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Abstract
Background and Objectives: Despite the many applications of nickel
oxide nanoparticles (Nio NPs) in industry and biomedicine, limited
studies have been performed in the case of the cytotoxicity of these
nanoparticles onnervous system yet. In many neurobiological studies,
the human neuroblastoma cells (SH-SY5Y) wich have the ability to
become adult human neurons have been used. The aim of the present
study was to evaluate the cytotoxicity effects of nickel oxide
nanoparticles on human neuroblastoma cell line (SH-SY5Y) in vitro.

Methods: The effect of different doses of NiO NPs (0, 1, 10, 20, 50,
100 pg/ml) on SH-SYSY cell line was determined by MTT, lactate
dehydrogenase (LDH), and caspase-3 activity tests. Statistical analysis
was performed by using SPSS software and student t-test.

Results: Based on the results of MTT test, the viability rate of SH-
SY5Y cells were decreased dose dependently after 24 hours treatment
with NiO NPs, compared with control group. While there was no
significant increase in levels of LDH enzyme compared with control
group. The activity of caspase-3 enzyme was also significantly
increased in a dose dependent pattern of nanoparticles .

Conclusion: The results of the present study showed that the Nickel
oxide nanoparticles do not cause membrane damage in SH-SY5Y cells.
While these nanoparticles induce their toxic effects by damaging the
mitochondrial membrane, increasing the caspase 3 activity, and
activating the apoptotic pathway.

Keywords: Apoptosis; Caspase 3; Cytotoxicity; L-Lactate Dehydro-
genase; Nanoparticles; Nickel monoxide.

DOI: 10.29252/qums.14.11.20

20
Majallah-i Danishgah-i Ulim-i Pizishki-i Qum (Qom Univ Med Sci J) 2021;14(11):20-29 O

E International License Creative Commons Attribution License 4.0


https://orcid.org/0000-0002-5338-7494
https://orcid.org/0000-0001-8066-4876
https://orcid.org/0000-0002-9021-7688
https://orcid.org/0000-0001-9022-4806
mailto:mahsa.alebrahim@yahoo.com

A S pole oKLl dlxo
A9 0@ a3 3b oslod (S slgz 092
a4 JIY. axio

(Original Article)

Sl Pgrdhg g Jokw 00y g I T 33056  Jahes Casbus 1 ST 23!

In vitro !y 3 (SH-SYSY)

'Ol s plagd T B gl ST lugo 5T oM sizme T Gl sir> e > 0850
oS> (I 5 sk olidin5 05 5

(S o) 5 St 53 S ST 155 56 Olsl 3 (Lo )18 305 L 3B § e
53 el ol plall e ot 53 D3 HU | Cpa 5550 53 (63 94s Sldlae O ¢S°G
U1y S (SH-SYBY) SLusl pszudlgy 5 lad shor 51 (S5 5m 0,55 Slallas 1 65k
L ol alllan cliwly ol 53555 oo oslizel s |y Sl (b (sLa0 5,55 & OAS o5
Sl sy (Jsbo 035 1 G 4T D53 5U oo o DI () 2 b
A et INVitro Lyl 5 5 (SH-SYSY)

Voo g0 e O ) ) S ST Slish Calbes glachle I gwy g (N9
ko Sloocs3 (510 5a5T 1 eslizul b SH-SYBY (sladshu 03, (b 5 p,55,500
S8 e oL, L 58 5 (LDH: Lactate dehydrogenase) U5, das LS s MTT
A ol € 0 g 3T 5 SPSS 23 ,153le 5 Sl eslizal b (65LT o 5 4 523 A58 e ¥
el YF Sl ey SH-SYBY (glad sk Slooss Ol MTT 05037 pmls ulal b8l
(3l 2alS Sl 4wl s g 4 U S 05 8 b alie 3 IS 4SS5 50 L s
JS 05 85 b amlin 53 SU5s,0as SESY 5T Ole s (sylskn 151 S Jb- 5o
4 el SN S s (golslime sb 4 ¥ 5Ll 5T Il (b (sl At e dalin
8L il 5l oyl gt clale

33 il 86 ST 35U oS Lnls Ol sl anlllas I ol ol 108 T Aol
Sl 51 S350 ol a8l 6455 5 gas 55,50 slowl 5 SH-SYBY (glad gl 3 olié oo
e 57 5Lwls Elab o500 ¢ b ydS e gLid 53 T sl 3 b 511y 355 o
Auled oo Wl g T e 0D

¢S ST 3 5L 5055 uuns SLSY o SLalS ¢ S gl Covas 55 0T 10 51 guls”

Aacly3 56

Tl sl 5 O gy dlie oyl 4 i
Hajimohammadjafar Tehrania M, Falahati M, Ale-Ebrahim M, Zarabiyan S. In Vitro
Evaluation of Cytotoxic Effects of Nickel Oxide Nanoparticles on Human

Neuroblastoma Cell Line (SH-SY5Y). Qom Univ Med Sci J 2021;14(11):20-29.
[Full Text in Persian]

Y)Y
O WAL gy o33l o5lad os)lgr e,,;/rso_{.:ﬁpxpatimw

pole oy slagsosls 5 ple 0aSals
el ST oBils Olg Sy

Ol el

INLEH Lé.&ﬁ ‘55}5}&}& o);"
iy el g sl 5 psle
WL el ST oKiils e

R

‘&ﬁ A.&w"": ‘L;j_,J_y_‘):s o); 7
ST o&sls Ol u,_{.'::}; (‘,Lr—

Q‘ﬁ‘ AQ‘JGJ “-SAM.N‘

C)UL{» d}.f‘wn a.\.'...\..:}:'*

(3858 08 T luge
LQ\JgJ L$<“;'J'3~ (a}l.c ‘L5<“;'J'i 0 dSisls
Ol O e oDl 3137 oKl

Zé:?}j.i” (;Mi L)‘))T
mahsa.alebrahim@yahoo.com,
aleebrahimmahsa@gmail.com

ALV 7 RO e

E International License Creative Commons Attribution License 4.0


https://orcid.org/0000-0002-5338-7494
https://orcid.org/0000-0002-5338-7494
https://orcid.org/0000-0001-8066-4876
https://orcid.org/0000-0001-8066-4876
https://orcid.org/0000-0002-9021-7688
https://orcid.org/0000-0001-9022-4806
https://orcid.org/0000-0001-9022-4806
mailto:mahsa.alebrahim@yahoo.com

Qb&sﬁ}@\,@,ﬁ.ﬂq--&m@‘;—e:}»

Sl psdlsy 5 (Jsho 035 5 JSG 48T D55 50 s Cms

Ot Sllas s (AQ) Ll sl 1y g S50 b s (S5
380 e Ll e S Sdae S350 oS iz OT I ST
bl (V1Y) 555 N VIt gladases 5 s31AlST| 2l
35 OBy (S s S LS D356 e ]
el Gl el Wlg 0 DS 5 ol ST Sl esls Ol
OF) $55 by Il sadshe 5> Sl 535 5 55145
3T O Goblee S 4 SO aST O30
e« (MDA: Malondialdehyde) wadT ¢s0 4l
Wl g o D3l ol dms oo (2l 81y Sl 5SS w2l
Lpd Jia 55 (S R 4 (ol (R G2 b )
ooy O3 135 s 0 G315 o8 31l 5 0 et

OF) Wil o o 5 S cadS sle o lapltil 4
G smrs Sy p olwa 5B INVILro (gladds 1 eslizul
3 dsle CiS Gladae ST s syl wldces C}La 3
ad (Joho Glresy b os b tge Sl edd Grie alsl G0y, s
Sy 9 acd lad o [(V0) 3 95 o eslimul Slusl Dy 58
SK-N-) 55 Wiy Jsho 03, 3 35S &K SH-SYEY Ll
ol (SlapasSa (28I o Sty b L3157 o oS iz (SH
Lol b Gl dl gladg, s a4 Cadly, s ad - )
Iy SH-SYBY  Jshu 03, Ol oo Calides slaisy 5,5 45 %
5 SSAS w501 Gloss eseman) gl @
ok 035 pl Sloslinal Lol S5 ol als a5 605 ol 3
o2l 09) Sl eds SKidsusys Calibe gl iagh s
Gl Sope 4y Ce e @BU L T s d e
B Wl sleogsy S b 50008) Lpk e s
5 s o) 03 el b gladshe (LN s
andllae 31 Coda codd Ols Ilas 4 a5 Lok § 15 eslizul
S 03y 5 IS w8 D3 SL e 1 Sl Sl

235 INVItro Lyl 5 Co (SH-SY5Y) Ll pselsy s

IR 8
DLS: Dynamic Light ) (SSwbsd 385 TSy Og03T
(Scattering

ghd b Sl Ol L Sl gassls ol

.

oo

g Sip s Cano 53 Sk leslizal Ll gladle s
5 D350 5,8 SRl L il e ST Sl s w0 1) 0L
oalazul o (s ylaline bl clases 55 DS 5 opl i ) sl
Aol dl 3 sl ald sloml sy les Sl (S5 552 5 WOT
- R P S TG T3 35 W PR A K B IV P
5 & S350 AL o 3 5doe (35 15 LOT 5 jme 53
b sl oo 513 457 (VU om0 el S 5 S5 87 o1
sl o 5 bagd (S5 gladl ey,
5 Sh3sl Caen ey sy o) St 2, ke
Lglnv.:«:m L oT u’“‘g"“"f J}Q}» L;LAW&A ¢Sy
et Dl Sl 5800 51 (SG B o mal Flo s (s
e 2 SLS Sl D LS e 5 S Ly s
5 bdde o B o SLISE ailsr 1)t (e
5 O3Sl el IT slaml 55 Wil 5 o L (gm0 Sla s
(V) sl adls 28 eas g len plo

oy bl Wy j Cae p S ST Slist
2 O3l Olsie 4 355 05,85 S slapks S8 sl K
s g s ks gbdibe 53 60K, Cae
35 S ST 3 50 3 e i, S e 13 eslinal 3 e
Sla oSl gMe mlo e, Lodkiaseab AJ 5
Oloys 5 ot ol 53 (S 55 eimpas 5 (2bIg = (2T
syl g s b (F-Y) 55d e eslinal bagslen 31 Sy
o 3350 33 (63 gdoen SleMbl ¢ IS dnSTT 3 556 0151 3
oy Dlllae )l sy S g0 5 Sk w52 0T
bS5 S 5 g ST s IS5 ST D3 56 o ol 3]
Ol YN Jle s 0l)as 5 Hori L(869) Wilos sas 418 1,
35S ozl W Ul S danST I3 50 a8 Lsls
e 3 ) L 1y gy sl 53 canl skl
e & d Gl e g 4 Sl odd slgtie 8 Slalla
a~3 55 5 (ROS: Reactive Oxygen Species) Jlx {3S|
sl Jlazml GlanslSo 51 (K eshanS| el sl
DNA T 3l | LROS L(A) Gl D133 56 o) dos 55 o

Covawr ¢ J s Csaw Ol 51 Ll 5 oo (DeoXyribonucleic acid)

AR
AR o ‘r—‘”jli c)Lo.i c‘..h:)\.@:: a)jb/v.; u’_<..2j.; r}l.o ali.f;.ﬁb 4.1>u= O
E International License Creative Commons Attribution License 4.0



Qb&sﬁ}@\,@,ﬁ.ﬂq--&m@‘;—e:}»

Sl psdlsy 5 (Jsho 035 5 JSG 48T D55 50 s Cms

MTT 05057 51 eslizal b ladshe i doys w3 S
S5 ol S p S e & MTT 5 gl s sl i
oo 53 adshe 458 o Dlis (S JL a0
LU ST sl ol CiS glals 49 cas
Voo e LSl Cole Y Sl 4 Splane laclale
S Sl e s 8 Ll ad gl 4 MTT &S gzl 51 25 Seo
b AT s YV sl b 5L s S el
5> Jb s +/+¥ (Hydrochloric Acid) HCI J sl=e 05 S 5Ll
&3 5 s ze (Dimethyl sulfoxide) DMSO L J b s 55!
53 Sy i O3l gy OLd o ol b los ]
sy Sl Y oKy bwg Cle Ol 5 Ldd ke
Palm FL (USA) (Stat Fax® 3200 Microplate Readers)
FasLOVr =50 Jsb > (Awareness Technology «nc City
w3 6 1 ke gm IC50 s 3 S (5,5 05100
S 05 8 L amlio 5o 1y ke diy 3l ds s 00 oS JSS

OA) 3 5 dslows (S ol

363500 SLSY a3l
ladsle ey s 5 &S Sl s 5T 5U55,5dms SLSY
(Jsho las 0 03b) Jsho OS5 51 s 5 3515 359 05
SLSY Cdle il cpl by 6358 e 35T CiST bows 4
Sd s olin b ol ¢ Jobo S8 Las 55 U550
Loglols YP ciS o by bdyle il s odd )
Colo YF e 4 IS5 ST 3 56 51 padedio slaclals
55 (LDH) 3U3s,4s SSY {.,_;T Sl Ol s Hles
ST b ool b sl o G ey 5 (o) Jsles
ol el 03 8 (S5l 0sa3T sk LDH pasess
SLSY GUigydas OLSY a7 ol Sy pds S
NADH T 0L 55 5 A8 o bids Slom < 1)
4..51 NAD* « (Nicotinamide adenine dinucleotide)
Lo )3 45 o a5l 5 355 S b Dl g g -3 55 55
sers o a by Sy Ol g eals Ol 2S5 o)ls sy
VEe s i 4l Gl (i ib i) 4 e 35T 00

(1) 35 8 o 6, S ojll eyl

23 aged ek LOT 53 B fedly e 5 (Salsy i
Kol & 8,8 51 JSS ST S35 sl iags
glrs DLS Osesl 51 eslimal Loy Lds gyl &
D3 bl ssse LOT 665 Jomily Olje 5 (Srlusgydes
Jaie OT 53 S5 ST Sl3sb 45T Syg pl 4 823 8
USA) 5w wop &K L 5 odd Jo bl Jlgo
S g BUT gles s 4ads ¥ e 4 (Misonix-S3000
United ) (Malvern) DLS o&ews 5l sslizal b e Liss 5

A 5JUT (Instrument (Worcestershire «Kingdom

SH-SY5Y sl Jokw 08 cuis

4 5 dd (6ol 2 Obgy (Jske eSS I SH-SYBY oyl oo,
O Sy ple oty oT o8ty Jgbo a8 oKileT
DMEM =S Lases 55 o angs (slad shos s .5 5 Jizie
sigma &5 ,&) (Dulbecco's Modified Eagle's Medium)
Y 5 (FBS: Fetal Bovine Serum) oy o b ol jan (K5 T
i8S 3 5 L 03l kST sl JE-L Y g oo
O o8 sl amyn YV gles b 655450 s sl e B
Lids 5,14 (Carbon dioxide) CO; dus 5

B o bhow) Ol wip § MTT Ogojl

(Viability)
a1y b lad e Ful 015 0 MTT 05037 &SGS7 L
Sl o SheS” iy o,y pSh der Gl sl sla,sSTB
2SSl bt Bl ale s (Jhe e sk
S b gl Jee ) 3 Jsle POV T bl it p
S ST Ohisl Calee glacble 5 Al ase,
bolo YF Oe s Gl don 2 0,85 o vV e d i)
oslizal 3550 slaclale 5 8 4 Sl b s (glaos S
LU 53 YW Jl 3 6 ash ol ulal  aalllas oyl 55
ol plonil o gadogs 5 Sadshe » JSG AT S350 SIL
V+ (DUIDECCO'S ¢S gl angs 5 shaie 4 .(WW) s & Ol sy
Jo S Laoe a1l e 40 55 e Slid L 2l S
Lol J S gadse 4 JS6 ST S350 L ol s 5 oAb

Yy
O AARL M‘r‘“).li o yleds LV.MJL@.? UP/V'; é.zj_ t}b & ils al>es
E International License Creative Commons Attribution License 4.0



Q\)&A}@\M,&M@be:y

Sl ey 5 sk 035 5 JSG ST D356 I S

40 A

~ w
= =]

Frequency (%)

-
=)

70 80 920 100 110 120

Hydrodynamic radius (nm)
A" 3153936 (DLS) (SKuoliz  ygb TS 9 51003 11 0 kot 318 ge5
A 5lgd ST 58 U<

Y 513 50d) LS o0 r.Alje

B ok Sbowi) Ol § MTT Ogo3T (Saasdl
(Viability)

GLeLle b adshe (Y Llsse) MTT 04057 mls el
0538 TN X)) G ST S35 kb
Sl Loy s 4SSl ol YF Sl 4 () e
b Gho Sble b S350) IS 05 8 b anlie )5 adshe
S Ao s FAAY 5 SVINY WWINE AV QVIFF O vv s 5
2> Slekiy Fals Bl el s 4 atwly Do 4 &S
Voo s (P</id) p SAS L p S e 00 5 Y slackle
s slalian J S 0 8 4 s P/ N) 0 FALS 0 8 s
WYY Lyl SH-SYSY  Jshu o3, &1, 1C50 Ol
T s & i e 0 85 S

Viability (% of control)

. e [N A Yo
[Nickle Oxide nanoparticles] (pg/mL)
SO ) Mo 30 3 K5 T 153956 w3 1Y 0 sleds s15g03
MTT Q}an 31 oolaxw! b SH- SY5Y sla folw 00 (Viability)

¥ ket M}‘ST Cadlzd b 5
03303 3 s JWb b S 4 sk ey gz 3 ¥ LS
Sl Al e 53 5 25 Jb Y LS G gl g s dl e
2> b el e 5 BB b 4 5T ol Sl G T
Calizes Gl bale L Coln YF G 4 bad sl Tl andllas oy
B{Jvowe VR PN [ WU V- 00 PO S RV VOO R BY P
0 Do a alds 55 550 W00 Ce e by o e O b S
5 A w593 (g9) Jolome caals] 53 LU S e mla adds
O3l SN 483 V5l g s 8 L1 nd sk 4 08 3 3
iV Sde s GEIS aus Vel s s ke &=
S 5T ol Sl canp st 4 b3S s Sl
Leu-Glu-His-Asp-) LEHD-p-NA ;i , (“»ﬂ Sl i
ObLs s oslanal ¥ 5LulS” (6l 2 g Ol 2o 4 (-nitroanilide
50T 3 PNA (lals) Cose o 5T CIKT &8 ol S5
Sl Ol 238 o g B0 ae Igb s i a1
93 3 38 (61w g S 55 5 S Ol om0 830U 5
ki glpel Jobe ojlae 55 LulS Sl Ol ans

Sl Julo 9 41 3285 b9
5 SPSS 23 ,i5ile 3 5l eslizul b aslllas opl 51 ool il
5 oy o5 b s One-way ANOVA (LT slagse;T

5 815 gl o 54

Lasy

DLS ¢g03T gubi

Solzgyds buge plad ol e mlbs ol
7o 5B AYVIED/AA 550> DLS 5y, 4 S ST Sly3 56
4 O3St g oS Sl Ol bl s 8 (58Il
D3g CHIESS adaslls ge 2l S 2p KL S
L;\:;J:W;Lgb:.;,l.up@uj@;gr,\p}u,s}sud}xﬁ
spd- DLS iy, b 5o SO ST Sldgt Jslone
OT 31 S laesls ool idss 5 aculous I s —YAFVEE/VY

b o G @l (S5 4SS5 ST s

Y¢
AR o cr.kéjli a)l.o.i LV.A:)\@:: 09 /r.; ‘;.Z-J.; r}.\.o o\i.f;d\: 4.1>u: Q
m International License Creative Commons Attribution License 4.0



Q\)&A}@\,@,@-M@b—e:}»

Sl psdlsy 5 (Jsho 035 5 JSG 48T D55 50 s Cms

Calien S Ble b oods b sladshe 5 J28 058 s
2 eSS AN ) G ST St
Syse 4 besls das o Ol 1) Cole YF Ol 4 () L

Lo 0315 QLS it 05057 4w 512SD - 55La
S Lo 5 ¥ Ll T Sl Ol F s
bods s sladsbe 5 J =87 05 5 55 SH-SYEY (slad b
PN D N ) S ST D3 L Cales sl ke
ot 53 a0 OLE 1 Cela YF De 4 (s 0 875 S
Cilitmn (slaes S 55 ¥ 5Lals Sl Ol ot el
bl st FO mse dsb s 8 o Ol bl
O30T 4w 5 2SD o Kle Soyse 4 Lesls s S
5 (TP<e/o)) ((P<e/00) blods sl (ioles 4 it

J...&L@ Jﬂfa}fliwuﬁ)s(***la<'/"\)

Yar o

*kk
= ¥ **
°
= *

c

8

w Ve
°

)
2.3
2

i

<

om

o O
@

©

-3

@

©

o

A\ ¥ o A AR

[Nickle Oxide nanoparticles] (pug/mL)
S ok cuis” Lamo 53 ¥ bl a9 3T Cdlad O o F 0 5lods 10903
ol slosd S Jokw 9 J 557 09 5 50 SH-SY5Y

W)
(S e 53 D356 0955, s, 4 e L
S pt b D350 Gl iSan sy 4 Oliioes a5
S Az OT 5 (S s (YY) Sl o o glane s
S ST sl o S ST (VL slac bl
AYFYE) 35 8 o Olglse g 5 0Ll )3 Gy o alex
U0 (D3P e Eoms )3 g sl Slep 50 51 (S
O3 s gl 5 (2o (T SlS 5 ol ol S
igh (eaf (e St n 9 bdde oA
5l T dlax 1 eme Glas)les plsl sl Col Wil 5 o

(LDH) 36395088 O™y g0l b

A o 53 Sl YF Gl ey X hasal mls il
Calie glac bl L SH-SY5Y ladyle o5
A8 S350 (e g2 p 558 N d )
ldsle 5ILDH 5T (g3luley 55 (gylsbias Soslis JSS
055 b aglin 55 el S Lle 53 D350 L edks jles
3 K odalie (i hale) J S8

¥kl 3T cdled b3y b

Caliee glacble L SH-SY5Y ladshe ls 3l
PRS- 3 VPR YA P TV RN D RED RN e R RCH Y
CLE 4 dly oo 4 ¥ Ll 5T cdl (e
2eS ke Vrosloble s i ol & L
Voo 5 (P</)) p SAS 5 S e 00 ((P</00) p S LS
stas U8 05 8 4 s P<e/0 ) p SAS 5 0 8 Lo
(Y s 505) 55

K daSt Ohisl Gk glachle L bl
Colo YF Se 4y (ke 2 p 55,0 ) e edd o)
+SD Kile Oy g 4 baosls &5 ol 73 0LLE s Hles
("P<e/+Y) 5 CP<e/08) cdilods oyl Jites 05057 anw |
b S ST 3 50) J S 05,8 b dwslie 53 O35 lsline
s o Ol 1 Gae bl

SH-SY5Y (slad s Lo s LDH o 5T (bula; Olson ¥ i o3

140 -
120 -
11 I 'y
S 11 + !
£°¢
980 -
k]
5'\3.60 k
Za0
2
20 -
T
9 0 N T N T N T r T r 1
0 20 40 60 80 100

[Nickle Oxide nanoparticle] (pg/mL)

SH- sl Jokw tawgi LDH @ 3T (5 5kald 3 Of 3w 2 0 5lods y1d 908
ol slo Sy Jglw § J 5 09 5 50 SYBY

Yo
<> Y44 M‘r“).li oyleds Lrﬁ})tﬁ UP/V'; éﬁoﬁ t}b ol ales
m International License Creative Commons Attribution License 4.0



Qb&sﬁ}@\,@],&.ﬂq--&m@b—e:}»

Sl psdlsy 5 (Jsho 035 5 JSG 48T D55 50 s Cms

Fobo & n danly 4 JSG LS S350 L Sl S
el ool 5 Gl odd (g5 a0k

S3 b Ca DI L5 pske & iy & Lagh ol
Wb plnil gl s Sl B 350 53 (S JSS 4S]
Wy caw bl Hsb 4 Slydgl ol &8 Wols Ol
DNA & ol 35, (ROS) 0 1Sy O5mST slaw S
Jesily 5o It 5 ST (esises S SVl
) S8 S 5 55l il 5 0l o158 20 Ll
ST O30 b e Bge Hles andllae cpl 53 aiS o sl
ST 05565 5T 5 (Sed Ol ST Ole (S
LSL“V{};T CL‘N S J s el il gylslas H4b a4
oL 3 SYBE 5 56 senwd denST s g abor 31 SlAnST ST
LSl el S

G A8 o s (5B e ST L
b 3LalS Oas b b S o Wl jgm T dl 3 5T ,s 1,
5 oles S OMb (ST Ik (FaSTs 2 daz 1 G
3 5h g0 Sl ég.::}:{};_T clad s ;5 DNA i asks asks
S5 2l eSO LlS (s g 1 L(YO-YY)
b o s T Sl iy Sla s 5 525 93 3LwlST (5 oger |
LUl 55 el JT (5le 33 (e Slad ko &5 a b a8
Olse 4 ¥ 5Luls Cdlb )3 i c) 55 opl 1 tEL
ol (63 yab s 65 s s s L s 5555 gv-é-‘,vi‘-m S
et SHELE 3 (e A Ll (o0 5 358 0 D minn (Sl
ey oee sladse 53 O3S G AL S
3 ol adlllan 1 ol b bl sl axsls Ll
O3l Calise claclale L SH-SY5Y sladsle jls
4l oo 4 Y Ll T Sl (JS ST
Ves S Yo ke 1S gysb a6 S Iy il cble
35 edaline J xS 05 § w Cad (gylsline Sl YL
Yo slacbkle js S0 ST Sly3 60 a8 s Ol el oyl
51 SH-SYBY sladsbe 53 Jsho 5 0 Ly, Wl 4 ete
il S Sl 4 g Ll Lledd b lwlS 4 atsly s
035 b dS gie lad CanT bl 51 50 Y 5LulS Cles

o 25 3 St Dlallas OpSTE Lps O pelS L
@S Sy e sdle 55 K5 4SS5 40 Cen
V) el

Sl 5 S s sl eSSy sy & MTT 55T
ol sl sSTh 4 bd gl by L1y o & Sl ad sho
g a0kl lad e slaw 2l L il s oL
ol 3l e BT s ke (ol AS s Sl L e
O Ll g by e b e gy ) el )
DS g 3T ahs 4 padsil s &Ky 555 gladlw S
i O3l 6,5 T sladliy S LSKES 5 5655540
Sl a5 51 4 gladshe slaw L ods Wy K5 O
g 0 L oS (lanllln )3 3,0 s dal) s Jlab
2 eSS 0 b lachle L G ST S350
Slooky Ol dd il by s ladshe 2 e
Sl gals IS ST Oyl bl il b ad e
ST D)3 6 Calides glaclale J1 Lol Jragh s (V)
SH- ladsbe o35 2 (il 2 ¢85S Ver b 0) IS
S 45 313 DL MTT 05037 ol 3 8 (s 2 SYBY
4 Ll Syge 4 Cole Y Ol s Sly3gL ol Jske
Oy Olllee Glaasl b e op) ST b 1P Bl
V) omb CBle 53 O3k ol & )b 4 fOV) Sl panen
S 03 B S5k Glaoss 551 Gl 2 p 55 S
P B T R S S W BEC T y
S obsT 51t F ol Sles LialS cow chile o
IS ST S35 ke m 1C50 ol iagl s
Mo IS 05,8 b aslin 5o 1y badsle iy 5l A3 00 oS
055,550 ATV Ll SH-SYBY Jlu o3, sl kS oo
Voo S VL Gt ke ey el s 4 e
W 555 A 0S5 S

354 SSY gilulay Aoy MTT a7 EB L ke
28T Sl b Calbes SCLlE b ok Hlad sadshu s
ol Il ol JaS 0 8 L1, ylslee sl (S
33 el sbul e S5 ol 8 55w Ol e

SHSYSY (ladjle Slok; 2als 5 Lisd o Joho slis

¥
AR o ‘r—‘”jli c)Lo.i c‘..h:)\.@:: a)jb/v.; u’_<..2j.; r}l.o ali.f;.ﬁb 4.1>u= O
E International License Creative Commons Attribution License 4.0



Qb&sﬁ}@\,@,ﬁ.ﬂq--&m@‘;—e:}»

Sl psdlsy 5 (Jsho 035 5 JSG 48T D55 50 s Cms

S 03,8 b D58 IS Gla ol 4 Gy
23 i el s Lyl 1) DNA & T oS sl (g LT
BEAS- A549) bl 55 JUbial (bl sk 55 Jshos 45 2
Sledi) doys SO wwST Shigh (M) WL . @
So5n T gea S b S Sl sy byl slad s
555mT G55 4wy Sope 4 pomes s e talS
Wl (FF) wS e W SH-SYBY sladbe 5 1) 53,55
o )18 55 Gy slad s 53 S5 ST o 55,55

Y0) Cl

S 5 doxl
Gdsle 5 UG A4S S sk e SIS Sl anlllas
Sl Ol i el e 055 Jwe 3 b 3l 1, SH-SYBY
S e S S i 0T 5 (S MTT 5bjT ol
Oy o 4 SH-SYBY (slad s 5o G dS S y3 56 5o b
M)J‘aj.)ybs;]alﬁﬂ‘f‘bjQ}S»GAJ»&BCMF@MU
DT ml s ol b b 2l bdsle Sl
23 e Gy Eel S AT L3 56 &7 sl olis LDH
o3 53 55 Y Skl 5T C Il sk el Jske slis
Ol oS 28l il Sl YF 51 s G ASTT O350

Ly

LSRR o)
S 5 ke il elid )8 abOLL ) Sl A
od gl el O Sy psde oy ol 1T oK
el 1,3 53 15 O K535 47 (651 31 plos 51 a0y ol

.;ggﬁx,ﬁ.@‘m}g@\,@ﬁ)zd!

b sl

b)‘ubbf-)&fﬁbf‘)wﬁj?@u:&)ﬂd“)s

s ok
DNA s WT,’,,,WMJ;J'\};\M\ ool s 5T
Lz OT 51 (Sl iy Slalllas cu (YA) wily oo o s
IR Gk S sl Wl Lol dig e S5 S S
old i) 8 poman (YA) 345 i ge 4in sladse 45 ROS
35 S 3wl o il 5 o SO ST 350 48T
5 St i 5 550 5T W (HEPG2) Olusl (sUS” slad sk
S sy oo sk bdshe ol 53 (9555 5 gL e
Ol il 31 o JS5 ST S350 (s plail il )
Ol a8 o 3 6is Y 5Ll 5 Bax S g 5T b0
5o (P Wsls aals 1 Bely dile oS g T 5T a0
Ab odalie ¥ 5LwlS ol lobae Rl 55 Sl hash
O Ses 5 Latavan glaasl .5p 50 5T Wl ediasolas o
il 5 e S ST D30 oS disls OLa YN8 Jle o
ROS &8 s ey ool b 58 DNA & T 550 conm
s Glaasl b mls ol (M) am plelid S 0553
S Ol Bl B 03 15 S (o pees Sl
pox S A8 Olyisl Caliee el ble L sk
135 edslie Sk U550 SUSY Ol 53 (g lslias
G 3 Blodzs 55,55 Hls badshe das o Ol ol ol &S
DNA & T 35, odiasolis ¥ 5LalS” Sl 21530 S0
Sl odds ol b o (655 T s Os Jleb 5 L ks
ol (e Ce G e G ST D350 &S
¥ 3lals o 5T Cdld G530 ol jan 55 5T slawsl 5 5514ST)
lsn ol JUnyl cladshe ;3 DNA (il asked askas
3 5510 ol 3wl b3 5148 (FY) W 5d e (HEP2) Ol
SR 03 125 b Sl hasn s balas ) 55 S
LS 356 b bad gl les 51 B6 (g laline 55,55 Sl
g5 > Do s 4 Kl ol ol s KT sdaline IS
Sl Oboj e Cpiman 5 S350 ChlE 53 sl ad sl
2SS ST D3 oty Sl pls el AL

YV
O AARL M‘r‘“).li o yleds LV.MJL@.? UP/V'; é.zj_ t}b & ils al>es
E International License Creative Commons Attribution License 4.0



OSan 5 Sl i dases ol 0330 Sl o555 5 Sk 035 1 IS LS D)3 56 J gl oo

References:

1. Sriram K, Lin GX, Jefferson AM, Roberts JR, Wirth O, Hayashi Y, et al. Mitochondrial dysfunction and loss of
Parkinson's disease-linked proteins contribute to neurotoxicity of manganese-containing welding fumes. FASEB J
2010;24(12):4989-5002. DOI: 10.1096/fj.10-163964

2. Vimala Rani JD, Kamatchi S, Dhathathreyan A. Nanoparticles of nickel oxide and nickel hydroxide using
lyophilisomes of fibrinogen as template. J Colloid Interface Sci 2010;341(1):48-52. DOI: 10.1016/j.jcis.2009.09.006

3. Mu Y, Jia D, He Y, Miao Y, Wu HL. Nano nickel oxide modified non-enzymatic glucose sensors with enhanced
sensitivity through an electrochemical process strategy at high potential. Biosens Bioelectron 2011;26(6):2948-52.
DOI: 10.1016/j.bi0s.2010.11.042

4. Minigalieva IA, Katsnelson BA, Privalova LI, Sutunkova MP, Gurvich VB, Shur VY, et al. Attenuation of combined
nickel (I1) oxide and manganese (I, 111) oxide nanoparticles' adverse effects with a complex of bioprotectors. Int J Mol
Sci 2015;16(9):22555-83. DOI: 10.3390/ijms160922555

5. Gong N, Shao K, Feng W, Lin Z, Liang C, Sun Y. Biotoxicity of nickel oxide nanoparticles and bio-remediation by
microalgae Chlorella vulgaris. Chemosphere 2011;83(4):510-6. DOI: 10.1016/j.chemosphere.2010.12.059

6. Baek YW, An YJ. Microbial toxicity of metal oxide nanoparticles (CuO, NiO, ZnO, and Sh203) to Escherichia
coli, Bacillus subtilis, and Streptococcus aureus. Sci Total Environ 2011;409(8):1603-8. DOI:
10.1016/j.scitotenv.2011.01.014

7. Horie M, Fukui H, Nishio K, Endoh S, Kato H, Fujita K, et al. Evaluation of acute oxidative stress induced by NiO
nanoparticles in vivo and in vitro. J Occup Health 2011;53(2):64-74. DOI: 10.1539/joh.110121

8. Ahamed M, Karns M, Goodson M, Rowe J, Hussain SM, Schlager JJ, et al. DNA damage response to different surface
chemistry of silver nanoparticles in mammalian cells. Toxicol Appl Pharmacol 2008;233(3):404-10. DOI:
10.1016/j.taap.2008.09.015

9. Zhan H, Suzuki T, Aizawa K, Miyagawa K, Nagai R. Ataxia telangiectasia mutated (ATM)-mediated DNA damage
response in oxidative stress-induced vascular endothelial cell senescence. J Biol Chem 2010;285(38):29662-70. DOI:
10.1074/jbc.M110.125138

10. Ahamed M, Akhtar MJ, Siddiqui MA, Ahmad J, Musarrat J, Al-Khedhairy AA, et al. Oxidative stress mediated
apoptosis induced by nickel ferrite nanoparticles in cultured A549 cells. Toxicology 2011;283(2-3):101-8. DOI:
10.1016/j.tox.2011.02.010

11. Ahamed M. Toxic response of nickel nanoparticles in human lung epithelial A549 cells. Toxicol In Vitro
2011;25(4):930-6. DOI: 10.1016/j.tiv.2011.02.015

12. Ahamed M, Akhtar MJ, Raja M, Ahmad I, Siddiqui MK, 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
2011;7(6):904-13. DOI: 10.1016/j.nan0.2011.04.011

13. Capasso L, Camatini M, Gualtieri M. Nickel oxide nanoparticles induce inflammation and genotoxic effect in lung
epithelial cells. Toxicol Lett 2014;226(1):28-34. DOI: 10.1016/j.toxlet.2014.01.040

14. Saquib Q, Attia SM, Ansari SM, Al-Salim A, Faisal M, Alatar AA, et al. p53, MAPKAPK-2 and caspases regulate
nickel oxide nanoparticles induce cell death and cytogenetic anomalies in rats. Int J Biol Macromol 2017;105(Pt
1):228-37. DOI: 10.1016/j.ijbiomac.2017.07.032

15. Shipley MM, Mangold CA, Szpara ML. Differentiation of the SH-SY5Y Human Neuroblastoma Cell Line. J Vis Exp
2016;108:53193. DOI: 10.3791/53193

16. Kovalevich J, Langford D. Considerations for the use of SH-SY5Y neuroblastoma cells in neurobiology. Methods Mol
Biol 2013;1078:9-21. DOI: 10.1007/978-1-62703-640-5_2

17. Abudayyak M, Guzel E, Ozhan G. Nickel oxide nanoparticles are highly toxic to SH-SY5Y neuronal cells. Neurochem
Int 2017;108:7-14. DOI: 10.1016/j.neuint.2017.01.017

YA
AR o ‘r—‘”jli c)Lo.i c‘..h:)\.@:: a)jb/v.; u’_<..2j.; r}l.o ali.f;.ﬁb 4.1>u= O
E International License Creative Commons Attribution License 4.0


https://www.fasebj.org/doi/10.1096/fj.10-163964
https://doi.org/10.1016/j.jcis.2009.09.006
https://linkinghub.elsevier.com/retrieve/pii/S0956566310008080
https://www.mdpi.com/1422-0067/16/9/22555
https://linkinghub.elsevier.com/retrieve/pii/S0045653510014645
https://linkinghub.elsevier.com/retrieve/pii/S0048969711000519
https://linkinghub.elsevier.com/retrieve/pii/S0048969711000519
https://onlinelibrary.wiley.com/doi/abs/10.1539/joh.L10121
https://linkinghub.elsevier.com/retrieve/pii/S0041008X08003888
https://linkinghub.elsevier.com/retrieve/pii/S0041008X08003888
https://linkinghub.elsevier.com/retrieve/pii/S0021925820526847
https://linkinghub.elsevier.com/retrieve/pii/S0021925820526847
https://linkinghub.elsevier.com/retrieve/pii/S0300483X11000874
https://linkinghub.elsevier.com/retrieve/pii/S0300483X11000874
https://linkinghub.elsevier.com/retrieve/pii/S0887233311000579
https://linkinghub.elsevier.com/retrieve/pii/S1549963411001729
https://linkinghub.elsevier.com/retrieve/pii/S0378427414000605
https://linkinghub.elsevier.com/retrieve/pii/S0141813017314988
https://doi.org/10.3791/53193
https://link.springer.com/protocol/10.1007%2F978-1-62703-640-5_2
https://doi.org/10.1016/j.neuint.2017.01.017

OSan 5 Sl i dases ol 0330 Sl o555 5 Sk 035 1 IS LS D)3 56 J gl oo

18. van Meerloo J, Kaspers GJ, Cloos J. Cell sensitivity assays: the MTT assay. Methods Mol Biol 2011;731:237-45. DOI:
10.1007/978-1-61779-080-5_20

19. Kaja S, Payne AJ, Naumchuk Y, Koulen P. Quantification of lactate dehydrogenase for cell viability testing using cell
lines and primary cultured astrocytes. Curr Protoc Toxicol 2017;72:2-26. DOI: 10.1002/cptx.21

20. Butterick TA, Duffy CM, Lee RE, Billington CJ, Kotz CM, Nixon JP. Use of a caspase multiplexing assay to
determine apoptosis in a hypothalamic cell model. J Vis Exp 2014;86:51305. DOI: 10.3791/51305

21. Alshatwi AA, Athinarayanan J, Periasamy VS, Alatiah KA. Date fruits-assisted synthesis and biocompatibility
assessment of nickel oxide nanoparticles anchored onto graphene sheets for biomedical applications. Appl Biochem
Biotechnol 2017;181(2):725-34. DOI: 10.1007/s12010-016-2244-z

22.Din MI, Nabi AG, Rani A, Aihetasham A, Mukhtar M. Single step green synthesis of stable nickel and nickel oxide
nanoparticles from Calotropis gigantea: catalytic and antimicrobial potentials. Environ Nanotechnol Monit Manag
2018;9:29-36. DOI: 10.1016/j.enmm.2017.11.005

23.Liu S, Zhu A, Chang X, Sun Y, Zhou H, Sun Y, et al. Role of nitrative stress in nano nickel oxide-induced lung injury
in rats. Wei Sheng Yan Jiu 2016;45(4):563-7. Link

24.Chang X, Zhao H, Gao J, Chen L, Zhu A, Wang C, et al. Pulmonary toxicity of exposure to nano nickel oxide. Micro
Nano Lett 2018;13(6):733-8. DOI: 10.1049/mnl.2017.0802

25. Bahadar H, Magbool F, Niaz K, Abdollahi M. Toxicity of nanoparticles and an overview of current experimental
models. Iran Biomed J 2016;20(1):1-11. DOI: 10.7508/ibj.2016.01.001

26.Slee EA, Harte MT, Kluck RM, Wolf BB, Casiano CA, Newmeyer DD, et al. Ordering the cytochrome c-initiated
caspase cascade: hierarchical activation of caspases-2, -3, -6, -7, -8, and -10 in a caspase-9-dependent manner. J Cell
Biol 1999;144(2):281-92. DOI: 10.1083/jcb.144.2.281

27.Helmke C, Raab M, Rddel F, Matthess Y, Oellerich T, Mandal R, et al. Ligand stimulation of CD95 induces activation
of P1k3 followed by phosphorylation of caspase-8. Cell Res 2016;26(8):914-34. DOI: 10.1038/cr.2016.78

28. Abudayyak M, Guzel E, Ozhan G. Nickel oxide nanoparticles induce oxidative DNA damage and apoptosis in kidney
cell line (NRK-52E). Biol Trace Elem Res 2017;178(1):98-104. DOI: 10.1007/s12011-016-0892-z

29.Zou L, Su L, Sun Y, Han A, Chang X, Zhu A, et al. Nickel sulfate induced apoptosis via activating ROS-dependent
mitochondria and endoplasmic reticulum stress pathways in rat Leydig cells. Environ Toxicol 2017;32(7):1918-26.
DOI: 10.1002/tox.22414

30. Ahmad J, Alhadlag HA, Siddiqui MA, Saquib Q, Al-Khedhairy AA, Musarrat J, et al. Concentration-dependent
induction of reactive oxygen species, cell cycle arrest and apoptosis in human liver cells after nickel nanoparticles
exposure. Environ Toxicol 2015;30(2):137-48. DOI: 10.1002/tox.21879

31.Latvala S, Hedberg J, Di Bucchianico S, Mdller L, Odnevall Wallinder I, Elihn K, et al. Nickel Release, ROS
Generation and Toxicity of Ni and NiO Micro- and Nanoparticles. PLoS One 2016;11(7):e0159684. DOI:
10.1371/journal.pone.0159684

32.Siddiqui MA, Ahamed M, Ahmad J, Majeed Khan MA, Musarrat J, Al-Khedhairy AA, et al. Nickel oxide
nanoparticles induce cytotoxicity, oxidative stress and apoptosis in cultured human cells that is abrogated by the dietary
antioxidant curcumin. Food Chem Toxicol 2012;50(3-4):641-7. DOI: 10.1016/j.fct.2012.01.017

33. Capasso L, Camatini M, Gualtieri M. Nickel oxide nanoparticles induce inflammation and genotoxic effect in lung
epithelial cells. Toxicol Lett 2014;226(1):28-34. DOI: 10.1016/j.toxlet.2014.01.040

34. Duan WX, He MD, Mao L, Qian FH, Li YM, Pi HF, et al. NiO nanoparticles induce apoptosis through repressing SIRT1 in
human bronchial epithelial cells. Toxicol Appl Pharmacol 2015;286(2):80-91. DOI: 10.1016/j.taap.2015.03.024

35.Flamme M, Cressey PB, Lu C, Bruno PM, Eskandari A, Hemann MT, et al. Induction of necroptosis in cancer
stem cells using a nickel(ll)-dithiocarbamate phenanthroline complex. Chemistry 2017;23(40):9674-82. DOI:
10.1002/chem.201701837

A\
O AARL M‘r“).li o yleds LV.MJL@.? UP/V'; é.zj_ t}b & ils al>es
m International License Creative Commons Attribution License 4.0


https://link.springer.com/protocol/10.1007%2F978-1-61779-080-5_20
https://link.springer.com/protocol/10.1007%2F978-1-61779-080-5_20
https://currentprotocols.onlinelibrary.wiley.com/doi/10.1002/cptx.21
https://doi.org/10.3791/51305
https://link.springer.com/article/10.1007%2Fs12010-016-2244-z
https://www.sciencedirect.com/science/article/abs/pii/S2215153216301179
https://pubmed.ncbi.nlm.nih.gov/29903323/
https://digital-library.theiet.org/content/journals/10.1049/mnl.2017.0802
http://ibj.pasteur.ac.ir/browse.php?a_id=1494&sid=1&slc_lang=en
https://rupress.org/jcb/article/144/2/281/16044/Ordering-the-Cytochrome-c-initiated-Caspase
https://www.nature.com/articles/cr201678
https://link.springer.com/article/10.1007%2Fs12011-016-0892-z
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.22414
https://onlinelibrary.wiley.com/doi/abs/10.1002/tox.21879
https://dx.plos.org/10.1371/journal.pone.0159684
https://dx.plos.org/10.1371/journal.pone.0159684
https://doi.org/10.1016/j.fct.2012.01.017
https://linkinghub.elsevier.com/retrieve/pii/S0378427414000605
https://linkinghub.elsevier.com/retrieve/pii/S0041008X15001155
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/chem.201701837
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/chem.201701837

