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Abstract:

[ Objective ] To assess the effects of silica nanoparticles on oxidative damage and apoptosis in human lung adenocarcinoma A549 cells.

[ Methods | A549 cells were treated with silica nanoparticles at mass concentrations of 25, 50, 100, and 200 mg/L, respectively,
for 24 and 48 h, and the control group was exposed to the culture media without silica nanoparticles. The morphologies of A549 cells
after 24 and 48 h exposure were observed by fluorescence microscope. Cell viability was measured by cell counting kit (CCK-8),
cell inhibition rate and 50% inhibitory concentration (/Csp) were calculated, and the curve of percentage of cell inhibition was also
drawn. Malondialdehyde (MDA), superoxide dismutase (SOD), and lactate dehydrogenase (LDH) were detected by commercial kits.

Flow cytometry was used to detect reactive oxidative species (ROS) and apoptosis rate.

[ Results | Afier being exposed to silica nanoparticles for 24 and 48 h, the A549 cells showed various morphological changes,
including cell vacuolar degeneration and cell shrinkage. The cell inhibition rates were both increased after 24 and 48 h treatment

compared with the control group (P <0.05). Moreover, the ICs of the 24 h exposure group was 125.8 mg/LL and that of the 48 h exposure
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group was 50.83 mg/L. The levels of MDA, LDH, ROS, and the apoptosis rates were higher in the groups exposed to higher doses of
silica nanoparticles (P <0.05) and the SOD levels showed in an inverse manner (P<0.05).

[ Conclusion | Silica nanoparticles could change cell morphology, aggregate oxidative stress, increase ROS, and even lead to cell

apoptosis and death in A549 cells.

Keywords: silica nanoparticle; A549 cell; oxidative stress; cell apoptosis

Citation: ZHANG Shi-han, LIANG Xue, WANG Yan, et al. Oxidative damage and apoptosis induced by silica nanoparticles in A549 cells in
vitro[]]. Journal of Environmental and Occupational Medicine, 2017, 34(5): 449-453. DOI: 10.13213/j.cnki.jeom.2017.16814

AR EAAALREVE N ORAR R S i — 5%
HAL B o RS E | AR B S 205
Rk, ) 12 s T BRos | ARl S H AR T 5540
B SR, KOk R E
TEREEH, AN ENGE | 1, B RAF A il Y
HLE RGN AR —AALRES IR T IS, 5
iy W A B A L iy b Bz AR AR AR, SR 0
B0, IR AL BEROS O, R N 7k — 2
BOAE S iR 2] 5 I . S st se i,
S UEREE YL BE IR RIS o 2 Hh BRI SR s L P 25
R, SR BRI A O, RETE 30 d R BERE U]
DI BUAARFIER55 ket , TS A Bl Al 4 21
T E U RAMIFTE R, Aok AL RERE
oMM AL S, FARANMLE 7, 513 DNA 45
(TN OR N RN S 31 e RN (97 3= 521 B S
SEARREXT R UL 1 Y b e i e B s, i
BERT UL, BT BB FE R TR R RER MR 25
WIAEE—.

AR FE ASFARLAE 30 nm A0k — AL RE RS20
FERE, S SRR IR AN [R] I 1) e 25 A549 40 i Y 7
5, R AR AR S A A T DL, AR K -F
RO AR, e mARAk — A
TR P B/ ML S A1 R Bl

1 MREFE
L1 Zmpels A4t

AS549 Al A Hh EREBE L AR AE I T B
Yok A ARRE CFYHRAE 30 nm, 46 99.9%, 45 )
1 B b s R B SR PR A H
1.2 X5

DMEM =555 37 35 GE, 3£H ), 1 Gibeo,
K ), Bd g (LRI AR A RA A, h
), MR Eh 5% i ( phosphate buffered saline, PBS )
(FLAY TRARAA, ), BCA S N
ARG BlE R KAV, D, N

( malondialdehyde, MDA ). i# 8 ALY AL ( superoxide
dismutase, SOD ). FLig I Z 1 ( lactate dehydrogenase,
LDH ) 1 % 457 & . CCK-8 57 45 ( g st & e 9 T
FEWFFT AT, ), 5% (reactive oxidative species,
ROS )iXH £ . Annexin V-FITC 4 LA T4 7] &2
(UM BEE DR A FRAF], HE ),
1.3 N5

8000 741 3432 1 CO, 15574 ( Themo Science, &
[ ), CK40-F200 5] & %¢ 5% 2 7545 ( Olympus, H A ),
Zetasizer Nano-ZS90 % Malven $7 B 43 #14X ( T /R SCAY
A BRA], BEE ), TDZ6B-W.S B0 HL( F i ik
DU ER A BRA ], FE ), BS210S HLF KA (Jb
LRI REABR 2 H], HE ), KQ2200E # 7 i vk
R A A BRA R, ), SW-CJ-2F #
ARG (RN Z RS IBEARARAF, THE), Bitn
X ( Bio Tek, Z£[H ), FACS Canto™ Il =N ZHAAX ( BD,
EE ), JEM-2100 B S o5 ( TEM )(JEOL, HA ),
1.4 X7
141 M e ERAE 15 S 82 (transmission electron
microscope, TEM ) FAFE 4K — A ALk OkL ik 42 KN
IR . Bk A M B2 S il R H S KA
A TCIM G DMEM 8532, B LR 3 200 mg/L (1)
WU, RS 30 min (LTS 43 1, AOBPRIAR /N
Malven A2 50 A48
142 safi¥Fqnse4l AS49 4kl DMEM 1555
K (8 10% R I , 100 U/mL 75 %5 2 F1 100 pe/mL 5
TE)TIE3TC . R 5% 1 CO» 5548 T AR 35
K AR PR BRZEH AN 4 A SEH2H , X BRZ ARG TR
SEES LA BN 25, 50, 100, 200 me/L 44k — A AL
W, A 3R L. P BB IEZ 0, 25,
50. 100, 200 mg/L 44 K — SR AL i 1 W UL 5 24 48h 5
AS49 A ITEAS A1
143 ZHE A BN B AS49 QI AL S x 10° 4
AR R T 96 FLA R, FH25. 50, 100, 200 mg/L 4K
BRI LR 24 L 48 0, BFLIIA 10 L CCK-8



http://jeom.sede.sh.cn:8081  F135E 5O BE % (] Environ Occup Med ) 2017, 34(5) + 451 -

A, AREE IR 4h s, R ARSI E 450 nm 20 1)
B DAE, TR AN R, A ke 0 il
2 =100%~[(Dypm—Dapm )/ (Dappa—Dospm )] x
100% , FF4i 2 i 4 B d il 2 th e s SR AT IE T
AR BE (ICso )
144 fE B E A B g AR AT A L B TR R Y
2, TR A0 R N 1 x 1054 /mL, BERP T 6 FL AR
Hr, Bl 2mL B IR, 25, 50, 100, 200 mg/L 44 >k —
AALREVE U T 24 48 h i, WRAE AN, +4% FE MDA |
SOD ., LDH it 7] & 45 1 U5 W1 Wl %2 41 il MDA | SOD
LDH % o SR P U2t AR U 2 i 9 ROS 7 4
1.4.5 @A T AN JHE AS49 413 N 1 x
10° A4 fmlL, 23508 F0F 6 LA, FEFL2 mL K539,
25.50. 100, 200 mg/L 4K — AL FEA IR LT 24 . 48h
S WSCER AR . 40 A2 7 F 200 pl 255 2 b,
A5 uL YRR V- S8 RO R ( Annexin V-FITC)
FS UL BAEPIRE (PL), BE1E5), S IEDEV 15 min,
PRI 200 pL 45622 Wi, R T 2t R A SRS 17
T15 0L
1.5 %itF o

SEIS BRI LA Y + s KR o R HH SPSS 21.0 B4k
FFEAPR % )5 2243 B ( One-Way ANOVA ), S2I62H 5 %)
R82H 2 18] K F Dunnett-£ 4558, 56 7K #E 0=0.05,

2 R
2.1 #kZRALEERAE

YK AR AL RE I S A SR UL 1, o S e A
WEIR, 9k EALRENERTE, 85, S ok
B2 M 30 nm, Malven K420 AT m0 25 3 B s, 708X
TS ML ) DMEM 35 729 H 1Y 9 oK — A8 A0 fk 0k
RifE A (855.9 7.9 )nm, HJRIRRIAE K,

1 kS EESHERER

2.2 th R RIS AS49 e AR E N Ha

Yok A AL ik YL T AS49 41 ifl 24 | 48 h ) 4 LI
DR, A BRI TS, 4 M H B8 45,
WSS A L P AR 28 W ) 7 A

ANTRIHR BE 9 oKk — SR A ik Y B AS49 i i 24 . 48 h
J&, AP R A R R 2, 5 B A A EL AR
A549 4 ffl e B 20 (94 1 2 0] B S (P <0.05); TR
Yurp vk BEEAH R AAE DL T, 45 21 48 h i I 40 i 5 4R &
T 24h YeRp 2, BEAE L vk BE ARG R, XoF 40 A A i)
W TR AE ., 24 h 4l ICso N 125.8 mg/L, 48 h 41 ICso Hy
50.83 mg/L

70
60
50
40
30
20:

10} s

0 | Il | Il | Il | Il J
0 25 50 75 100 125 150 175 200 225

PR (me/l)
[VE J#: 5 [E &) 4B 4 AR, P<0.05.
2 MK ZEEEST AS49 AR 24, 48h HILEAAIN HI 2R dh &

AHAEIERIA (%)

2.3 4k = RACEE R ASA9 ta ML BAL BB IE AR E ol

ARV B Aok — ALk Y BF AS49 4l if1 24 . 48 h
J& . 40 MDA . SOD . LDH )28k 1% 5 ILIE 3.

WE3(A~C) iR, ST A A, & Yedidl
Wit YL Bk B2 ) TRy, MDA &5 . LDH {6V i 4
(P<0.05); FEYBRRREMFE AN T, £448h 1
MDA & T 24 h JeagdH

EIXTRRLHAR LA, Bl A G dE v BB N, 45 Yy
ZH A PN SOD B Mok SIS, 22 R A il
X (P<0.05); HFIM T, YL8i 48 h 21 SOD [l i 14
Fe YL g 24 h 411K

Yok = AR AL Bk YL AS49 4 if1 24 . 48 h 2 T 1
A (ROS)ZESRILIE 3D, SXHRL A LR, S Yedr2 b
FYTEURE AT, ROS /K- B3 = (P<0.05) H
B TR RS
2.4 ok —RALEE AT AS49 tn R T8 vk

R 1AL, BEE Y Rp R B T, 9ok Mk
fiE 3 AS49 ZH LI FE T 3 O B g o 4K — A A RE
YLE AS49 i 24 . 48 h AN IEIE ToAE B UL 4 N
4R, FATRRZEAR LL, A% Y B 20 Bl 5 G dE vk B 1 T



- 452 - http://jeom.scde.sh.cn:8081  FEEE ML B2 (] Environ Occup Med ) 2017, 34(5)
=, AT TR TR (P<0.05); ER—HRBEM, 30
—3-24h
Y A8 h ZH A A U4 TR B T UL RE 24 h ZH A AR 25| | —=-48h

= 400

300 =
‘rg *
= 200
100
0 ﬂ | 1
0 00

MDA E i ((pmol/g )

SODfG F1 (U/L)

ROSHERCE (%)
S

80

70
60
50
40
30
20
10

0

—0-24h
—8-48h

0 25 50
PEHE (mg/L)

100 200

100 @

80

—0-24h

60

0 25 50
PERRE (mg/l)

100

200

600

—0-24h

—8-48h

500

200
PHFWE (mg/L)

i

—0-24h
-m-48h

0 25 50
PRI (mg/l)

100 200

[ 1. 5 B A B 41 g, P<0.05,
B3 gk —SLaEiE AS49 4R 24, 48h ARE L
VA €=t oml P
R1 YR FILEERT AS49 4HPE 24, 48h FILRBETET-F
(n=3, %)
PeBEE (me/L ) 24h 48h
0 1.07 £0.21 2.20 +£0.20
25 2.80 +0.10* 3.60 + 0.40"
50 6.47 £0.21% 7.63 £0.25%
100 10.27 +0.51% 12.60 +0.11*
200 12.97 + 1.93* 18.50 + 1.14*

[ ]

5 5] B 8] x4 PR 4 LB, P<0.05,

[33
(=)

I TR (%)
S o

W

1l

mg/L )

o

oL

[VE J#: 5 [E B A4 HE, P<0.05,
E4 gk _FIFELT AS49 AR 24, 48h WAATRER

3 g

NI R AEE AS49 21 AR Ry — B ZEAR S G S (4 fili |
RN, S0P sE A BRI R, fERE B RS
FEPAREITZ R, AN S TR R XN
SARURR, 38 A PR AN KA AN BEPERF 5T 12, Lin
ZEIBIRARIESE 15 . 46 nm () A AL Rk X AS49 411 i 1) 2
PEVE, & PRAE 10~100 me/L G RN, A Ab kY
B 48 h 5 A0S S BB RRAL, S - RV R R, A
SEIBIFSE % B2 30 nm S AL RE IR 9 AS49 4i,
1 25~200 mg/L BRI N, Yef 24, 48 h 5 4] & 4
SR 2 Y w1 VAR RIS [B) A 38 TR N, 5 Lin 26 A1)
WFFEEE R —FL

AR 1 I R Aok AR A YL R IS AS49 21 i
MDA | LDH, SOD ., ROS 284k 7K - >F Sz e 4 i 44k
PG FEEE . MDA 2 HUATYEVE bR A th SE a8 vh & 2R
I SR I B 28 ), e S W i A 5 R R 1 4
PRUU1S ) Bt 2 Yl B VR BRI [R] (4 T R, MDA B
BT, AT gk T A AR R R B A i
PEFERERS IG5 AN IR . LDH & M (kRO G, 20 o s
Z UG BRI, A0 AN LDH 3 1 vl s e 4 i
IR 375 1 7 A R A0 R 7 0 AR 1O ARSI D A
LDH & P = RO T 4 oK — S AL X AS549 4 i i 4
TREE, SEHGAE R 25~200 mg/L e E U BN, Jeigd
() LDH 36 M 5 x5 B A HE, 22 38 Gt X (P<
0.05), H.Bfi Yevgufe B At e g s, S B—E 77
- SN R R SODAE M 4 i P 480 A i LT PR
ATHCHUER AL A 5 07, BRI 2 ok — 4 Ak
il 2 AS49 40 P9 ROS iy, & A= S AR 35 7 5
L5 AT T a0k A RE A Y B
u&éﬂiﬂ@ﬂ%ﬁiﬂ‘éiﬁi;’fm%}iﬁ YA ROS (17 4=
5 R e 25 A, R ROS T8 11 480 Ak 20 i v i) i 4



http://jeom.sede.sh.cn:8081  FREE ST P~ (] Environ Occup Med ) 2017, 34(5) + 453 -

FAZIR | N6 5t L SR T R A i) — L EE 22Ty
AE, XA RS B . AR SLIRZE R R, 9k A
TERERENS S [ AS49 4N ROS HIBEAN, Fifids Yeipuk g
Fhim . YBEmAAEK, 2P SOD 1 B g R R (P<
0.05), 7£25~200 mg/L WK FEE I, Ye#5:24 . 48 h 5 1Y
AP T- R AT, SXHIRAM i, Z2Ra50T
2L (P<0.05 ),

Zi Pk, gk AR AR RE AT 51 AS49 20 it 3 5l
WS PET, H5EAMP MDA, SOD . LDH ., ROS 4%
FEPRIOASAL, AR AL REVE R T AS49 4l
AN N K L A R BRSO ROS 35 5 IR i
AR RN, KRR ) A S B el Sk A
SRR, LDH &, Sl i g 5, 5 & 4
Mg T, PEER A EIET, i EAR AL A
friE—B e .

S22 Lk

[ 1 ]Sahu D, Vijayaraghavan R, Kannan G M. Silica nanoparticle
induces oxidative stress and provokes inflammation in human
lung cells[ J ]. J Exp Nanosci, 2015, 10( 13 ): 983-1000.

[ 2 JKimIY, Joachim E, Choi H, et al. Toxicity of silica nanoparticles
depends on size, dose, and cell type[ J ]. Nanomedicine,
2015, 11(6): 1407-1416.

[ 3 IRk, SHETT, BLEEIE, 25 . 400K S0, SHRHE S0, BUR R
SRR RILT ] s e g7l TAE R4S, 2006,
24(2): 116-117.

[ 4 JH#, WA, &—H, 55 9K Si0, 58 B Si0, 43 2b Bl
YA RIS L) ] RSB0, 2004, 18(4):
215-217.

[ 5 ]Kim JE, Kim H, An SS, et al. In vitro cytotoxicity of SiO; or
ZnO nanoparticles with different sizes and surface charges on
U373MG human glioblastoma cells[ J ]. Int J Nanomedicine,
2014, 9(S2): 235-241.

[ 6 ]Gehrke H, Frithmesser A, Pelka J, et al. In vitro toxicity of

amorphous silica nanoparticles in human colon carcinoma cells

[ J ]. Nanotoxicology, 2012, 7(3): 274-293.

[ 7 ] Balakrishnan V, Ab Wab H A, Razak KA, et al. In vitro
evaluation of cytotoxicity of colloidal amorphous silica
nanoparticles designed for drug delivery on human cell lines
[ J ]. J Nanomater, 2013, 2013: 729306.

[ 8 JakHE 5, st ANE AR, 45 . g R AR ANt 93 A e
AN RE PR 22 ST ) AR - AR - AR, 2016, 28(3):
195-199, 204.

[ o Ak, skl R . &) S YAoK AR L2 20 i
Hep G2 21l s PE B R p R £ [ ], PREE SO BE 7,
2016, 33(3): 209-214.

(10 ] 5 BE5R, REWRAK, FEHT. PMos Xt AT A549 41 il iNOS
R S AR FIRLI L ). SRS 0L B, 2016, 33
(5): 433-437.

(1S, Glnter O, XIBEE, 5. 49K Si0, R TRt MHAETS
A A R AL RE T RORGIN B 2 LT ] RO R (B
S0 ), 2009, 35(2): 242-245.

C12]5KHE 53, BE I, FE . 90RBIE S A M 2 Ve A s AL 2k
WEFEHE LT ] AR R 222 (R 52l ), 2015, 34(5):
836-840.

[13]Lin W, Huang Y W, Zhou XD, et al. Toxicity of cerium oxide
nanoparticles in human lung cancer cells[ J ]. Int J Toxicol
2006, 25(6): 451-457.

[ 14 JHeikkild T, Santos HA, Kumar N, et al. Cytotoxicity study of
ordered mesoporous silica MCM-41 and SBA-15 microparticles
on Caco-2 cells[ J ]. Eur J Pharm Biopharm, 2010, 74 (3 ):
483-494.

[15 ]Napierska D, Thomassen L.C, Rabolli V, et al. Size-dependent
cytotoxicity of monodisperse silica nanoparticles in human
endothelial cells[ J ]. Small, 2009, 5(7): 846-853.

[16]Xu Y, Wang N, Yu Y, et al. Exposure to silica nanoparticles
causes reversible damage of the spermatogenic process in mice
[J 1. PLoS One, 2014, 9(7): 101572

(R BEH: 2016-12-21; RABH: 2017-03-21)
(BESCoE: TEUR; i BRI Mok T



