlugl opl Slods;,o ol Ken g Saptarshi
olowl Jdo aS al eols lad caiols plosil Lusl (9, JLL &
D3l s pd Pl Jolo 95 cnl 3 0)353L (nl Caon
4 p3Y rizmen (V0) cul 59, 05 3loslil 5 555 9S]
2 p53sl 5 pojesd S plaSeluil gapul pH aS ol 573
wil J S sS bl logil az jo ool S5e ooy g5lusls]
OB ol Coa iy g aily i @iy Pl
(Y7) b oo

agzlg0 boly —F-)
Solie Il Ay e wlgs oo aglye bt Gl jne
(s Sl Gosb 5l 38 9SSl S lugils s S
5SS e s 3l wles e ;00 sl 5 sy« Slao
S Cl gl slool, Gl Gy 40,3536 cal 9959 sloel,
(2l dexil b mlo Gl o ohisa

journal.fums.ac.ir

sledsle j0 uoren 0gd o0 onye glanlST ol
5l i slagnBSgule gsluslil THP-1 (g5, 5L
30 g o eamlie ol g0 6,855,500 VV/FA clale
2 o5 P e Sl Sl g b sla sk
5 o U 5 sl el Lo ool (S50 (slo s ook

A5l e ol oo sl by

7w s S 9 ple -Y-)
gl S8 le b )islogl o ba e gla S5y
305 o0 bapl e 4 gl s R crge &5
wzge v ) 6 s 5 bl 6258 L adly)o
sl a5 o0l Lt Elalllas 5 o layT 6y iSTy Lial3il
S e 1] Ly obolons] Cnons oyl m b o L3 Luogil
e Ul yegili Voo 5l S plo b lajlisbogl o)l
9 4d 5| e (QUlg Jagil Fe 5l a8 Hlo b g Jobo clae
Sihe — P9 Sl jl e QUG agl YO 5l a8 nlu b
2 (B8 i Ol Gosb 3l F5e jsbar cnlple Wl )
o )i lugil 503 (Sgm 51 (V0) 0535 o0 @398 o slacdly
3lam g eddodar S8 009y Bk 5l S&sS ple Jdo &
JLastl oS g aldS re s Glisie Glacdl 4 (95 @ 0955
Fobo 23z Oliee b la)liSlogl ple (5 obar il o
il Crge o] plo ialS 5 atils gaitece abyl, byl
Lol Lol G Jolas a0 0005 o0 Jshos )0 bl ez
oo b g (Jobo Coon i aliSie ST o JsSUgages o
cxrge S5, SIS dah)liF p L Sebee o 1y (5055
Lad slagratis n 4 JLail oyl 5l Jsbo (sLid &y (soils ol
@ Lad il jeee by oo 5SS OIS aS Jloys 995 e
&S (glaallas 5 (V) A0S 0,5 sl Jshos 3o (sl
ol ol plowl sl slolomssitl (55, o) San o Shalini
S,y poely adl 3 S5 Dlhdeil ple jad » a5 ol ools
35,15 Jsbe GDNA o (gt oljoam! &35 5 o0l s

(YY)
1oy 5l o)l lugil (ol sla Shg e p ogdle
L Lol Lol odas yobods emslnsy] omams slol o (saulS
glas e L L yae Jols Jdo 4 code (b L

AR



http://journal.fums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yung%20MMN%5BAuthor%5D&cauthor=true&cauthor_uid=29162907
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

‘_‘g,:’ A4 Sl [V oslad | s b | L (SCigy o sle ol K00 alnse

Vbl 9 39 plicl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

o0l Ll ) il (ool alony] 45 1, Ui i3 Loogily o S
(ROS) iy5unST Jlub sloaisF aiile sanlus] JISuol, o o
gl oyl sl 5510 ool (sl 098l Jole S
ge Wl oo Bas Jsho ;5 (55,908 LS Lugil S 51 256
51 Jol> ROS (YA) 05,5 i9u9] @l me o Jled
Jib 5 (6,05 s o] g Wl oo (50T 3550

Jsbo Syo g abgpe sismm! Sl slo s o

DA, &S sladlae O s Q‘)&o.tb5 He .(f+) Sgd Bas

ol bl LosS Jlusiial Jsbos 52 ggydmST Hlislugll il
Jsbos 2,5 9 U3l 50 saiolj] (55, lagye a5 aisls jlas
o Jlb g g oad Johe (§aS e ol 4 i
() Wigd o (5550 5) Sl e
SSalwl S 525 @b 5l peiites jsba b b, Logil
Jub loaiss adgs sl carge (5,08 ge ol sl
el oadadss oo b 5l L s W95 o0 G5enS]
e (V) widl e il ROS aly sl Lo lislugly
sl 6 1S giae 033,250l J] 0 jz; ROS lsi st
G e 4SS b ple o lajlislagil
5 09I JEl oy Al & e Wlgi oo cl 0l
Bl 5l (S mizren (FY) 090 ROS LSLid G jo0 aoeyil o
# SIS il ooyl 005y glaJslo ;o ROS ags
sl &9k sl &5 Sl (oudlygian SU5g 0eme Dlind
g5 co NADPH = NADP+ Ll by 3 5T sl el (65905
ROS aJg 4z 3 (NOX) 5lawSI NADPH S5 5 el
Seislend Ll a5 aiies LS5 LROS (FY) ssi
S S 3l 90092 (5902 9 3l0 90 00 Shdgrge G (sl 0
Lasgio oo ;5 ROS 3,5 1, Jsho &) sl sl Jmilsy
wile Jobo U5l Cllisl o ols 5 cpe slod
OgaliemnSTanl 0alais 5 ()5 Olo 2SS ( Joho sla U
5| Jsko ool el ROS (VU zslans 5,10 sl g (gens)
2 Sy s Sl g G GseelaeSTy Gk
gy pebats 5 SlliSew losSlae o U5l 5 DNA
S lon by 4 e Coleys &5 AT g,
5 89 9 Sl Glaglon (omas slacewl (555
oSl Qdx b sy oo ROS (YY) wo S (oo 5 m

AR

3 3 Logilb pl b oS caol)] SV pamme g g (Saig Sl
ooyl el (g3 F9 S 3 Heue b Ailgl co it LLS )|
ol Wgh 635 0 (o e 4 ol 5 Sl slagls
Loitns g 0 lagyg,95 3,1y (2l sl Gl 5l wiilyi oo )3
Ol e (YA-YY) 0iiS oy g ewd G300 s Jolos 4
Gt ;0 b @lae Blge yo (So938l g0 lalilugil
O 3)lg G o 5l s plas g 4135 15 oliils g L]
035, Sin el @l Gk I GBI pieas )0 5 00
il clapll 4y Al o g o0d e3 50,5 Ol SarsS
odre oyt (gduwl laore S oy pwies W
A ps amdge Gl 55 g gleolil 5 6y P
Sl 53 500 SadS sl Sl 51 (S lyieas agzlge sleel,
99,9 6[@0‘) )‘ )ilé L;’ (Yl‘ ,YV) 35..»‘59 St S
Wlgieo a5 el Comgy Boyb ) Ll Gy S Lagl
3wy Y game plo g bl s glap S B pas JLis &
Oz 9 oM 3)ly Bpe 0u8 g (Seg Slliz g Bl Bk
AFY YY) S ol |, ools
sile ilite slassglsdyoe b 59, denST sl LSlugil
(Y0) dasangil g (YF) dlglgil g (YY) alogil (YY) 0,34
5o Sl uiM S9y ..\.».MS‘ )l:\.>Lw 9.:[.; Jiw RO PR o
69, S5 0,3956 e gl ol aisls 3 T Coons liae
b oanlio jo Ana-l slaJshe )3 Gaglh To-V+) 655
89,5l sla sk 13 (59) 9T (55,5 5 slazio §il o
S ooy i Slid el sab byl Sy obee
sebar izl gl Coanw ol Lo 4 5 055 penilSe
Jieglsisar )l 3 ol @hslsdge il con gpfatn
Pt Lol 2 (69,5 & Cad lake 95U (55, ST
69y S| (s, LS Lo gili 1 i B0 -¥

9o oSl o ol =YY

] oauias il jeie by Lo lugl o Slee Lol il
RS INVIVO 4 iNVitro slalase ;o calides olallas Ll

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29900694
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

590 ST 5l )l lugils il @uillo

WAl [V sl | eas Il | Ls S35y 0 5ke 2005 alone @

o sSgogm b Jolss 51 uy 35 b s luogil 51 ol Zn?*
el ol slaiigndle 51 3ld slagy B> L g

Sfles als g slie 4 conl el slie slaa
(V JS8) 038 o1 So3e)g 5

DNA:2_ St s S3GER

e
L J
L]
L J
e —
-~
s
|
r )
- ETRSe=) - ROS 253

N ?
AR x\w“&*q

=
sl

Ol 5l (b eadaloml (2lse 5 Joko 4 (59, dmST DI)356 09,9 JLis & guilanuT (o il sl =¥ STl

S g 5l 005 o0 63, 8ee SlagnEgn o JLd s
S8 slayeslS Jobss 05 o2 p b &l,346 51 easal;l Zn2*
QG olows jshieds 00,5 Coew ol Cel Wl o Jolo
0, Slos g 5l pudlSa iy 10 g0k 5 Dlalllas w0aiy logge
(YY‘) S| odw.:r:L?u‘ oddj ‘-““59"5‘9 O™ P L{buT

ool 5l SBE Bles 1 (e seelaenSTy s
ST s LS lugl b agzloe JLos @ oS conl guilans]
&y 00,8 oo (Jobo Lid 4y sl g0 § 905 0 0l (s,
e e 3 ELS ()2 VL Gliee 929 Sl 4 b
0092 3k j b Jsho (nl )0 ond GomlonnSTn Gliee 635 5
sbo,lislogil 5l L3LROS lawss oadoln| Coans 40 5
Slr deds al a5 (F7) conl ity lashe (nl )5 (55,9051
LDH #i 5 olie Giomw b o iz logl ol Conns (o)
DS o (6 S o3l | Lad 4 o] lpae

oalon Ol -Y-Y

i el g 055 0 1) Loty ezl b ks Lagil

S50 50 G bl wisd oo ol (S50 o

journal.fums.ac.ir

D ool SUls5 Jsho 42 39,9 51 s (55, ST 3530
wilgs e g 0oy Llo Iy Joho slaJoSdge 95k o Shas s
Dgd (Joho S o crge Calee

sl ROS (sladisS o 5o 51 50 olszess OH JISu,
s 1y ol (sliml ool L5 09,5 ST U155 a5
(3 0! Sl3gl bwg Joko z,5 , sniades OH
Sliee il el pogdle ol 1) Jobo slac ay e Ulgs
(2b 05 sie DNA) MIDNA oul el Wil o ROS
s3] Sl 53 &gl 5l fol> ROS IS joboay (FF) 53,5
Slwl Geizmes g ey ple SlaoeUgn Ol R 4
3 o) Kee g Wang (YY) o,ls jids by Jol jo (gauely gl
odsi b gs, 9w slalislgil wisls les YO F Lo
s 4y e a5 05,5 Jlad |, INK SdlSs e (ROS
ROS wlsi b 5l b lislagils (F0) wgd oo joig] oo
Spindle Sgs srexs slouisS JyuS 55,50 adgi a5 > 5
5,95 aS dapgjg,ile (SAC) assembly checkpoint
4 e Silgioe g LB S0 Lo egig See Sl
(O10) Sigd (gl gl

YooV



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

‘_‘g,:’ A4 Sl [V oslad | s b | L (SCigy o sle ol K00 alnse

Vbl 9 39 plicl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

IL- ols a5 wisls 5Las oL San s WU (peizman (O) 355 oo
) sk 5o gy0enST gloylislugl Loy suslall 8
cel a5 00,5 JLd 1, NF-kB SidliSw s 552, JLB
5 o) Kar g Palomaki .(OY) gl oo okl Fwly ol
5o 39S le Johoo )0 (55,0081 3550 o JBT )
OF) wols ol 1 IL-1B bl gl ol Lialidl
&9, INVIVO & yg0d a5 gladlllas jo | Ken g HU pimon
s 5o s ROS udgs aulisl wisls plosil allislesl yoge Jow
slogaly sl NFkB Sxdlifn s ud U o]
s i Ohes 5 S0ng (B) wis ST 5155, Skl
oS5l oot il Capmog il Jsbos 55 0,95 ol
Sial33 b b s lagilh (¥3) wia,S syl5 1, IL-6 5 TNF-o
Blood— aan g9 s a4 e el slazul
oo LelS coge pizen g ouls (BTB) testis barrier
Wgd oo (5 Sladob 3 @S SVl 4 by o slay)
O Js @ amys wie (5)9,0 BTB LS5 6l o
ot 1,5 Lusgil S35 5 00 aps BTB 3dlis wag>lse
sosuSady slacdl o Dldgil masd 4 i g Wb oo
ROS- TNF-0 e 1yl Jlad prizmos (FY) Wigh oo o o]
BTB ol cogo (59, dumS| slo lislugl Lawgs  Erk-
(V) wigd oo
(8935 Corous ~0-Y
L a5 coul Jsho GDNA oy o] g8l5)0 agif Corons
1t 1521 b S35 2Ty Js & s 5900,
Sloys ROS 053 ame > ks pé S ygody by bl o
Slllas 550 Jolo (S (sloen] b 5 S0 JUs
DNA Cowl @ e (59, dunST slo, i Lugil a5 ools Lis
Olive ,o ]38l &)g0a COMet asSAY s b a5 55 5 oo
Sl Jboyonl (Jobo 05, 50 098 0 0ols Las tail moment
3 e g 59,50 B 0> 0 b slacdale b 2>
@ coml pl HK2 golS Jlbiol JlownS's - slosb
b les o 35,5k o sbo 45 (0F) ol oip, Ll
4 aisly DNA 531081 ol (55, 90T sl lislugil
s DNA (o dshadasled s 55,5 Wl ay oz wcdale
o, Kea ¢ Vallabani (AV) ogd o Sigg] plucl JSis
aisls las wols ploeil Coawgis!)S o9 (59, &5 slasillas o
GoyieST LSl b Coes 51 LBU adadsg ROS

AR

czge 00,550 slainiien 4 Jlaill 5 wyike oty
ol olaay (YY) wis 5 oo oyl o Slos jialS g £955 o guge
coordination slawsl lyls oaiy Slogzge 1o b JoSIgegu ;!
b JsSgoges Jlad olKsl> 13 a5 (N 5 O (slaps! Baes) aitun
o tslogl 5l easolsT ZN?* a4y g xSl claal b as 5 ls 1,3
a5 W08 oo b sSgasn b Jldr crge w59 S
st (Saalen SIS g8 oo sbnl (Jobo Coons aiS)o
Digd oo 35 DNA @ ol 4 ymie aubilns uf g puhiinns
o by s d8le 5,k 5 Lo b ol oo b lisLusil
(o Fd 095 4 438 (ol Was sLid oS jote pends (Lo
503l 2Ty o, b ak po cloytigy b DNA L 5 05 Sy
Orped S sbml ST pwasi) 9 aex S anld o
b STy s & leylislogl 5l sasolil g3 slags,
wilgiee edygiow ;0 MRNA oauS ol slacess
Js g lagTecn! »ogdle (FA) Wgt MRNA (g )55 4 jonie
S yrne ol Jlab el (SIS slosSUge b olas
(F) 3,5 oo Jskos 5,0 L DNA & o]

Silewgod s Ol 1 -Y-Y

O% Siliwgen Jobs L )0 cete 2B (59, Slags
w1y Gliwgen Jolu bl cdale ol jo oss a5 Wyl
oSl G ilimgen Dlpnss ST e ee 4
o rl 508 S 3035 oo Sl Canen 2Bl (Soelgn 52
L Wl oo 59y dunST Ol)3gik Lawgy sadolon! guslanus]
Jols 035 o p 5o Jsbe 5o Ca? el Gl
(00 WL F5e G s3lwgen

S sty F-Y

5 el Slasbs 5 Coas sl il e o logil
bl oy a5 wo )5 beplgule wi 5 Glp gl S0
Sl 5 5 o lusi g5 00,5 o St (slagal 4 i
2,00 pledh Sl Slojane LT 55 poge 28
» INFa ole olidl a5 ool las ol Sladlae
3189y ST sl logil b agzlse 5l m lamgislS
asllas (OV) ol 4335 & y90 ROS-ETK-EQr-1 oo 35,k
JLbgnil slo Jolw agalan Jlio 4y aS” cawl sols olas Ko
el 5 ele Lsas da s Lugil ) L (HUVEC) Lo
a3ls ola il ICAM-1 bl S )L asly TNF-a L
bbbl (nl b agzlse Jis 4 Slotdl 9ais orge oS

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31519126
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallabani%20NVS%5BAuthor%5D&cauthor=true&cauthor_uid=31271644
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

590 ST 5l )l lugils il @uillo

W44 Sl ) osled [ pas Jlo | Ld (S pske olSCtils alos @

Jabl Lo byl caely Wl oo Wopeileg,So e 4o Db
Olgreds b lslugil Jdo fred @ 000 ated )0 (ewlial
Oz o)L Lugil gl g0 (8 yme SLU5 ol » 5o Jalge
e g ool 18 56 cou 1) DNA feedhie o5l
P o 1) Setwnd oty ez 5l o Ol s
Sloacae;n oK g Gao a5 glaslllas ;o (Y+) oS o
plxl Sl Comsis] S sladshe 2 (59) ST JLSLagil
oy ole Galidl Coge 0,390 ol a5 wisls las wssls
o5 (@l Slyetd g oads jled la s (o 5lhandl e
b Lislogil com Ol 51 slaods S gbbay (F)) 09d o0

Lol 00 00)51 Y Jiw )

KLy 9 S 5 s dxlaBasked aloz 3l DNA 5 31 i
(OA) 25 oo (Johr S0 4y yomin Zulpd o a5 WS e ol
L Jolas Sl 50) podinne Ojg0dy o)l lugil 500 (g5m )
2 ONA sl (3 59) s el b g (smisis; sbo,S8
@ Jlalh by wiea S5 ey slag oo Ol
5 Ngdoe ol gud Jbpd el moy glapeSsn
e s 335155 g0 (59 ST (sl L il oS Sl
(O3) wxms 3,5 cou 551,
3 solams (59,9081 (sl i Lol 51 (56 ] JLis @
S o wigdoe Jlb ok iomml Glo s slop)
5 kee woei a5 glasllae b .cosl P53 5 oyl o Seteo

ST

il e

AP e Sl § o Contnnd O
/\
S Sl O sas S8 ol gl Sa
P e
sl || SHS

& S sia DNA% i

9 LSGIWI L aglge 5 b Jsbo 4 b lslogl 0955 51
Dgd (ol Sye g Coem el willyioo a5 95k
L aslyioe byl b a5 smo e bt lalllas fpimen

in vivo Ol
@M Slge (3938l 5 JoSo Djgody (59 ST S350
Lol 2y Com 2l crlnle WS oo )18 oolitulsge
G b,tSlugl cpl uilye> sl (5,508 N VIVO &0
|y iy S8l 5o o 5 (59al5” s (A EL3T by
Rat gg, p oS glasllas o puzmen (FY) Cunl ool olis
Yoo ¥e nlo bl tslogl cnl Slas 5158 5l L o alosl

journal.fums.ac.ir

0035 Jshos 2 o )li3Logil goms 51 ¥ IS

0,5 les w8l P53 a5’ Jloj als osls las wsls ploil ol ) Sen
155 a8y ST (sl i3 Logils 51 5L DNA ool il
slasbo anlllae )3 5 00,5 Jsho Sy el 3o j5bas
Jis & ol gy gy slasle 5 HEPG2
S DNA 5 dabibanksd «g5,00aS] sl lisLogls b agzlse
F5hslS ol simml G sl o Ja ol Jlso 4
(+) %5 oanlis P53 4 bax

()i Lo gili oSS} s i —5 Y

DNA ;5 s ely alys _so a4 59,5 b L5 Logil
Sl aialy leg S ogg w4 e (nl g &S Wed
Sz 9 pldl Seb bainsleg Sy poss b a)lislogl
) ginis i aeyuilag Sy 45 oo wig o DNA

Yeed



http://journal.fums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27570453
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

—_ 7

‘_‘g,:’ A4 Sl [V oslad | s b | L (SCigy o sle ol K00 alnse

Vbl 9 39 plicl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

sbml el g ouds Jobo ;o o] Jolas (05 o2 rge ZiNC
o lislugl glacul oores 0gd o0 (S5, Caew
_bs ke Bub Sl ol Jasl cely wlg e 55,005
055 (FY) 058 635 50 (oras gl ook & (g5ne
55, YO S 45 @NPL-ZNP3) _iylojl 05,5 ¥ ,5 NMRI
ST LS legill o SokS oS o Ve 500 B lacdale
51 dads J S 0,5 (slp) wo Sl ys il jsbas 1) s,
o s STy b,y gl (ad oolil ke o
sloals) s sk ol el s 5 JLb5 o) slosle
ol 55 5 aaly) ol a8l yriman 5 iy g
Sy90 5,0 ¥V Jlo 10 6,50 Gaazs (F) ols plas | g ol
PELlojT Gose (555 45 (59, dmnST (gl l3Luogil s S
3o oSl gl aS olo lias Gadon cpl S ol plod]
@ a2y L) (I sladsbe 5 oY sladsbe 4 Soa
S o W smaT (Ooommsbissil e o boylislogil il
ool el 55 5 slaige 4 (59, SenST LS Lugil &5 g
5 by ol poeli ol £yl Lol g lop el (claalg) s
Slalllas (FA) 3555 o oyl 5l ibss g layT s s 55T
L agzloe Ol jl waise;,s N VIVO &jgods a5 (5,950
Slsieas 1, ROS aJsi wadalnl g5, apmSl lslugl

(FAYY) oS o0 086 2l Coows s (2 Foten

S S Al g Sy

s ooy 32 (59 S | LSl gl gl 8 0 0,15 5 azg5 L

Ol e Sl SNINVILrO 4 in Vivo Sldlas § el (559,8
@lr RS g 5l aS oo 030 Lulyl g0 2 o ) LSl
Sledbl ieS” (5lee b g Sasl I8 sla)lislugl (b
39y 2eST 0,350 sl L3050 o] T unilSo 4y Loy
Sopasilio b g oud (s 3)lg (8155 5 Blasial iengy 32 )b
I il 55 5 3y g Syl 4 g e sl
Sl Sy s Lulyd (oo 4 ol 35,5 ol 4 g odes jsboay
wzlge ploy g e jobipen g Ban Jolo o5 lSLagil
Dby Jols ) lusil olordisSised sla Shy ool ST
wile ol sladsSlse (alpen 5 S slaoallBL (o
Lol @l Somms Jemily 1 5bar il g0 Slad (5595
Oyt eS| Hlisloglh Mol ams 3 b cos

Youf

59, 0 S ar ) SelS 08 (oo YIVIYY (lie a0 tegil
Sls lis adS 5 oS caml O ygoa 1) 093 Caons ol plal
30 LS lugil o) oo puundlSe a5 o) oo Hlas 4y (PY)
5 9 ROS uJgi Jolis g 009y INVItro aslice N VIVO gl
Sl 59,V b )], g Sharma .cusl DNA ol o o
5523] 9 DNA ol (g9,00u8T slo i Logib b o bge
Ol 508 aalllae yo . xis S (A5 1) 4S50S la ol
L sgy0uST sla limlugl glas 35,55 JLoo 4 a5 ol ools
Soge 4lS 5 S ol 055LS 5 08 e B0 0 il
oilye> 3l am s wisls plas es 9 Cho .oé )8
Shel @b 5l o)l &3S (yhge A (53, SeS| sla,LSLlugil
Ol gds as wals plas Koo Slallas a8 J> 50 0 15 0 & 90
6N laddllas ;o (FF) el lyol 5 iy ge80n 55,k 5l
GLy Dyyeds 2Rl (o0 son o Ser 5 Shen a5
Ododyp,SelS e 8 Lo fee gVer Ve chale b glas
pselis) sl sk (s3sls3ym 5o S wisls el 5, YA
Iy dlgd el jo oyl cdale  ralS g daay jlop yeul gladlg)
O9ey90 cdale s Wols las ames g widls 5158
stz P IE Oypon Lo Co Slalge oy )3 (4 g
(FO) 0,5 lay ualS
Yl el sonnl e 10 (g9, ST sla s lugl
SBrae | pw ZN2 & goa o] Gix Gl cplpls o)l
L gzl laoly 51 S (S0 aboe mlB (S
J>'|.> &P in vivo lasxe BN (59).\.:...‘.5‘ L;Lb)l.';;}L.u}SU
as olo las al plol aisy cpl jo a5 Sldlas .conl (50 59
S A G 85 el St oSl
(V) iy gn Bl Jlnb (sl S 5 05 S sl Jsko
G35l & Sl onl (G Sllllas 5l (B Geizen
Sty adS” 5,k 5l o akar Rat o b, lslugl sg,
o) wile Lol STl Gl Crge 5 955 oo el
addlhs (ol Geimed 9doe ) )0 Jo,aS Sl 5 wSTy
olidlay e Rat jo oole ol Blicziwl 9005 a5 ool ol
Slo sod Y grlans jo Vs Do 4 Lol g 00l ZN*2 g lee
Sladdllas 15.(FF) 00,5 o3k adgl (yle 4y aan wiz jlaw g
S okw jo ,Slugl ol Slodis;,e o Kan 5 Kao a5
g Gialidl wsols pledil 3 b sl 55 9 (BAL) (40,

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

590 ST 5l )l lugils il @uillo

WAl [V sl | eas Il | Ls S35y 0 5ke 2005 alone @

O L TNF-a =l 5 3,0 JLbisail slaJsbos 5o ol San
oo sleeplgnlo =iy Ko Sldlas jo 4 (OY ,01) wis )
cos sl sl ;o (V1) IL-6 5 (OF) IL-1B (OF) IL-8 ,.La
S 5o 089l oal (oSBT el 005155 o)
45 098 o0 (SeBisl 5 (0955 Sorems 4y Boa sla Joho
o) Ben g Wilhelmi ¢ (0%) )l,Ken 5 Sharma ai.o; ol )0
Liwg Logiios a5 DNA yuds ashiaslss L o] (OV)
3 oLea g Vallabani .wsls oylis 1) 048 oo ol 0,346
(OA) 23,5 3,155 ROS Lawsss |, DNA atis, g0 ConSls
sbry 5 DNA &y sl b Wil so (55 y0mT L Lugils al
5 Carriere alal, -l o .0uS 31 Jleel days olo p (e
oo s g3 g HLLugil ) a8 Wil ol o Ken
SBToaise;,o (09) aoo 13 5l o | abg o sla g g
Gl 0,350 a5 wisls lias ), o Jennifer Soss gl
w3 o I8 b o Bas Jslo jo |, DNA erdliie
39 69 eS| LS Logil a8 wols lias )] Ien 4 Gao 4 (Y-)
L sl e sy olo (Sl Comgisl ST sla gl
5 55 e S Laglh il (1) waoie Gl
Bas Jobo ;0 cowl e b3 Jliol lapecils 325k
35 et eslogST oyl sbml 5 ROS ads g8 oo
Sl 50 et (el lagewly sbml (g, SloysiSl
Orizred g Lid lavnd g lagnSy  alexjl Lo J9SdgegSLe
oS cls argd b Ssuml 5 S5 @l 5 S Sl
3 GlSe slatslogl S 3ds el s sl
divej pl )0 F380 5 Jaalr Slallls 4 55 Baa sla Jshe

@lé).ég s
sEpgh slag,b LB s by, dRiagh bwy )b (ol
3,518 Jb Colamo g0 AF e v 018 5 AF0 000 VD o Lo
Ol dgd 50 950 o 4y aS gl Bl adS 5l allae S ang g5 L]

&L (B3
iloo ) SS oMl 1) 8lie o ,lad digSmd B asug gl

journal.fums.ac.ir

o 2 e g peioid 0958 ohg Jobw U b Jobe )5
Jshos 55 il e ROS slgi b 5 o Jsboo iy Jolos 5
wr b ohKee 5 Chang oS ol comw BT Bon
3 U gilannST o sl a5 wisls i )158 oalds ploeil Sladllas
Sygods 9w IE Bae I Joke slaJsSges SLe
Loy lagetisn oSlee jo PLS1 5 GomalanSpon
Sl paslSe K0 51 (YY) 045 Ban b 4 coml cxgo
Gas Jsbo o 528] oll llugilh ) Lags Corans oloxs|
m oo Jbb sl (gl yans 5l cilieo (gla sl o 45 o
o &S oKee 5 Ahamed adlae aie) opl j0 04k
aslllas ysb pran 5 wisls ploxil lasl Jgigll (glogipes Sgis]
ol el3l s 50,5 Jlab b 0,368 ol a5 ol Lt s plol
sl Sl sl ol (Rl 5 Grnl G o)
2 Aoy (Ve ) 05800 Ban Jsboo )3 55uml czge
W5ols il Capsg yias] Jshow 3o oS s Wang a5 glaalllas
LogS slsgiinsl Jshos 1o a5 o), Kos 5 He anlllae (ypizan
0 g o ] 3150 i Lugil ol ol L asols plol
dlsiggn JUb 1y ol & Lo S350 T sl pomnn B0 Jsbo
5 Soenen g e o Dudev a5 Sldlas ;o (F) 5-)
cod s olw ;0 0,356 cpl 1 ego iy o o Sen
Ol b esilSls lgieay | Sinlon ol 3l asols alowl )
Sleadalil (g9, o Jols Sl )0 a5 Wisgad zrkas Jsho 1o
3 DNA alaz ) Jsbo (sl JsSsmsms s (g5,0maS 5
SUCFA LEY) s ce bl oy o Shas yo DS do ey
Ca2* clale Liglidl corge Wl o ilugil ol K30 (coms
sl g oud o ibwgen Jolss (495 o2 » g (Jobw Sl
Lansgs Copan ol 5 51 Jlae] (gliol, 1S3 5100+ ) A8 Copans
Sl KIS s (6l pro (5w JUob c(59, ST ,liLogils
ol JsSge slaoni S b ol 3gil iaSTy JLis 4y a8 can
A iy oS e o pmsis, sk gl o
ol 3 aibioe SRl o T ol 5 48,5 &5 Bum Jolo )
9 TSOU 5 Cumgisl)S slaole )5 (), Sen 5 JeONG ais

YooV



http://journal.fums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29900694
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallabani%20NVS%5BAuthor%5D&cauthor=true&cauthor_uid=31271644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27570453
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

‘!?],i’ 1144 )Le|u)u|rawu|u§;ﬁpim&uuw

Vbl 9 39 plicl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

References

1. Warheit DB. How Meaningful are the Results of
Nanotoxicity Studies in the Absence of Adequate
Material Characterization? Toxicological Sciences.
2008;101(2):183-5.

2. Buzea C, Pacheco Il, Robbie K. Nanomaterials and
nanoparticles: Sources and toxicity. Biointerphases.
2007;2(4):MR17-MR71.

3. Safa S, Mokhtari S, Khayatian A, Azimirad R.
Improving ultraviolet photodetection of ZnO nanorods by
Cr doped 2ZnO encapsulation process. Optics
Communications. 2018;413:131-5.

4. Azimirad R, Khayatian A, Safa S, Kashi MA.
Enhancing  photoresponsivity ~ of  ultra  violet
photodetectors based on Fe doped ZnO/ZnO shell/core
nanorods. Journal of Alloys and Compounds.
2014;615:227-33.

5. Chen X, Schluesener HJ. Nanosilver: a nanoproduct in
medical application. Toxicology letters. 2008;176(1):1-
12.

6. Hanley C, Layne J, Punnoose A, Reddy K, Coombs I,
Coombs A, et al. Preferential killing of cancer cells and
activated human T cells using ZnO nanoparticles.
Nanotechnology. 2008;19(29):295103.

7. Ruenraroengsak P, Kiryushko D, Theodorou IG,
Klosowski MM, Taylor ER, Niriella T, et al. Frizzled-7-
targeted delivery of zinc oxide nanoparticles to drug-
resistant breast cancer cells. Nanoscale.
2019;11(27):12858-70.

8. Zhang P, Liu W. ZnO QD@ PMAA-co-PDMAEMA
nonviral vector for plasmid DNA delivery and
bioimaging. Biomaterials. 2010;31(11):3087-94.

9. Hanley C, Thurber A, Hanna C, Punnoose A, Zhang J,
Wingett DG. The Influences of Cell Type and ZnO
Nanoparticle Size on Immune Cell Cytotoxicity and
Cytokine Induction. Nanoscale Research Letters.
2009;4(12):14009.

10. Bonfanti P, Moschini E, Saibene M, Bacchetta R,
Rettighieri L, Calabri L, et al. Do nanoparticle physico-
chemical properties and developmental exposure window
influence nano ZnO embryotoxicity in Xenopus laevis?
International journal of environmental research and
public health. 2015;12(8):8828-48.

11. Hernandez-Sierra JF, Ruiz F, Pena DCC, Martinez-
Gutiérrez F, Martinez AE, Guillén AdJP, et al. The
antimicrobial sensitivity of Streptococcus mutans to
nanoparticles of silver ,zinc oxide, and gold.
Nanomedicine: Nanotechnology, Biology and Medicine.
2008;4(3):237-40.

12. Gupta J, Bahadur D. Defect-mediated reactive oxygen
species generation in Mg-substituted ZnO nanoparticles:
efficient nanomaterials for bacterial inhibition and cancer
therapy. ACS omega. 2018;3(3):2956-65.

Yool

13. Yu D, Zhang Y, Zhou X, Mao Z, Gao C. Influence of
surface coating of PLGA particles on the internalization
and functions of human endothelial cells.
Biomacromolecules. 2012;13(10):3272-82.

14. Sharifi S, Behzadi S, Laurent S, Forrest ML, Stroeve
P, Mahmoudi M. Toxicity of nanomaterials. Chemical
Society Reviews. 2012;41(6):2323-43.

15. Ivask A, Juganson K, Bondarenko O, Mortimer M,
Aruoja V, Kasemets K, et al. Mechanisms of toxic action
of Ag, ZnO and CuO nanoparticles to selected
ecotoxicological test organisms and mammalian cells in
vitro: a comparative review. Nanotoxicology.
2014;8(supl):57-71.

16. Shang L, Nienhaus K, Jiang X, Yang L, Landfester K,
Mailénder V, et al. Nanoparticle interactions with live
cells: quantitative  fluorescence  microscopy  of
nanoparticle size effects. Beilstein journal of
nanotechnology. 2014;5:2388.

17. Powers KW, Palazuelos M, Moudgil BM, Roberts
SM. Characterization of the size, shape, and state of
dispersion of nanoparticles for toxicological studies.
Nanotoxicology. 2007;1(1):42-51.

18. Sheydaei P, Bayrami A, Azizian Y, Parvinroo S.
Study on the toxicity effects of zinc oxide nanoparticles
on hematological and serum parameters in mice.
Majallah-i  danishgah-iulim-i  pizishki-i  Arak.
2017;19(10):39-47.

19. Liu Q, Xu C, Ji G, Liu H, Mo Y, Tollerud DJ, et al.
Sublethal effects of zinc oxide nanoparticles on male
reproductive cells. Toxicology in Vitro. 2016;35:131-8.
20. Jennifer M, Maciej W. Nanoparticle technology as a
double-edged sword: cytotoxic, genotoxic and epigenetic
effects on living cells. Journal of Biomaterials and
Nanobiotechnology. 2013;4(01):53.

21. Shalini D, Senthilkumar S, Rajaguru P. Effect of size
and shape on toxicity of zinc oxide (ZnO) nanomaterials
in human peripheral blood lymphocytes. Toxicology
mechanisms and methods. 2018;28(2):87-94.

22. Horie M, Nishio K, Fujita K, Endoh S, Miyauchi A,
Saito Y, et al. Protein adsorption of ultrafine metal oxide
and its influence on cytotoxicity toward cultured cells.
Chemical research in toxicology. 2009;22(3):543-53.

23. Borm PJ, Robbins D, Haubold S, Kuhlbusch T, Fissan
H, Donaldson K, et al. The potential risks of
nanomaterials: a review carried out for ECETOC. Particle
and fibre toxicology. 2006;3(1):11.

24. Yung MM, Fougeéres P-A, Leung YH, Liu F, Djurisi¢
AB, Giesy JP, et al. Physicochemical characteristics and
toxicity of surface-modified zinc oxide nanoparticles to
freshwater and marine microalgae. Scientific reports.
2017;7(1):15909.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

690 SawST L LA Ll il punillo

| [
WAS Sl [ el | s b | Ld (Sa pole o021 e LG

25. Saptarshi SR, Duschl A, Lopata AL. Biological
reactivity of zinc oxide nanoparticles with mammalian
test  systems: an  overview. Nanomedicine.
2015;10(13):2075-92.

26. Borm P, Klaessig FC, Landry TD, Moudgil B,
Pauluhn Jr, Thomas K, et al. Research strategies for safety
evaluation of nanomaterials, part V: role of dissolution in
biological fate and effects of nanoscale particles.
Toxicological Sciences. 2006;90(1):23-32.

27. Chang Y-N, Zhang M, Xia L, Zhang J, Xing G. The
toxic effects and mechanisms of CuO and ZnO
nanoparticles. Materials. 2012;5(12):2850-71.

28. Cheng Q, Feng J, Chen J, Zhu X, Li F. Brain transport
of neurotoxin-l with PLA nanoparticles through
intranasal administration in rats: a microdialysis study.
Biopharmaceutics & drug disposition. 2008;29(8):. 9-£ 1!
29. Liu J, Feng X, Wei L, Chen L, Song B, Shao L. The
toxicology of ion-shedding zinc oxide nanoparticles.
Critical reviews in toxicology. 2016;46(4):348-84.

30. Hajipour MJ, Fromm KM, Ashkarran AA, de
Aberasturi DJ, de Larramendi IR, Rojo T, et al.
Antibacterial properties of nanoparticles. Trends in
biotechnology. 2012;30(10):499-511.

31. Spisni E, Seo S, Joo SH, Su C. Release and toxicity
comparison between industrial-and sunscreen-derived
nano-ZnO  particles.  International  journal  of
environmental science and technology.
2016;13(10):2485-94.

32. Brayner R, Dahoumane SA, Yéprémian C, Djediat C,
Meyer M, Couté A, et al. ZnO nanoparticles: synthesis,
characterization, and ecotoxicological studies. Langmuir.
2010;26(9):6522-8.

33. Mokhtari S, Safa S ,Khayatian A, Azimirad R. Effects
of Chromium Dopant on Ultraviolet Photoresponsivity of
ZnO Nanorods. Journal of Electronic Materials.
2017;46(7):4250-5.

34. Zare M, Safa S, Azimirad R, Mokhtari S. Graphene
oxide incorporated ZnO nanostructures as a powerful
ultraviolet composite detector. Journal of Materials
Science: Materials in Electronics. 2017;28(9):6919-27.
35. Chen S, Liu Y, Shao C, Mu R, Lu Y, Zhang J, et al.
Structural and optical properties of uniform ZnO
nanosheets. Advanced Materials. 2005;.9+-247:(2)1V
36. Song W, Zhang J, Guo J, Zhang J, Ding F, Li L, et al.
Role of the dissolved zinc ion and reactive oxygen species
in cytotoxicity of ZnO nanoparticles. Toxicology letters.
2010;199(3):389-97.

37. Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive
oxygen species in the pathophysiology of human
reproduction. Fertility and sterility. 2003;79(4):829-43.
38. Sirelkhatim A, Mahmud S, Seeni A, Kaus NHM, Ann
LC, Bakhori SKM, et al. Review on zinc oxide
nanoparticles: antibacterial activity and toxicity
mechanism. Nano-Micro Letters. 2015;7(3):219-42.

journal.fums.ac.ir

39. Song W-J, Jeong M-S, Choi D-M, Kim K-N, Wie M-
B. Zinc Oxide Nanoparticles Induce Autophagy and
Apoptosis via Oxidative Injury and Pro-Inflammatory
Cytokines in Primary Astrocyte Cultures. Nanomaterials.
2019;9(7):1043.

40. Wang J, Deng X, Zhang F, Chen D, Ding W. ZnO
nanoparticle-induced oxidative stress triggers apoptosis
by activating JNK signaling pathway in cultured primary
astrocytes. Nanoscale research letters. 2014;9(1):117.
41. He G, Ma Y, Zhu Y, Yong L, Liu X, Wang P, et al.
Cross talk between autophagy and apoptosis contributes
to ZnO nanoparticle-induced human osteosarcoma cell
death. Advanced healthcare materials.
2018;7(17):1800332.

42. Agarwal A, Prabakaran SA. Mechanism,
measurement ,and prevention of oxidative stress in male
reproductive physiology. 2005.

43. Das J, Choi Y-J, Song H, Kim J-H. Potential toxicity
of engineered nanoparticles in mammalian germ cells and
developing embryos: treatment strategies and anticipated
applications of nanoparticles in gene delivery. Human
reproduction update. 2016;22(5):588-619.

44, Kirkinezos 1G, Moraes CT, editors. Reactive oxygen
species and mitochondrial diseases. Seminars in cell &
developmental biology; 2001: Elsevier.

45. Saliani M, Jalal R, Goharshadi EK. Mechanism of
oxidative stress involved in the toxicity of ZnO
nanoparticles against eukaryotic cells. Nanomedicine
Journal. 2016;3(1):1-14.

46. Adibhatla RM, Hatcher JF. Lipid oxidation and
peroxidation in CNS health and disease: from molecular
mechanisms to therapeutic opportunities. Antioxidants &
redox signaling. 2010;12(1):125-69.

47. Dudev T, Lim C. Metal binding affinity and
selectivity in  metalloproteins:  insights  from
computational studies. Annu Rev Biophys. 2008;37:97-
116.

48. Soenen SJ, Himmelreich U, Nuytten N, Pisanic TR,
Ferrari A, De Cuyper M. Intracellular nanoparticle
coating stability determines nanoparticle diagnostics
efficacy and cell functionality. Small. 2010;6(19):2136-
45,

49. Miller 1S, Lynch |, Dowling D, Dawson KA,
Gallagher WM. Surface-induced cell signaling events
control actin rearrangements and motility. Journal of
Biomedical Materials Research Part A. 2010;93(2):493-
504.

50. Brown D, Donaldson K, Borm P, Schins R,
Dehnhardt M, Gilmour P, et al. Calcium and ROS-
mediated activation of transcription factors and TNF-a
cytokine gene expression in macrophages exposed to
ultrafine particles. American Journal of Physiology-Lung
Cellular and Molecular Physiology. 2004;286(2):L344-
L53.

AR



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

‘!g’:’ W4 le |V oled | s Jlo | Ld (SCipy o ke oS80 alns

Vbl 9 39 plicl

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

51. Jeong SH, Kim HJ, Ryu HJ, Ryu WI, Park Y-H, Bae
HC, et al. ZnO nanoparticles induce TNF-o expression
via ROS-ERK-Egr-1 pathway in human keratinocytes.
Journal of dermatological science. 2013;72(3):263-73.
52. Tsou T-C, Yeh S-C, Tsai F-Y, Lin H-J, Cheng T-J,
Chao H-R, et al. Zinc oxide particles induce
inflammatory responses in vascular endothelial cells via
NF-xB signaling. Journal of hazardous materials.
2010;183(1-3):182-8.

53. Wu W, Samet JM, Peden DB, Bromberg PA.
Phosphorylation of p65 is required for zinc oxide
nanoparticle-induced interleukin 8 expression in human
bronchial epithelial cells. Environmental health
perspectives. 2010;118(7):982.

54. Palomaki J, Karisola P, Pylkkanen L, Savolainen K,
Alenius H. Engineered nanomaterials cause cytotoxicity
and activation on mouse antigen presenting cells.
Toxicology. 2010;267(1-3):125-31.

55. Hu H, Guo Q, Fan X, Wei X, Yang D, Zhang B, et al.
Molecular  mechanisms underlying zinc  oxide
nanoparticle induced insulin resistance in mice.
Nanotoxicology. 2019:1-18.

56. Sharma V, Shukla RK, Saxena N, Parmar D, Das M,
Dhawan A. DNA damaging potential of zinc oxide
nanoparticles in human epidermal cells. Toxicology
letters. 2009;185(3):211-8.

57. Wilhelmi V, Fischer U, Weighardt H, Schulze-
Osthoff K, Nickel C, Stahlmecke B, et al. Zinc oxide
nanoparticles induce necrosis and apoptosis in
macrophages in a p47phox-and Nrf2-independent
manner. PloS one. 2013;8(6):e65704.

58. Vallabani NS, Sengupta S, Shukla RK, Kumar A.
ZnO nanoparticles-associated mitochondrial — stress-
induced apoptosis and G2/M arrest in HaCaT cells: a
mechanistic approach. Mutagenesis. 2019;34(3):265-77.
59. Carriere M, Sauvaigo S, Douki T, Ravanat J-L.
Impact of nanoparticles on DNA repair processes: current
knowledge and working hypotheses. Mutagenesis.
2016;32(1):203-13.

60. Ng KW, Khoo SP, Heng BC, Setyawati MI, Tan EC,
Zhao X, et al. The role of the tumor suppressor p53
pathway in the cellular DNA damage response to zinc
oxide nanoparticles. Biomaterials. 2011;32(32):8218-25.
61. Gao F, Ma N, Zhou H, Wang Q, Zhang H, Wang P,
et al. Zinc oxide nanoparticles-induced epigenetic change
and G2/M arrest are associated with apoptosis in human
epidermal keratinocytes. International journal of
nanomedicine. 2016;11:3859.

Y.\n

62. Jo E, Seo G, Kwon J-T, Lee M, cheun Lee B, Eom I,
et al. Exposure to zinc oxide nanoparticles affects
reproductive  development and biodistribution in
offspring rats. The Journal of toxicological sciences.
2013;38(4):525-30.

63. Esmaeillou M, Moharamnejad M, Hsankhani R,
Tehrani AA, Maadi H. Toxicity of ZnO nanoparticles in
healthy adult mice. Environmental toxicology and
pharmacology. 2013;35(1):67-71.

64. Sharma V, Singh P, Pandey AK, Dhawan A.
Induction of oxidative stress, DNA damage and apoptosis
in mouse liver after sub-acute oral exposure to zinc oxide
nanoparticles. Mutation Research/Genetic Toxicology
and Environmental Mutagenesis. 2012;745(1):84-91.

65. Shen J, Yang D, Zhou X, Wang Y, Tang S, Yin H, et
al. Role of Autophagy in Zinc Oxide Nanoparticles-
Induced Apoptosis of Mouse LEYDIG Cells.
International ~ journal ~ of  molecular  sciences.
2019;20(16):4042.

66. Fukui H, Horie M, Endoh S, Kato H, Fujita K, Nishio
K, et al. Association of zinc ion release and oxidative
stress induced by intratracheal instillation of ZnO
nanoparticles to rat lung. Chemico-biological
interactions. 2012;198(1-3):29-37.

67. Kao Y-Y, Cheng T-J, Yang D-M, Wang C-T, Chiung
Y-M, Liu P-S. Demonstration of an olfactory bulb—brain
translocation pathway for ZnO nanoparticles in rodent
cells in vitro and in vivo. Journal of Molecular
Neuroscience. 2012;48(2):464-71.

68. Han Z, Yan Q, Ge W, Liu Z-G, Gurunathan S, De
Felici M, et al. Cytotoxic effects of ZnO nanoparticles on
mouse testicular cells. International journal of
nanomedicine. 2016;11:5187.

69. Ma H, Williams PL, Diamond SA. Ecotoxicity of
manufactured ZnO nanoparticles—a review.
Environmental Pollution. 2013;172:76-85.

70. Ahamed M, Akhtar MJ, Raja M, Ahmad I, Siddiqui
MKJ, AlSalhi MS, et al. ZnO nanorod-induced apoptosis
in human alveolar adenocarcinoma cells via p53, survivin
and bax/bcl-2 pathways: role of oxidative stress.
Nanomedicine: Nanotechnology, Biology and Medicine.
2011;7(6):904-13.

71. Lenz A-G, Karg E, Brendel E, Hinze-Heyn H, Maier
KL, Eickelberg O, et al. Inflammatory and oxidative
stress responses of an alveolar epithelial cell line to
airborne zinc oxide nanoparticles at the air-liquid
interface: a comparison with conventional, submerged
cell-culture conditions. BioMed research international.
2013;2013.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html

| Journal of Fasa University of Medical Sciences | Spring 2020 | Vol. 10 | No. 1 Javadi A, etal

[ Downloaded from jabs.fums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22285105.2020.10.1.3.3 ]

. Review Article ]

Mechanisms of the Effects of Zinc Oxide Nanostructures on Living Cells

Javadi A1, Farzaneh M2, Mokhtari S 3, Azimirad R4 Esfandiari F5*, Gourabi H¢

1. Department of Genetic, Faculty of Basic Science and Advanced Technologies, University of Science and Culture, Royan
Institute, Tehran, Iran

2. Department of Cell & Molecular Biology, Faculty of basic science and advanced technologies, University of Science and
Culture, Royan Institute, Tehran, Iran

3. Department of Physics, Shahid Beheshti University, Tehran, Iran

4. Department of Physics, Sharif University of Technology, Tehran, Iran

5. Department of Cell & Molecular Biology, Royan Institute for Stem Cell Biology and Technology, ACECR, Tehran, Iran
6. Department of Genetics, Reproductive Biomedicine Research Center, Royan Institute for Reproductive Biomedicine,
ACECR, Tehran, Iran

Received: 26 May 2019 Accepted: 19 Nov 2019

Abstract

Nowadays, nanotechnology and nanostructures, which are particles smaller than 100 nm in size at
least in one dimension, are being widely used in various industries and consumer products,
biomedical applications and environments. Unique properties of Zinc oxide (ZnO) nanostructures
offer technological advantages for a variety of industrial and consumer products as well as show
promise for biomedical application. They are used as an antibacterial agent in food packaging, such
as UV absorbent in cosmetics and sunscreens. However, high concentrations of ZnO nanostructures
have toxic effects on living organisms. The toxic effect of these nanostructures depends on target cell
type, size, structure, and surface properties of nanostructures, as well as exposure routes. In this
article, we discuss the toxic effect of ZnO nanostructures and different mechanisms including ROS
production and the resulting oxidative stress, genomic toxicity, changes in gene expression and
following protein production, epigenetic changes and inflammatory responses and apoptosis. Also,
we will mention many in vivo studies about this nanoparticle.

Keywords: Nanotechnology, Zinc Oxide, Free radicals of Oxygen, Toxicity, Apoptosis

*Corresponding Author: Gourabi Hamid, Department of Genetics, Reproductive Biomedicine Research Center, Royan
Institute for Reproductive Biomedicine, ACECR, Tehran, Iran

Email: gourabi@royaninstitute.org

https://orcid.org/0000-0001-7277-4898

* Corresponding Author: Esfandiari Fereshteh, Department of Cell & Molecular Biology, Royan Institute for Stem Cell
Biology and Technology, ACECR, Tehran, Iran

Email: esfandiari65f@gmail.com

https://orcid.org/ 0000-0003-3785-3149

N

Journal of Fasa University of Medical Sciences 10 (2020): 1998-2011

journal.fums.ac.ir 2011



http://journal.fums.ac.ir/
mailto:gourabi@royaninstitute.org
https://orcid.org/0000-0001-7277-4898
mailto:esfandiari65f@gmail.com
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.1.3.3
http://jabs.fums.ac.ir/article-1-2037-en.html
http://www.tcpdf.org

