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Abstract: This study investigated and compared the toxic effects in human lung adenocarcinoma cells A549 induced by automobile exhaust particulates
with different sizes. Automobile exhaust particulates were captured by MOUDI according to their sizes. A549 cells were treated with automobile exhaust
particulates with different sizes for 48 h at 0, 50, 100, 200 and 400 pg-mL ™", respectively. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was performed to detect cell viability rate, and LDH releasing was used to examine the change of cytomembrane integrity. The
alteration of intracellular super oxide dismutase (SOD) and malondialdehyde (MDA) were determined by SOD kit and MDA kit, respectively. Results
showed that at the concentration of 50 wg-mL ™!, there were no significant differences of the cell viability from either the two exposed groups or the control

groups (p <0.05) ; Compared with the control group, the cell viability significantly decreased with a dose — dependent manner from 100 pg-mL ™! to
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400 pg-mL~" (p <0.05); PM 15, oo Were more effective in inhibiting cell viability, in damaging cytomembrane integrity, and in ascending the level

of intracellular SOD than PM, o, _5 59, with PM 56, oo showing the strongest toxicity. Compared with the control group, the level of intracellular MDA

increased in each group exposed to automobile exhaust particulates with different sizes (p <0.05). The level of intracellular MDA in the PM; 55, oo

reached a peak, and there was no significant difference among any other groups exposed to automobile exhaust particulates with different sizes. Therefore,

automobile exhaust particulates could inhibit the proliferation of A549 cells, damage the integrity of the cell membrane, cause cellular oxidative stress,

and lead to the membrane lipid peroxidation injury. The adverse effects of particulate matters of different sizes on A549 cells were different, with the

toxicity of PM |5 oo stronger than that of PM; (3 5o and the toxicity of PM; 55 _, ¢ stronger than that of PM; 14 ¢ s6-

Keywords: automobile exhaust particulates; particle size; A549; cytotoxicity

1 3|5 (Introduction)

Bl T R4S PR AT B Y PR G I VR 4 R AU
R KA BURLY) (PM,, ) 1Y FE 2RI Z —.
[ g S B AT A P £ 25 T, P, . 55
NIEBIR ) 9 R BT %% YT A 5 (Ostro et al.
2006; Cakmak et al. , 2009 ), F % X} FF W & 45
(Skrzypek et al. , 2013 ) Fl.0x Il 45 R 48 & W0
(Miller et al. ,2007) , A5 %MK | FEAR MG DI 6E . 51
KW B 98 5E ( Mehta et al. , 2013 ) | 2% K ( Parker
et al. ,2009) Oy K JE B PR 90 IERS ( Pope
et al. ,2011). JLAN, i8] B R ML RS (Li et al.
2011;Ma et al. ,2009) . %% R 5t ( De Haar et al. |
2006) , fEfH I AE & A= (Parent et al. ,2013).

SRR R UL ) 5 | B 453 0 A DI AL )
ATSANTERE . & T UKL Wy i 2 14 19 A AL, 20 17K
- M b R 20 B R ORL ) e R T AR Y T 2
1z — Ay 1Y B2 20 (ATID) A bR i+
N, A7 1S FE R S BE 7, R DR AR Il Zh B AN W 5k
b E W AMNF £ 244 (Shang et al. ,2013; Danielsen
et al. , 2011 ; Gualtieri et al. , 2009; Billet et al. ,
2007a) i@ i ARG TE B AT ATILFFEFIR ALY A549
2 MR AT 5T UL o P W 22 8 0 2 3R T A T
AN

A RRLY XE AS49 4 i 7 AR T BF 5T, 3
F TR RAIORL YT 5, HORLFE 53 90 AL AR LA
PM, 5 .PM,, 2K 43 %% ( Billet et al. ,2008b; Sanchez-
Perez et al. ,2009) . AW 5% & 3 T4 BN Y
Xt A549 i i3 PR AR AT, FIH MOUDT M 0. 18 ~
3.20 wm SFPAHRA DR 1 B SEUR ) , MASTA]
(AR BR A7 JBE 0T ek — R A% 9% 1) A B 2 M R AT 4R A
A ASBIETERT ISR R 14 175 G B 16 S 23 AR 114 fit
B B IURA B A B 3 SRR 5 3 3 IR X
VAR Bz DL 90C0RE 1) A ) w5 PR AR 45 5 2Lt
FEM KA AR

2 ##l5 A% (Materials and methods)

2.1 AERAHEMWXE

RERABRY L KR E 5 EhLHE
S 6 % 3 o S L Y ) OB i 2R AR 2§ MOUDT
SYAtiER , MOUDI I B K 140 8, s g
FIFE HAR S M 0,18 .0.32.0.56,1.00.1. 80,
3.20.5.60.10.00 pm. A R & sFLHERLL 30
L-min "' AR B S 0E A oh i 2%, 2R VAR R 2
43 g I 8 b o A BUER A (D47 mm, MSP A ) fiF
Ak, B 1N & SHLLE 3000 r-min ' HE 3 100% 7
fif TOLR  SRAEMS R 3900 8 12 15 F1 18 min I £-6E
TG AR T A b A ARIR L AR 1 RT LR
FESF MOUDI H A #8471 8 2 M, SRAE S o R
BORATERE. [R]EE AT UL S HR 43 e AUBURE B 1 AR AR A
FE1.0 pm LAF RIARTE 5. 60 wm LA b 1 00K: 9 13
P H AR

40%
012 min

E15 min
B8 18 min

30% -

=
18 20%
<

10% [~

o Lk : Ll . | FF3 | e |
0.18~0.32 0.32~0.56 0.56~1.0 1.0~1.8 18~32 3.2~56
HLAZZR /um

El1 MOUDI R##83R &K B S B &2 BB AT &
45
Fig. 1 Percentage of exhaust particles with sizes collected by the
MOUDI

2.2 RAFRA A E

VA TR 1) R RS BT BN R B AGRAE InA
R aok 2t AR AR 1R S AR 5341 4 °C 120000 1+ min ™' 2%
PR G 20 min, 7 EIE, 0K K 5B S TR ES
O, HE 3 ~4 WG UEW B R R TR 72 h [HEFR
i, Pl MILLI-Q 7K 145 B 10 mg-mL ™" B4R 6% &
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R ARIRAR TR R SURLYRT A549 20 M B4R T 1) LA

3409

W, AR VK AR PRAF. AT S R KT 75 IR TR 2.
2.3 mMFEF

A549 il g { h RS AR, H T 10%
B4 I (35 E GIBCO A 7)) i RPMI 1640 55 3735
( 5[ GIBCO A7) ,7E 5% CO, 37 °C AT Y
YRR FR46 (152 HERAEUS 24 #)) NEE 5.

2.4 wlFIER W E

YRRAEIE S MTT R0 . 15 40 M 5
K F 80% ~90% i BIEARKE 7%, H 0. 25% I 2R 11
it} (35 [F GIBCO 2~ w)) TH Ak, Wl #& 20 it 25 i &2 1 x
10° A~ -mL™", 50T 96 FLE5 I 4, B L 200 pl.,
24 h JEIMAZHE 53514 0,50 100 200 400 pg-mlL ™'
B JIURE ) TR B, BNV BE R 8 A FATRE IR A
fL,48 h J5 AT MTT # BAE. R AR (35 E Bio-
Tek 23 7)) Kl ZE 560 nm K AL B WG B
2.5 LDH.SOD % MDA #

B A K40, 218 5 x 10° 4> - L 5%
FEEAN T 6 FLET IR, H R IR 24 h 5 T ALK EE
H 100 g mL ™" B AS [a] b 42 95 4 B AR 1 TR &
W, B 6 M FATEE, Y 48 h 5, I RE 57
I WEEAT LDH % 77 (R A ) DU A2 RIPA 244
W (K ) 2440, I 2 SOD 1% 77 (R 3 A )
K MDA (P 5L ) 2 &, BCA ¥ ( 35 [H Piece A T])

5 102% 50 pg-mL™!
= 100%
N‘V 0
i3
= 98%
=
% 96%
94%
XFHR 0.18~0.32 0.32~0.56 0.56~1.00 1.00~1.80 1.80~3.20
Fif2 /um
120% 200 pg-mL™!
3100%

*
a
*3 N

XPHE 0.18~0.32 0.32~0.56 0.56~1.00 1.00~1.80 1.80~3.20
if% /um

M2 RERETS BRERSIENAERSASAMMEEE (=8,

S p<0.05, FF)

DUEE v B DAL 45 A 2y A 2t e 10 A 3 1464 7
2.6 ZitaAr

i SPSS16. 0 A AT GE 1t 24 43 B, Bk
s LI « FRifE2E (2 + S) e, 41 18] H B SR ] 3
R 224007, P Fb 38 SNK 75, L p <0.05
RGN

3 Z5E (Results)

BB A % BB AR A 4a L E M B
ANFEYLEWRE T 5 Fikift(0.18 ~0.32.0.32 ~
0.56.0.56 ~1.00.1.00 ~1.80.1.80 ~3.20 pum) 4%
ERAFURL Y RT A549 20 M5 T B s e dn [ 2
. FH AT AR YR BE (50 pg - mL ") B 45 4 43 e 3
2H 550 R ZH 2 ] 45 R A% e 75 4 A 1 2 [R) 1) 40 YO A7
TREFSREE (p>0.05) ; P T N 100 ~
400 pg-mL "B, ST AR AR EL , AR AR ORI 34 L)
FE AR A Y 7 2 5] 40 AR s R RRR (p <
0. 05 ) . £ 12 WUk 4 Yo 75 21 [B) A . LA, A0 I A7 3%
$7"7 PM0456~1400 éﬂ%ﬁ& ’ PMO. 18~0.32 PM0432~0A56 éﬂ‘{k
Z’ PMI.()()~1.8U\ PM].SO~3.2() gﬂ i?i %, PM().18~().32 _I_j
PN[O,SZ~0,562EAZI‘ETJ \PM1.00~1.80 5 PM1.80~3.20 gﬂzrﬁj B,(J
YHMEAEG F2E TN E (p >0.05).

3.1

100 ug-mL™"!
i 100% *a ox

ORI R ER TR S

AR 0.18~0.32 0.32~0.56 0.56~1.00 1.00~1.80 1.80~3.20
Fif% /um
400 pg-mL™!

*q g

il GRS RERTAR S

X HE 0.18~0.32 0.32~0.56 0.56~1.00 1.00~1.80 1.80~3.20
K4 /um

X IR AR L, p < 0. 05 5 AN [R) - 51 387 & YL g Ab JL 20 2 i) 2%

Fig.2  Viability of different sizes of automobile exhaust particulates to human A549 lung cells after 48h exposure

B MTT A6 25 5 & 8,50 wg-mL ™' A 202
FEEME I AR BB, T 200,400 pg - mL ™" HeJE T
AYREAR Y T 2 A0 AT 5 R SRR, e Ak
100 pg-mL ™~ VR JE S50 50 1 YL BV I

3.2 BURLAR R 40 R R B

B3 J& 5 ok 295 75 R SR 7E 100
pg-mL T YRET YL EE AS49 i 48 h 5 40 M % 5E
T LDH 3G PRI E S5 0. iR B v, S5X A 1L,
AR AR YL R A A M RS SR L W LDH 36 2
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Thw (p < 0.05), Hod, PMyg 0 4 & H,
PMy, 150,32\ PMg. 52 0.5 ALK Z, PM g0 150+ PM 5520
IR, PMy 1,309 PMg sy s AHLZ IR PM, g, 05
PM, g3 ZHZ ARG 4A L LDH 35 1 22 5 A .35 (p >
0.05).

*b

D

[=

[=}
T

*
a
*a

[=3
(=}
T

*
c
*c

LDH 3 /(U-L1)
[y*] (9%} B wn
(=] o
(=] (=]

T T

S S
(=) (=)
—

S

%A 0.18~0.32 0.32~0.56 0.56~1.00 1.00~1.80 1.80~3.20
Ktz /um

B3 FEKHFERSTAYMRAERFMEMIEFRKRPT LDH EH (0
=6)
Fig.3 LDH activity of culture supernatant fluids after exposed to

exhaust particulates with different sizes(n =6)

3.3 AR s AR

B4 & 5 Bk A2 3% B SUBURL Y £ 100
pg-mL W R YL B AS49 400 48 h 5 4L
SOD %P & MDA & il 2558 453 s, 5X)
WRZHAHLE , #5 Rt e m 2 A0 M 2 P SOD i 13
E%?F%U) <0. 05) ,/B\:EP PMO.56~I.OO < PM0.18~0.56 <

100
*c
*c
*
a
*a
I I *b
1 1 1 I 1 1

= 90
280

XFHE 0.18~0.32 0.32~0.56 0.56~1.00 1.00~1.80 1.80~3.20
KAz /um

2 70
*b
| *a I | |
1 I 1 I 1 1 I 1 [

60
A 0.18~032 032~0.56 0.56~1.00 1.00~1.80 1.80~3.20

250
a
g 40
HLAZ /um

w

2 30

= 20
10

T T T T T T T T T 1

B4 FREHFZERSBHYLZRMAAEA SOD iFH171 MDA £
BE(n=6)
Fig.4 The intracellular SOD activity and MDA activity of cells after

exposed to exhaust particulates with different sizes(n =6)

PMI.OO~3.20 ’ P1\'/[0A18~0A32 L:j PMO.32~O.56 éﬂ Z I\ETJ N
PM, o1 509 PM, o5 2o 2L Z IR ARPY SOD 15 122 5%
AEZE(p>0.05). SXFHRAA L, SR A2 YL R4 i
P MDA &3 ETH(p <0.05), Hif,0.56 ~ 1. 00
pm ZH P MDA 5 £ fe ey, oA A5 R A2 #5240 MDA
TREESALE(p>0.05).

4 i3i8 (Discussion)

TR RAUBOR ) 2 38 R TS G i) 5 4
Y1z —  ERARE /N, BT E A I TR, 5 AT
W ARG L FPINA BB VIR R, ALK MTT %0
BEANFIHR B AN TRDRL A2 1) VR 28 B AU ) % AS549
AR TG PE R, 25 0 R, Y i VR R, A AT
TR, HA B B R AR s PM, o HE
PM, o0 5 20 F A B SR AP I 40 BTG RO BE T, 3X 5 L
S5 (2012) PORIFFE 2510« A A0R 4 LEORLASOR 4 B A7 B
SHR P AT L B AR — B

FICHE 375 P 1) e A2 2 7 P ) TV 1 40 M 1
DR3BS i U ( LDH)) 2% 0 4 M A 2 o &5
fifg 2z — , &4 M BRI ) EHE AR, Chang 55 (2007 ) i
XY SR LDH 35 ) BBFIE R I, m e
SR A R T 550 20 L R0 47, 0 B A K B T
0 AS49 20 A B E A7 v RS I, BRI 00 40 it 7
YEF. Wessels Z¢ (2010 ) i SZ 3 117 KR ki 4y m]
51 A549 40 LDH 1G5, ARBF5E 5 Fiokifs
KRR WAE 100 wg- mL "W FEF YL A549
M1 48 h J5 , 7R 40 MO SR h A ) T LDH Y
KRR 5 FIR SCERHGE — 0 PM, (5, o0 X 4H
O FBEEE A R B TR B T PML, s 00, LT, PM oo, o0 2
XF 4 RS 25 A8 B B A B R ™, PMy g0
PM0.32~0,56 4 U/( Z, *—TL & ?& j( E/‘J PM1.00~1.80 il l—ﬁ
PM, g5 20 L35 AT 052, X S5 IR B4 () MTT 52
IS5 R —20. 4 SOD 1B A H S Ak 5 s Sy et
(ARG — , FLTE ) ml () 2 S e il il 9 1 el SR T R 1Y
TEOL. PMy g o0 518 LA S0k B 30 19 B 70 5 T
PM, g0 _5.20 » FE 1T, PMy 6 - 1 o0 4 75 20 41 M P9 S0 A0 3
7J(S|ZE.5LU%}’PMO.18~0.325 PMO.32~0.5(}'j%%gﬂykza*jjj;ﬁ
BRI PM, go_ 1 50T PM, g5 20 A BELLI DY AL 3
TRFAHN BB, — BB EE X RS PM, s 5 PM,, A4k
BifE I EOFSE &BL, PM, b P REIS 57 A T 211
MDA (Ding et al. ,2006 ). Tfi ££ 45 % 1 K PM,
FRAA S S8 (PRIB TR, 2005 ) A W2 21 K Ui
MDA & 5724k, N [ (MDA ) 5y 20 Jifd & £E I 5t



12 P28 AR AR IR R RS ORI IXT AS49 40 i 7 AR T 9 Hu g 3411

it AR AR, R A A AR e,
AR a8 22 /0 ) 422 B e 1 I AR 20 L 48 A 402 45 1Y
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FEI AR A FE Sk 20 0RE 4 1) 5 SR 5 R AU
I, A SR 4t UL AN [F) 67 A% 19 55 0 58 i 35 /0
Sun 45 (2013 ) 5 i 38 2o 12 W 1 A 52 3R I A0RL ) v
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SRR Y RT F 80 AS49 Al ) S Ak N R R E
7. Li %5(2013) BF5E & 3R, 4000k 490 8 40 0k 400 BE
5 R I 1) LA O ORI AR S B N, I3l 3 NF-kB {5
SREUME 5. AR R C R R E
AR nT 51 AS49 4 i NF-«B 2 1 B9k 45
Hod PM 5, oo B 2. R, #9542 R < BkE
Py R B A T 2 5 i R ) P ) IR R O
FEAN TR R ) 1 A BT S [R]85

HATWF e RZHE i F X OR L E (n PM, |
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DLTR 2 90 K 9 1 J0RE 30 R 06 475 328 DA TR 18RI
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5 #5i2(Conclusions)
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—ERIBGVER, AT I AS49 43458 DI RE Bk IR
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