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Toxic effect of TiO, nanoparticles against human lung cancer cell line A549
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[Abstract] Objective To investigate the toxic affects of 25 nm TiO, nanoparticles in anatase crystal against human lung
cancer cell line A549 after different exposure periods. Methods

suspension for 1 h, 4 h, 8 h and 24 h at 37°C and 5% CO,. Then the damage degrees of cell membrane caused by TiO,

A549 cells were incubated with 100 pg/ml TiO, nanoparticle

nanoparticle were assessed by LDH assay. ATP assay was used to evaluate the influence of TiO, nanoparticle on mitochondria.
SOD activity test was used to detect the oxidative damage of the cells caused by TiO, nanoparticles. The cellular ultrastructure
changes of A549 cells were observed by transmission electron microscopy. CCK-8 assay was performed to evaluate the viability
of TiO,-treated cells after 1 h, 4 h, 8 h and 24 h exposure. Results With the prolongation of exposure time, the activity of
extracellular LDH was increased and that of SOD was decreased; the concentration of intracellular ATP was reduced and the
survival rate of cells was significantly decreased (P <C0. 05). The mitochondria and endoplasmic reticulum were swollen and
expanded to different degrees. Conclusion Ti(, nanoparticles can result in oxidative damage and inhibit the growth of A549
cells, and the effects are in a time-dependent manner.
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AATE Tz e, LR RAR N 25 nm 2 A B9 TiO:.
SOUR L 38 Ao PP IR A AR S 24 50 % 8 A e S T
FRAE o0 ™ 2 )5 A 45 5 35 il 3 21 2 1) 40 i fEE
AR G0, 40K JBORL e Il 8 DT AR, v] BB 51 ™ 5 1Y)
B A 3 A T A Ak S AR I B M S e g
SELCOT L b A BE B E AN M R, B L an e
W15 S Tk R A R A K S S A
-1, Bk, B RTS8k TiO, SRR 2 £
TERE W B RE AR K 25 nm 22 4K Ti0, |,

JEK TiO, WY 30N A R By AH 3¢
B HPFFRIE R BN A LYK TiO, X AW
S 2 A5 EL A WY 4 B (RDARO P L R A 1 i — 2D R
B, P, ARSZEG Y 25 nm BLAKE A TiO, POk
RS R, LLZR By B 3R B A InAE A
JERI i R S AS49 A0 HREY S BF ST X B L R 25 nm
BLAKW B Ti0O, UL S8 1E 6 B 8] 8500, Sk 44 K
TiO, bR % 4l F R AL 52 50 4K 4

1 MBI E

1.1 E2MB XA AME AS49 40 T 5
R v [ R R SR AR TP G5 25 nm BB A
TiO, PRI F Sigma /A & ; MEM 8% 3% % F 35 45
AR 25 HR A BR AN w5 B A /N AR I W T bR A
A A A BR A W) 5 A I T DG A
A B A 5 il 3% b TR T S B i ik $2 42 s LDH
o3 ) 5 0 T b N S S R R 2 R R A IR A ED
ATP a5 650 T 38 = KA W R 5% i s CCK-
8 ) & W T 55 = R AR W BRI G 5 Hds i A AN
B LU 7R AR A R (4S5 KQ-300DB) ; # 1
A AL AR Leica 28 /) 7= 5 (B15 UC-6) ;15 5 H
T BB A H A Hitachi 24 7= fh (B4 H-7650) ;
it 6 G0 5 A6 I A A Bio-Rad 2% &) 72 fh (B 5 Model
500) ; Z I EEMEFR X A Biotech 2 ] 7= i (H 5 Syn-
ergy2) .

1.2 A549 miaey 4 FHE 10 %08 A /A T 1)
MEM ¥ 5% 3, 78 37°C .5 % CO, 14 20 M Ks 5% 46 b s
F& AS49 4L, FRAIffLA K B2y 70% 0, H 0. 25%
JREE S L SR JE B R T E AR N 10 em ORGSR LA, 1%
20 M A= K RO A AT S

1.3 #k TiO, Hik L A549 i L3z Btk
Ay ok TiO, Pk, 120°C SR K E 2 h J5. B AR
1 mg/mlfBEWE &R B R B ATE Ty 300 W,
25°CHIZ M T A 10 min, B2 3 W, R )5 HI
1ML B MEM 40 i 35 77 WBC i 4 W6 224 100 pg/ml
YK TiO, PORL B W, ¥ Hm A B F b 5
A549 HIMAE 37°C 4 M 1% 5= 48 h L0 7 L 0 & i ) 4y

0 1 ho4 ho8 h A1 24 b LA NG K J0RL 4 20 i
POl

1.4 fmReE4ids a9 m SR LDH B vk A 4
JL ARG 05 . B AL T X R A KBTS AS49 4 Rl T
96 FL1x 77 A L o5 20 M WG BE A K S L R LI 100l
ZWRIE N 100 pg/ml BIEHK TiO, Pk K 5 A549
ML 37°C MG IR 4 M LB FE 1 ho4 h.8 h
A1 24 by DU 49 K 0087 0 40 16k %o IR, 15 9% 0 2
) B T S e R TR0 6 1 150 BH AT B A L Il A A HE
490 nm A AL I 5E 6% BE (D) E, D E 8K, 20 il i
45 ™

1.5 &AM aen R ATP ¥ BRI %ok
R kL A i 4 T 00 . FF AS49 4 if AR K 2 XK
AR R R T 6 FL G IR AP 40 i O R R K
Ja AL 2 ml ¥R EE R 100 pg/ml B HLER T A
gk TiO, Pk B TFI S A549 N AE 37°C 40 fifd 5
FEA SR 1 ho4 ho8 h Fl 24 h, URINg K it
R A Ak B B IR E RIS L # BEATP £
IR & d W HEAT 24 i 1] Biotech 22 2 BE Al A5 AY
POESE STX IR il

1.6 AAADEAHE (SOD)F At thnl  RHA
Wi PUme (NBT) i 2 K I 9 75 5 A549 ZH LN SOD
B3 s B T R L U B SOD W PR, R =2
M, F AS49 20 M A K 2 X BRI R i
FPF 6 FLANM KT IR0 b, 4 i 0 e A K L AL 35
A 2 ml #HER 100 pg/ml B BLERE BL40 K TiO,
REIF IS AS49 ANEAE 37°C 40 M1 3R A oh 4 8
7% 1 ho4 h.8 h Al 24 h, LAASTINGN K UKL (14 41 i g X
HR 55 FR RLE I R) 05, R D AN 22 Sk i 2L Ak A
A°C B0 UL WS E A IR L 4R 4 BR 3R] 6 1
PEATERAE B AR AAE 560 nm &b a2 Y6 2% A
1.7 mRaAmEmIE Y EN AS49 4HH
FH 0.1 mol/L PBS % 3 .98 FH 0. 25 %% [ 7
RIS I 4% Z R W 4C e R, e K
A549 21 L B .0 3% [ E WL 0. 1 mol/L PBS U 3
WL ARR 15 min, B o A MK B O L 57 B3, f A
396 I A AN B R B, 4°C ik R, B BEH S B 40
YIAE 1 mm® (/N EL, B 0.1 mol/L PBS 78405 4k
IR E 2 h 5 BB B R K RS L P
REEYE Y] 5 LY Fr . 48 I R - A% R N Y 8
Joi » T 25 S BT UL 40 R el 25 4

1.8 @mpafiERagtn  RA CCK-8 24 M 4L 5
J& AS49 4 Y A7 I R T A B0 S5 4S9 D
ERIE e, X8 KA A549 4 0. 25 % i il
THALE . MEM 55 3% W C 1) 4 A 25 0, ] 3% 240 o %5
FE R 510" /ml #EFhF 96 fLH, 37°C 18 15 K5 7% = X}
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BB AT 29, % B2 R AL N A 100 ] Y T 1LV
MEM 532, SE B A B L INA 100 pl BB 100
pg/ml FBLERE Ik TiO, Ok B 77 W, 4 9 85 7%
1 h.4h.8h 24 hFMA CCK-8 ¥ 10 pul/fL, 4k
Zehi 9% 1 h Ja B AR ACAE 490 nm 4B & & LY D
B, TR I 352 B 2 L (% % W CCK-8 ¥4 W) X iR
FL AR B FR I CCK-8 D » Bl B 5 MR AL,
1.9 itz RHA K5 MR R Oy 225047
Xof S BOHE HE AT e v A B KB 7K HE (o) R 0. 05,

2 & B

2.1 Hiskm A sk TiO, B L L oiF MEM ¥
SHCRA 25 nm BEEKHT R TIO. PR 7E X 1L 3
MEM 8 8 75 43 8 e, 5 /iR 00 R 45 (1),
25 nm TiO FORL A LR T R 200 m* /g, a0t K1Y
R MG AR LD RERAR, Hik,. RRE
TiO, Fkr 7 5z B A A, DA IR L R 19 4 HOIR &5
[ 6, 323 B A T B BURE 1 S (ROS) Y = 2B
S A P A — S R

500 nm

B 1 ST BEMK TiO, B
F M iE MEM H 4> BUR &
Fig 1 TEM image of the anatase TiO, NPs
dispersed in serum-free MEM

Bar=500 nm

2.2 BLARF B YR TIO, BT @it Hom  F
i 1 St (LD H ) A2 M 5T 04 b 25 1 . 40 6 1E 5 B AN fig
B FUA o M P 32 0 S A B ORE L Al B A U
LDH ¥ P Sz e 4 Jf 5 03 1) 8 50Uk 45 #r . LDH
SEuR A A5 R (B 2A) KB B E 940K TiO, 1E B
(] A9 2, 0 AT Y D A 2 3 3 K 2 BH 40 i A
LDH M6 M2 W It . BB i, Bl & 48 K TiO,
A T Bt 1] 4 3 L X A549 4 i R %) 45 47 4R B 140
LN

2.3 B R MK TIO, B EERGHw &
LA J2 20 L P9 R e L 9 3 0 T, BE R LA 4R

A AT BT B K ATP, ATP K1Y F B 2% B
ALK B DI REAZ BB T B, X4 S 4 AS49 4 i
HOATP ¥R BE BRI 45 1 o, B & 94 K TiO. 1EH
Bf ) A S K ATP vk B2 B M R AIK (81 2B)

2.4 ALtkm A TiO, Bk st SOD % A6 %
) SODIE A7 1 #6045 3 Wow (B 20) . bl 5 90 0k
TiO. /ER B A IE K, SOD 76 12 Wi Ak, kit
WYL 400Kk TiO. FUKLAE 8% 5 30 A549 20 i 1Y 4 Ak 5t
i, BB 982k TiO. 1 F A ) ) 4iE 4, i 20 B 9 48
PR A8 403 3% 5 fn JR
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Fig 2 The effect of TiO, nanoparticles
on A549 cells after different treatment periods
A; Damage of cell membrane detected by LDH colorimetric assay; B:
Effect of TiO; nanoparticles on ATP production at different incuba-
tion time points; C: Effect of TiO; nanoparticles on SOD activity at
different incubation time points; D: Survival rate of A549 cells after
treatment with TiO; nanoparticles for different periods. * P <C

0.05,** P<C0.01 vs control group; n=5, x=+ts
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2.5 ALk mH A TIO, M w8 KL M H
v A[EAEFEE R 25 nm BLEK# A TiO, Pk xF
A549 Y I A5 A8 7 T TEM B an &l 3 iR .
X BT AS49 20 P A5 o8 L A0 M R T A K i R
L A L PR ZORE A R U M AT L (B 3A) . &
25 nmBLEKH AL TiO, WORAEM 1 h J5, A549 4 i ff
RGOk TiO. PR ZE , W H TiO, 40K il
L 3 AT T A B BT v 3 3 TR T IR A B AR R
B2 B I ik 4TS AT DL /b g 0L /D g 8 T 5K (] 3B

28 25 nm BUEKT R TiO, PURAER 4 h J5 . 5 W B
SRR L EB A R R AT UL A R OK THO, UKL (K]
3C) ;£ 25 nm BUEKA Y TiO, Poki/ERS h )5, b &
K TiO, FORLHE AR 73 LKA, 2R 4 i ik , 0 %
PSR ™ E (K 3D) ;4 25 nm BLEKA Y TiO, Pk
YEH 24 b J5 8 2 0 WA b a] LR & 40K TiO. M
AL 240 e I T 2 AR R Y IR S5 4 A S R
2 AYEEA (K 3E) .,

3 AEEAMET 25 nm ST B TiO, BT AS49 4B M A& WA
Fig 3 TEM image of A549 cells after exposure to TiO, nanoparticles for different time periods
A In control group,cells were with intergraded shape and abundant mitochondia; the cristae was distinct(Bar=2 pm). B: In 1 h group, TiO;
nanoparticles were wrapped by cell pseudopia( # ); the mitochondria( M) was a little dilated with some endoplasmic reticulum(En) stretched
(Bar=1 pm). C: In 4 h group, the endoplasmic reticulum(En) stretched obviously and a small amount of TiO: nanoparticles entered into lyso-
some(Ly) (Bar=1 pm); D: In 8 h group, the crista of mitochondria(M) dissolved severely,the endoplasmic reticulum(En) stretched obviously

(Bar=1 pm);E: In 24 h group, a large number of TiO; nanoparticles entered into lysosome(Ly) , and higher electron density materials appeared

in cells in bulk(Bar=1 pm)

2.6 ALekm A TiO, B x4 % £ 8 %k
CCK-8 L4553 (H 2D) o . Bl 94K TiO, Pk
VB P B[R]0 2 4, 200 B A7 15 R MR AIK . 24 25 nm
BLEK® A TiO, BWORAEH 24 hJ5 . A549 20 M Y 77 7
RFEHR 0. 54,

3 W i

Bt & 40K TiO, WOk Tl i 7 Akl i &
sl S5 AT Tz N B AR A RN A H T A2 #
vl BUEKE BN K TiO, POk B A m bt 5
DA Bl A2 E A AN 55 400 6 A 1 ST 400 45 4 Can
S AN 3 NN R Dl o (B B N TR O
L P T 5 A 3 B A L S R A M g T, AR
SEEY DL ASA9 AN M A BIF 5T X G2 L R 35 Bt 2 AR I )
FIFER .25 nm BiEKH AL TiO, TR XT 240 i B 38 35
P 2R R D RE L 40 A8 Bl 45 A L 20 B A S SR AR O T
SR AN

21 2 43 o 44T i PN A £ g B R L FL S A M
XFF YRR AN IE H A BT RE A EEEHT, 4k
TiO, FIURLXT 20 M (1 52 ) 5 5 2 I 28 40 i I 4
M), ASEE h LDH A5 I 25 5 3% BT F & 99 K Ti0,
A R ] 0% 2 4, 20 MRS 0 453 00 R RE R 48 ok

TiO, $kz W B 75 20 B B 1 A 2 4201k 4 AR 40 i B 1Y
B4y U RN (S S AN R 4 A A7 ok
25 T SN L DT KT 20 0 A A T R AR SR
CCK-8 SZI 4 AL IESE T 40 A7 15 R 2 &
TR

YK TiO, FFORLK 140 M i DL S ol 3 5 i
J5 A HE A L DT T RE S S04 v i) 20 g R
— SO A5 PR AR A, e SR 2R A 10 AR AR X 4 i
BATE BN, SRR A 40 i N R i B N 1 3h
FITT T RAUE B BT 67 1 K& ATP Y 32 2ok
AT L 40 M 31T AR AR R e e R Y
B EIEH AR T, RAH 2% ~30% B E B
LT R L A% 3 B b Ul R A H A DR R R B
TG AR A AR AT, B, T DL
LRMAIERN ROS M EEORIEZ —, AWFI5EHHE
BEWLEE W] AL Aok TiO, FURLHE A 40 L 5 L Bl 2 B [
HIHERS . 2 hr 1R 11 I 320 37 T 2R L 5 & o B A i Ak
ATP 6 0 52 56 % B . B 91K TiO, UKL AE HT ) [H]
HYREC , 20 ML P9 ATP A9V B2 32 M T [, Fh I 3R ] 26
KRR IR 2 B 1, Zekifk — B 410, i 1%
EE R TE MR R S AR 2 ROSTY, (41 il
FA) AL AR R T 38, DT 4 5 380400 e ) S AR A 3
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AHEFE3E 5 SOD 1 7 K i 52 56 % & U 4 3¢ )5
R Y S AR 1 1 O L 45 2R R L BE R 410K THO. R
FHE AP ZE K, SOD % J1 B Wik IK . SOD 1E i i &
PEAEC ) FR R R ) A AR 2 A0 M P — b B A i
ARG, T DR S e KO A B L LR I —
FRRE b 7N IEPE A B R RR R VE BRI T, SRR
SOD [#)3& J1 % 35 A% T %5 B 4L, 38 B B & 98 K TiO.
VEHT s [] A 42 4, 4 AR B W] BB A2 1] 1 4 H e AR Y
B0, e A A A i Ll SOD W BR & H 3L g h
FEAK . AULIESE T 402K TiO, POk 5|k /) S 4k 3
AT BB 0K UKL 7= A A R R E B R 2 —

25 LTI Bl A R B TR 3G 0, Bk T R 4 ok
TiO, FUkL B8 3 20 A549 40 M8 45 4 & A ol s, 4
JI60 BB 14 38 375 1 3 0 L R AR D) R T R L L A0 i AR
KHEL Y ROS, 38 B4 L4 A6 53 3 . DT -5 5020 B A7
TERT R, BB B YK TiO, JUR X 40 i 1Y 52
M) 7 7 B[] 45
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