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8) ik44 M| HaCaT 480358 T R Bl JE R B #5242 49 nano-Si0, /& 89 48 B 7& 71, A AnnexinvV-PI 3% ik F= Hoechest33342 4 &, ik & 28 g
ATHERER 2T - LB A3 & 3 AR A 4m i A B R E M AU(ROS) AKF, [ 25 R ] R Bl 4242 89 nano-Si0, %4k % HaCaT #m
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B, B AR E AT, L ROS 49K FALRE & nano-Si0, SRE W K M3 &, AE M AW, mILA &2 f B =25 0N E AN
K AB LA 2 —0.952 F20.898( P <0.01) , [ 25 ] nano-Si0, #5374 HaCaT i A ¥ H TH FH B =, AN LM R A TS
R 2 AR E R T £
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Effects of Silicon Dioxide Nanoparticles on Apoptosis of HaCaT Cells

GONG Chun-mei et al (Shenzhen Center for Chronic Disease Control, Shenzhen, Guangdong 518020)

Abstract [ Objective | To investigate the effects of silicon dioxide nanoparticles (nano-Si0, ) of different particle size (15, 30, 100 nm) and
standard SiO, particles(micro -Si0, ) on proliferation and apoptosis of HaCaT cells. [ Method ] HaCaT cells were treated by 15, 30, 100 nm
nano-Si0, (2.5, 5, 10 wg/ml) particles and micro-Si0, (10 pg/ml) particles for 24 h, at the same time, the solvent control was set. The
level of ROS and the effect of cell growth inhibition were assayed by 2’, 7'-dichlorfluorescein-diacetate ( DCFH-DA) and cell counting kit
(CCK-8) Kit respectively. Apoptosis were assayed by Annexiny -PI double staining and Hoechst 33342 staining method. [ Method | HaCaT
cells were treated by 15, 30, 100 nm nano-Si0, (2.5, 5, 10 wg/ml) particles and micro-SiO, (10 wg/ml) particles for 24 h, at the same
time, the solvent control was set. The level of ROS and the effect of cell growth inhibition were assayed by 2", 7’-dichlorfluorescein-diacetate
(DCFH-DA) and cell counting kit (CCK-8) Kit respectively. Apoptosis were assayed by Annexin v -PI double staining and Hoechest 33342
staining method. [ Result] As observed in the CCK-8 kit, exposure to nano-SiO, nanoparticles for 24 h, the IC;, was 19.4 = 1.3, 27.7 =
1.5 and 35.9 £1.6 pg/ml for 15, 30 and 100 nm SiO, nanoparticles, respectively. Exposure to SiO, nanoparticles results in a concentration-
and size-dependent cytotoxicity and increase in intracellular ROS level and apoptosis rate were also observed in SiO, nanoparticle-exposed
HaCaT cells. Cytotoxicity and apoptosis in cultural HaCaT cells that is closely correlated to increased oxidative stress, the correlation coeffi-
cient was —0.952 and 0. 898 respectively. [ Conclusion] nano-SiO, may affect proliferation and apoptotic rates of HaCaT cells via stimulating
the production of ROS in cells.

Key words Silicon dioxide nanoparticles (nano-SiO, ) ; Proliferation; Apoptosis; ROS
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1.1.1 Rk, HaCaT 40f, W H A [ A 57 359 £ ek
1L snano-Si0, WK (15,30 F1 100 nm) , W [ 470 7 5 35 44
BHA PR 5 Micro-SiO, B34 (14 H 26 [F sigma A H]) ,kide Ry
1~5 wm; 40 HE00 &, 0 A -V R A i 5 s R T
R &, W [ R o L6 2R 9 TR F 5% BT ; DCFH-DA Al
Hoechst33342 11l [ 24 = RAEWAHRA . BRI 0. 25%
[ MEM #5595 3k B RR AN AE TR & LR, 3 H 6
Gibco /2],

1.1.2 {¥#%. BD Calicar JizUZHH4Y, Mg A 3E[E BD /A F;
Bio-tek 4> [ SEARAY, 4 1 56 [ 504 w5 X515 50 i
¥, [ B 48 OLYMPUS /3],

1.2 #0544 HaCal 40MI7E & 10% G4 75 1Y
MEM 5¢ 435 52 5 (ARG 37, R HLml & B2 A 5] 80% i, H
MEM JEAlREFR 50K nano-Si0, 75 R T 1) T4 B 9 1R B, 7
SN TR R AL P nano-Si0, 23k FE AR E BRIl 5.
10,20 .40 50,60 .80 100 pug/ml, [R]As 15 37 35 5 % BR A . T4
5 FH LR I S0 s 0106 (Lactic dehydrogenase , LDH) i i
X6 A1 CCK-8 [RIHHAG N % BR nano-Si0, Xf CCK-8 WE G H 15
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1.3 RaiGsEHIHIEE S AT 96 fLAR (1) HaCaT 41 i 2
T A FERAZAY nano-SiO,/EH] 24 h J5 5 IHA 10 wl CCK-8 ik
R AERE RN IR 2.5 hy FEREFRAY 450 nm i K A0 I 7
M (D) , 2% Ky 630 nm; 3% BRLLT i+ A X534l
JRIHEFE I ] 22 (Inhibition rate, IR) ;IR = [ (¥ 57X R D {H
- bR D E) /(R X B DA - ARJKH D fA) ] x
100%

WA [A] 1 B nano-Si0, X HaCaT 40 J 3858 1% 1 60 52 i
Bt — 00 &R AR IR B2 (50%  concentration of
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1.4.1 Annexinv-PL XU R A I 1=, LIZY 1/3 ~
1/5 1C5,(2.5.5.10 wg/ml) B 5 fe AR B8 W FE I, FH %k g Ak
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A WA A A R S A B )R B, 75 U 28 52 5 R B
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5wl BERRES A8 V( Annexin V)IRS)fE, FIIA S wl filifk
PINE ( Propidium iodide, PI) ,JE2); =R T B S i 5 ~ 15
min;1 h NPEFTREC ARG, 3% B Ry 488 nm; & Gt
WK 8 530 nm, Annexin V # %¢ {0 5¢ )G 3@ +f FITC i 18
(FLL) K ; PT 2T 5 il ik P i (FL3) kil fifi X
YA PASGHEA TG U s A 2B A T G AME T, (AR S8 1175
S AR A T H AN R B PR B R AT SR MEL R S 22 RO
RS MRE TFINAE
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37 CHEEYL A 30 min; FFYL AW, F PBS 2% v il vk 40 it 3
U Ja i LTI T8 7 b, 55 1A 240 JR 1) 55 336
F S S (AN s B, VI R s TRk i
fle T AR 22 A (0 P A A .
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AL, IAGE A8 1 ml 479 DCFH-DA, F37 C
YRR FRAR R 20 ming FH G I TE 4 AR SRR DR T 4 A 3
W, LAFESr BB A HE A AN i) DCFH-DA X Ji A7 2 2
PRETIOAE S T DL FH 2 i i B g%

T AR SRS R R FH SO A0 5 2R . LA
AR 2 BE 121000 11 He 451 FH G 1L 55 7% W B¢ DCFH-
DA, 2R R 10 mol/ L, 78 21 L Wi 45 J5 B 17 T 7 e 4 11
DCFH-DA 1 4k EEH7 1 x 10° ~20 x 10° 4~/ml, 37 C 4ty
FEFAPNIEE 20 min, AR 3 ~5 min BHETRS) 1K, (HERETFIAN
L7, FITC IS MRS SR A i 3 W, LA 73 BR

i ALY DCFH-DA . G Uk I i S 400 & an T -
488 nm ORI A 525 nm P KGR

1.6 HIEGITEAE A Excel HAEEIRE, L v +5
F7R IV SPSS 16. 0 GE T4 25 6 b i 10 it 2047
ANOVA 43, 85 3 K.

2 ERE5HH

2.1 ARETEAIGIEES AR 1 AT LA 15 .30 1100 nm
Si0, YRl 24 h J5 , BE YL BE R S G N, 3 FiokiAE nano-
Si0, X ANAL TS J1 AP /R 2 a8 . 8 SPSS 16. 0 #1f4:
Xof AR A AR B B A TR A B A O T TR R
[F%74% (15 .30 #1 100 nm) nano-SiO, X} HaCaT 48] ICy, 43
FA(19.4£1.3) (27.7£1.4)F1(35.9 £1.6) ug/ml, 7EA
[Fl57)4 NSRRI 42 nano-Si0, 4 FRZH 40 TG T ETE 2 5.
AR E RS /N, 0 A0S D AR, SR 10
pg/mifEH nano-Si0, AR, - 4H2.5.5 F1 10
pg/ml 3 AR SR LRIk B, TR FH AN K 4 A e e d
J¥ 10 pg/ml 14 Micro-SiO, 21 A FREEHE I, WREE YL 75 240
BRI FERRI 2K

120

W15 m
100 St o =30 nm
_ 0100 nm
= 80 &
®
s 60
%}
K40 $ . .
*®
20 WEm srs o0, ¢
| * Ex
0

AR5 10 20 40 50 60 80 100
nano-Si0RE 1l pg/ml

i FoRGW A2 7 3 (P <0.05) ; $ Rm 5 30 nm [6) 5] &
SbPRLE 2 5 8.3 (P <0.05) ; & KR 5 100 nm [7] 7] &t b #1240
2 BEP<0.05),

E1 AREHRFZFARERE nano-Si0, 3 HaCaT HZH ] i 2=
2.2 HRBATHM  EH] Anexin V-PL XU A 4 72
KR, SR REALAR G W BE 5 110 pg/ml () 1530 #1100
nm Si0, ZH ) 240 i 4 T2 4 B3 4 (P < 0. 05) , Ty FLFfi %
nano Si0, —RiAZIIB/N, T2 FA I B H . 3 RO Rk
12 nano-SiO, ¥JREAR[RIFE 5T HaCaT QAT 5 Mi-
cro-Si0, A, 15 nm nano-Si0, 2.5.5 F1 10 pg/ml )& 2H
YIHERH A% AT (P <0.05) ; ok A RIHI & T A Gk
219 3 B nano-Si0, 512 1Y 4 ML I T2 3R A7 AE 22 5, Horpokige
415 nm (Y nano-SiO, Firs M40 IR T- % k42 30 A1 100
nm [ nano-Si0, ¥ RFEH (P <0.05) , LEAAR 2557 &
T, nano-SiO, KAz AN, 175 T 00 40 i I T AR A R (1 2A &
3). [FIBT4HMIEH f5 , ] Hochest33342 YL a5 1 ik — 4%
&, Hochest33342 Yuff J5 , 1E 5 41 MIA% Y iU s (Ll 55 5 5, £
P LA — , nano-Si0, AbFRZH ] ULAZ R YL ([E 45 HhAE S
GOA G BRI T/IMATE L (18] 2B) o
2.3 faRiEMESE(ROS)BHZKE MK 3 0l LIAH, SHEH
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**{’Jr 6
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g 4 . - .
L2
o .7
o LI
oy 25 pg/ml 5 pg/ml 10 pg/ml
o ox RN XTI 2 5 3 (P <0.05) s #3R /s AL 4 5 Micro-

Si0, A2 5 W3 (P <0.05) 5 $ 5 30 nm [F] 51 G4k 2 4H 22
FFE (P <0.05) ;& Fn 5 100 nm [F] 7] G AL L 22 57 1 3
(P<0.05),
B3 AE#I12 nano-SiO, X HaCaT ZBAELAT-#IS0

X RRLA AR FE, 15,30 1 100 nm SiO, YeRE4L 24 h )5, 4k
92.5.5.10 pg/ml B}, Bl B 0 FH 5, A PN P AEKSF
BIFheEs AR R - R0 6 F& (P <0.05) 5 78 [7) 45 57 i 251
T KiAR A 15 nm 417 ROS & K P fe
2.4 HEFMESH T H— LR nano-Si0, 5] AL 4 A
TR N RN T & A i T BRI DL X6l 200 M 174 A7 3% S5 L
TR 5 A0 P TS SR R KO R T T A DG BT, 25 SR e B 4
JHLA 175 25 AR FR U ] 1 S50 B 55 A T R SRR A AR R AR
K (r 4350 —0.952 F10.898,P <0.01) ., X nano-
Si0, X HaCaT 4 i 433 15 %000 1 & £E AT RE 55 1 P4 19 305 2 4R
B
R

nano-SiO, #¢)VZ N FH T AEY B 25 TR AR Aot it 55
B, U AR ) = 254008, A AT TR A AL 2 B S B, {2
L AR 77 27 A A= oy B A AL AT 4R JE 12 W
o Pk, nano-Si0, HYEY) L AMENIFE A2 KTE . nano-Si0,

XTI R TR A FE VP IGE B R ST, B, 2B
K HaCaT it 5 8% T A [EPRi A2 KA [E) 3 B Y nano-SiO, ¥
W3R nano-Si0, FEFEXT HaCaT 21 458 M 20 B 08 12 19 5%
M 2 H5 ROS (2GR, A nano-Si0, B ik 2 88 (1) 42 2 PP
FEHE TR

YRR AR R DR AR Ath — ) AR Y A
(R BEAEXT A RAA Bk i 4T 5 BRI 5 10 B SE 20 o i R 4 oK
RIS o BT, R bR 2 2 FH D IE AR 5 B R A2 A
TR 2, Horb i W UG R XTI S SOk A i
TSR f ol % AT B iR 22— 9kp Rkl T8
TR BN FN R E 5K B KSR 2 R AR R
B SRR RER AR (4 D R A E A K bR
TEAR KA FRIAMEM AR, B, 78 0 R A i, 44k
PR FE 3 3 0% S ZE R4, 305 SR AR 40 B A
ST )M BT R L 3 3 O BT A A 2 43R
RT3 2RSS T Y nano-Si0, J& L 28 4T
) 20 mg/ml JFI , Micro-SiO, My 2 i FH 2\ ml S 4 %5 70 i
FEAMBRE o RIS T A KPR FAF LS W E R

YA AT ( Apoptosis ) J2 4 I 7F — 2 1 A B i B
T 5 | A — b A2 DR 8 45 9 A FE BT . Annexin-
V/PU XL AT LA ] B X233 200 e S W $03 080 T 400 i e 9 47
T 40 M PRI 240 i 5 L A5 B Annexin-V A] i B i
BRI B AR e 22 2 R X A A0 R T Y B B ARE
ROS J&A M A7) 5l 48 i A7 4l il ad A b = A i A
RS IEPE R & S A 0 BAR, SR A g Ak
MBI 3L, Kol fE R EHESS5ESHR, B2
PR A 2280 o (H I S 25 R AR S MR R R 5 R Y
ROS i AR TE BREE ST, ) 25 304 A 9 ) — 22 A ) K
5 F (BRI R BT DNA 58) 32 241455, ROS Al HEER T
SEER Y IR LTI X 2 B R A T B M, S A B 1
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SRR 92 3k, T S 40 T2 9 & A2 Macho
A eI M R AN P TR b o B, S T A0 B

2.5 ug/ml

5 pg/ml 10 pg/ml
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i,: I Micro Si0,
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50
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I NADPH "R, 7 A= Kl e B B 5 F i gk

2.5 pg/ml 5 pg/ml 10 _pg/ml
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STRE 2.5 pg/ml Si0,

AL ANTOLHT; B. AR ; C. iU i

5 ug/ul Si0, 10 pg/ml SI0,

M = BRI S X IR 25 5 B 2E (P <0.05) s #30R AL A 1 Micro-Si0, HZER R (P

<0.05) ; $ /55 30 nm [R]FI AL 25 57 B (P <0.05) ;& F7R5 100 nm [R5 EEAA A 22 5 % (P <0.05) ,
B4 REHZEE SO, 3R ROS 74 f 240
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FHAT %
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T A IR TR SN ROS K- IARSEE ; B. Si0, 280 A A7 % AR 5N ROS ACE AR o
B S nano-SiO, & FMMAMTFERFFTES5MA ROS KFEHHEX M

ZFIE s R R, 45158 4 nano-Si0, A 5] i HaCaT
MR, SX A 22 R 2 (P <0.05)52.5.5.10 png/ml
ZH Bt A FH e B T v 20 M R TR A B T A I 10
g/ mlik B 5 i , [7] B AH [F] Y BE (Y nano-Si0, 2 8 i, A [F] kL
FEIGUR BRI TR WA AE B E 22 5 (P <0.05) ,15 nm
Si0, [PHT- IR, Micro-Si0, 4LHLA%, B4 BHoTIE
SEFRHERIE AT AR IORE P A5 W 200 ML 1, A T Rkt
HEZH B S 15, O EL O T R B S R O, 5 i 2
SHAH—F, A nano-SiO, F Micro-SiO, Z=5% HaCaT 4 il)5
PR KA, XTI P A ROS K SFBEA ARG , 4% SR 2 1

P ROS [7K~F-5 HaCaT 4 08 T2 1 A B — 3%
P (r=0.898,P <0.05) ; [AlAf A ELAEP ROS (7K -5 HaCaT
ML AAF R R A (r = -0.959,P <0.05) , IL45RS
Nabeshil (58455 40—, nano-Si0, i F:1Y) DNA 451475 K I
TSP AR TR PR T o DA P AR KT AR
FT-R R AR, ROS AT 5 T SR A AR — 2k,
P ROS £ nano-Si0, £ HaCaT # il g4 7= K35 T B %
1EH
ROS 2GR 4 AT E AP . ROS W A4 {5
(F4:% 4876 )
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