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Oxidative injury effect of different compositions of coal-fired PM, 5 on vascular endothelial cells. WANG Fei-fei',
WANG Xian-liang'", LIU Fang-ying®, LU Zhan-lu', QIAN Yan', PENG Ling-long'® (1.State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012,
China; 2.Zibo Municipal Center For Disease Control and Prevention, Zibo 255026, China; 3.School of Public Health,
Anhui Medical University, Hefei 230032, China). China Environmental Science, 2014,34(3): 780~785

Abstract: To explore the effects of different compositions of fine particles on the cardiovascular system. Coal sample
taking Datong coal as a sample, Coal-fired PM, s was sampled by fixed source dilution channel in the laboratory. All
particles, as well as isolated inorganic and organic compositions, were extracted to contaminate EA.hy926cells for 24h
respectively. To evaluate oxidative damages of different compositions of coal-fired PM, 5 exposed to the EA.hy926cells,
the assays of superoxide dismutase (SOD), malondialdehyde (MDA), Glutathione peroxidase (GSH-Px) were carried out
using assay kits according to the manufacturer’s instructions. The results showed that as the dose increased, SOD activity
decreased in EA.hy926exposed to different compositions of coal-fired PM,s 24h. Each dose group was statistically
different (P<0.01) compared with the control group, and there is a dose-response relationship. At the same dose, SOD
inhibition of different compositions was: organic compounds> inorganic compositions > all particles, with statistically
significance differences among the same dose. Compared to solvent control, as the dose increased, GSH-Px activity
decreased in EA.hy926exposed to different compositions of coal-fired PM, 5. At the same dose, GSH-Px inhibition of
different compositions was: inorganic compounds > organic compositions > all particles, with no statistically significance
differences. As the dose increased, MDA levels in supernatants treated with all particles, inorganic compositions and
organic compositions increased, respectively. At the low doses, MDA level of different compositions of coal-fired PM, 5

on EA.hy926was: organic compositions > all particles > inorganic compositions, while at the high doses : all particles >

i BE: 2013-07-16

EEE: 5 AR 6:(20907047); [ 52 36 MEAT L FHITE 15(200909036,20 1409079); H [E B BRI 755 Hh 2 24 26 MR
FT AR 45 % Wi 42(2008K Y'Y W05,2009K Y Y W05)
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inorganic compositions > organic compositions with statistically significance, and as the dose increased, MDA level

caused by all particles and inorganic compositions increased significantly, while changes of organic compositions is

leveling off. The results can be seen from the above, different compositions of PM,sexerted oxidative damage to
EA.hy926 ,reduced activities of SOD, GSH-Px, and increased MDA level. But the mechanisms underlying them need

futher exploration.

Key words: coal-fired fine particles; PM,s; vascular endothelial cell; EA.hy926; oxidative injury
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B AL L R BRI TR R R AL
T PR R0 G B AR L DS AOR 200 2 oy A0
PRI ST A5 B AR V5 G = A2 (1) PMLy s 15 B 410 R
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31h.
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LAY BRI ARUR IR PR P KB vk, G
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AHLA S RIBCR TR RSN AL, B A 775
FESCHRP AR R JE L4190 F K B PBS. Bl
J% 100,250,500,1000,2000pug/mL 1) 4 75 BR 45
A HLAL 5> H o ik 4l — 3L 7 iR (DMSO) B 1l 1%
100,250,500,1000,2000ug/mL (1) 425 RER % .
1.2.3 ML AN 400 EAhy926 (155 9% kAT
(1) EA.hy926 41EFE A7 20% 64 MIE AT 1%
Pil) DMEM 557880 7E 37°C5%CO0, 51 R 1
TR 95 AT WL SCHR(5].
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OB JCHLAL Sy AL oy e mg BEBURE 75 55
15min, {4l MTs J2AEIAEE PM, 5 AN [H) 20 43 Xt
EA.hy926 40 it a5 1t 52w 8, A 0.5% fig’f
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10,25,50,100,200pg/mL, 4= k7 42) F I AL AL 53 LA
PBS A7t HEL A L4153 LL DMSO Ay 7716 .
Il AT A 15min, 35 2585 7 B0 R B 230 I N
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Y 24h 5, de R RN Pl i i
PG U A i E3E W 1mL WA EP b,
3000r/min, & Cx  15min, B 1375 H 480 A0 452 49 ik
s
1.2.5 BB FRARIE (1) SOD &)
D7 <42 AR AR A U0 A R R 2D BRI TR A,
FWHCE 10min, BEE ST ,550nm Ak, 1em F6AE,
MK 2, L OD {H.%F mL R N SOD
FHIZRIE 50%f Fraf i) SOD &4 —/> SOD
T HAL(U).

(2) GSH-PX il : 42 e 771 6 10 BH v () 45
1B 20 BINFE IR A, SR 5 S 15min /5 ,412nm
A, Tem Y642, 2800 /K 18 2,01 OD {E. M5 & 0. 1mL
N L35 WAE 37°C SN Smin, 1 ER TRBEE SN )
VE R A8 [ N AK 2 T GSH R A 1 pmol/L 2k —
AN ) A

(3) MDA 55 I 5 4% FE AR £ 1d A v i
AR D BRINFE, e TR 4] 88 78 3R A A 1T R
e 11, IR — /N FL, 95 °CE R /K i 40min.
KB G %K 532nm &b, 1em Y648, 28080 7K

I OD .
1.3 gkt

H SPSS 18.0 HAFIHAT G vHALBE i e 45 1
DL 3 B bRl 227 Ko . 2 M REACF 501 L
R Y BADR 28 7 22 93 B AR O 22 5 A 30 45 SR,
72 PER R FE LSD ¥R, 5 25 R 55 I ik %
Tamhane’s T2 75,480 HRLE0 /K #E P<0.05 h 22 A5
gt e X

2 #HR

2.1 BE PMys #4140 % EAhy926 4iJfd SOD
TR

PRIE PM, s %2070 % EAhy926 404 24h
Ji Bt L R A, 40 i E3E v SOD i
Y B, B0 A 2 W) B A e v 2 2 e (P<
0.01), AFE R B R ARG, JL 5031 ok A ik
#)(26.45~19.03U/mL)~ TG HL41 73 (26.45~15.5U/
mL). fIHLZH73(20.15~9.37U/mL) (£ 1).

AH TR 77 & 21 L3 A E PMLs 25 41 45 4l 1
SOD ¥%i JJ B S AT HLAL 3> To LA 3> 4
KL, 7] 70) 6 20 AN R 41 53 ) 1) LSS G vk 2
FE(P<0.01)(F 1).

F1 REAFRYARAS LEFERMELEFERFT SOD
B L
Table 1 SOD contents of the different components of
coal-fired PM, son EA.hy926cells
bk SOD(U/mL)
(ug/mL) ER IRy TSy HHLLL Y
FIR I 26.45+0.53(PBS) 26.45+0.53(PBS) 20.15+0.72(DMSO)
10 23.46+0.43%* 18.054£0.29%* 4 4 15.1£0.81%* v e ##
25 21.19+£0.43%*  17.8+0.27%* A4 4 12.18+0.35%* v Y ##
50 20.76+0.78**  16.94+0.27%* A4 A 11.82+0.63** v Y ##
100 19.78+0.11%* 16.32+£0.29%* 4 A4 10.63+£0.61** Y¢ Y ##
200 19.03+£0.29%*  15.5£0.45%* 4 4 9.37+0.77** ¥ Y ##

TR X +s ,n=3. % 5 R AL LEP<0.05;%* h P<0.01.
Yo b A )RR R, 4 TORLA 5 A BLAL 4 A EEP<0.05; ¥ e Ol
P<0.01. A AHRIF &R, AW 5 TEHLALS A1 L P<0.05; 4
AR P<O.01# A [ 7 & F, G HLAL 5y 5 B BLAL S A L
P<0.05,## P<0.01

2.2 R PM, s S04 EAhy926 41 GSH-
PX % 2 [ 51

FIEE KT HEAH L R AHE PM s A 0RiA . TEHL
Iy R WAL 2 Ik EAhy926 20 4 ),
A G 2 700 = R 0, 40 . B R GSH-Px 31
J1 5y R B (71.16~17.68,71.16~13.05,65.13~
13.47U/mL), B 47 HLAL 731 ¥ B 20 (10,25 pg/mL)
Ab, 35U S R BT LL IR A et 24 22
(P<0.01 5%, P<0.05), A — & B A= ABIME (K 2).

[ 7 2 e 2, A PML s #2020 % 4l |-
i GSH-Px ¥& J7 I¥ 5% Wi B FE AR Ik R AR B
(10pg/mL) I, JEALAL 73> 4 ok i)>4 WL 41 4, bl
SN, LT JEHL o> AT WAL >4 Rk
W) ALK [ 570 5 4 e 25, A ORE 4 R LAy B A
AAE 25 100pg/mL 752417 Fivt 27 2 5 AT AL
41 53 AH Eb, 4 0RE 40 R JE B 4L 43 4 A AE
10pg/mL 7 &4 Gt 2% 2 7(P<0.01 8 P<0.05)
(W& 2). 7] WL JAKK PM, s %20 73 5132 GSH-Px ¥
1N R R AR HA TN 43 >H LA 50> 0
RS ARG 24 A 3
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F2 MEETRYAEELS RERFMELEFTRD
GSH-PX MIZE 4k
Table 2 GSH-PX contents of the different components of
coal-fired PM, s on EA.hy926cells

Pl GSH-Px(U/mL)

(pg/mL) AR FTHLALS HHLAL
EFIR I 71.16£2.63(PBS) 71.16£2.63(PBS) 65.13+6.53(DMSO)
10 40.84+£5.97%%  34.52+1.46%%  57.26:8.41vc##

25 41.68+2.19%*  29.05+£1.26%* A A 40.84+6.23
50 282142.63%%  24.84+].93%* 24.00+2.53**
100 21.89£1.93%% 13.47£1.93%% A4 4 17.68+3.34%*

200 17.68+3.34%*  13.05+1.46%* 13.47+1.93%*

B U X s =30 % g 5 B0 IR A A L P<0.05;%% g
P<0.01. Y Ay A7 7] 77 &8, 42 0K 5 1 BLAL 73 A7 LE P<0.05;
Yo e K P<0.01. A K AH TF) 37 & R, A OR 4 5 TG BLAL 4 4 b
P<0.05; 4 A4 9P<0.01.# 4 # R & T, AL 5 A 415
HELP<0.05,## P<0.01

2.3 M PM, s S 41405 EAhy926 4l s MDA
)5 )

FEEFRT HEAH LG R AR PM, s 40k TCAHL
Y5y R LA 5 53 A EALhy926 45 )5,
B w00 R 0, 40 e S h MDA F i
53 AT AS 7] F2 BE ) 39 0 (2.91~7.23,2.91~6.99,
3.22~5.40U/mL). Bk JC L2 70 A% iR B 41.(10,25ng/
mL) A A L TGt 27 2 57 6, A AN ]
Y53 & L DN IR 2 M3 Ge it % 2
F(P<0.01 1, P<0.05)(% 3) .

FHIFFR R Y B8 A PM, s %20 70 %) 41 i
3G MDA )5 W B FE WA SO ARIR
(10,25,50pg/mL) B, A3 HLZH 5> 4 Uk y> oL 41
4% Bt 5 771 B 89 11(100,200pg/mL), 32 47 H B T 4
TR > T LAL 93>0 HUAL 2 1R 35 AH [) 57 4
A JURL ) R0 TG AL 4Ly B, 43 Sl £E (10,25,50,
100pg/mL) HATGe it 2% 22 7 i £ 200pg/mL G
vk 2 SR MLy L, A ok ) fn e L4
43 43 5l £E (25,100,200pg/mL) « - (10,25,50,200ug/
mL)H G iH 2% 2 5 (P<0.01 5% P<0.05).45 &
H 0, 7E 200pg/mL 715 20 A HLZH 5 Eedse, ol
Yoy A4 ki) MDA 38 i2.(P<0.01)(3 3).
Al LR PM, s %521 73 T30 MDA & &8 K/INME
TEARF R AL WAL 73> 4 ki > T L4153, = 711
s A ROR > TEHLA >N ok, H BA

PE=N
[=NEEN

ek SN EIRGE IR TT LU Y BE A 1,
SRR AT 2 51 MDA 5 8 W 53,
AT HLEL 73 I AR A T~ 22,

*3 MEMAFRYAEESRERMERLEFRP
MDA B
Table 3 MDA contents of the different components of
coal-fired PM, son EA.hy926cells

- MDA (nmol/mL)
i (pg/mL) "~ N - N
Rk TEHLAL4) FHLA14)
IR 2.91+0.43 2.91+0.43 3.22+0.23
10 4.37+0.42%* 3.00£021 4 4.51+£0.28**##
25 4.51+0.14%%  3.52+0.144 4 4.79+0.14%* x ##
50 4.74+0.49%* 3.76£0.35% A4 4.93+0.14%*##
100 6.29+0.22%*%  4.74+0.35%* A4 A 4.98+0.21%* ¥¢ ¥
5.40£0.22%* ¥ e
200 7.23+0.29%* 6.99+0.78%** i

WA A X £s =3 % SR RALA LEP<0.05;%* 2 P<0.01.
Yo b AH R )RR, 4 JORL A 5 AT BLAHL 43 A L P<0.05; ¥ e Ky
P<0.01. A AH ST, 4 W0R ) 55 Jo WL 53 45 L P<0.05;
A AKNP<0.01. # R AR FE T, HA > 5 AP AL
P<0.05,## P<0.01

3 it
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A GSH- PX ¥ 7 B I SR N T HLAARE B4 B
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MDA % 559 H 0] R LA P9I T AL 1
T RE T 4 th e e tH LA 40 i 52 1 |h B4 45 1 ™
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3> A RRURE A7), i 2 ) R 14, 3 T R BT A Rk
Wi>ToWLA 5> WL 3, it ELIGHLA 20 AR5 711
SN 2, B2 R AT ek 2 U Bid
ghSny DUA Bt 70 S n, A0k R E LA
435 1 MDA 25 2 B S48, i B2 o Atk e T
2% X 5t N5 45 A7 A 2 S 4RI AT g 2
PM, s KY5 M ZH A ANFEI T EUAH EL RS PM, s, BRI
ANIURE AT T 20 1) B 48 0 (AT As N
V. Se. Cd. Pb. Cr 25)FI4gHLLH /2 fikhg
W AN AR pR 3 X 42 AN i sk
— R i UL A . B A2 AR S S U
B . DNA B0 S A0 E T,

SOD J&—Fh 15 42 8 i 2 135 1 25 11 1, 2
M AK A PR A AR A A PIRE SOD,—
& CuZn-SOD, ) —#f /& Mn—SOD, i # Z il h
T-SOD.ASZIAIM T T-SOD.SOD &AMk N
T B L BE (B 4B 25 1 B A5 1 i
J, 3 0 R 2 R B 1 R R T A A RE )
# GUTIERREZ-CASTILLO M E %5 A MO 10 41§
117 PM AR [A4L 53 % 5 0] 530 SOD i% 1 BRI 3%
e 72 55 2k < 7K 41 2> LB B ) > E K B 41 4

FAEMIZED G PMy.s X w4 S itk 2T 4 4
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P35 9P (K T vt A0 e 75 15 ) 1) 228 K i B AT 4B
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SOD iyt P4 22 7 B AR, i OV SOD vy M4 C
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R p e A O s o R = N T Pl i A
253 EEATHLLL 23 X SOD i P i 58 5 SR e Y i
FEHER BRARTE ARSI N SOD A 38 i 48 i
SR I /N AR T A UL ASHIF 5 45 L R R0
FHEL, BB 711G I A PML 3 R4 204 SOD
TEPERRAR, H3A RSO, X 5 DL B i
— S5 (A R R A G B AN 220 % SOD ik
SR R A HLAL 43> T LA 40> 4 ki 4) (P<0.01).
AR AR SEEG MTS 4 il 85 MR g0 i su gt B —
(05 DL AN R I 45 AT 22 5, eI mT g
A& TR AR PMy s, LA 27 21 BRI 485 717 1)
IR B T e O S P B, KT T SR I U RORL A7) v
BaP. PAHs LA D &k&RITE#RTIER
BE S, HAKZE K Niv Cu. Zn. As. Se.
Br. Pb SF7E 4R 5 AR R, R BRI T
BB L AN TN O Yy T A 5
()2 20 b3 PR AR AL SOD V& A7, 110 LA _ERIF 700 £
JEAN R4 ) SOD Jif ).

GSH-Px ML) IZ AFAE I —FP i 44k
Y0y i Al GSH-Px i & (2L oy, e REfiE
1t GSH 24 GSSG, A A7 2 13 A Ak Js
BRI S, R 2 E HaOo (120 i, TR
720 RIS 1) 25 ) B Th REAS 2k S A 1) T4
i . GSH-Px HZE B DR - 2024k GSH 2 5
Tk A S N, T I 0 L PR A R o e = A
AR 1 Eh 3, DT 93 40 i 22 A T A
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et 5 A AR B A T IE GSHL 5t HH IR 46 T
e o B IR AR R AR AR AL, O E GSH 5 &8
WE AR R PMys VAR5 PM, s X
Jifiv FFIE GSH 2 (1 52 M 8K AH R 5 2 Flok
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WU &5 B LA — 30vk 8L [R) 57 e o3 AR R
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4 ZEip
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