Vol. 30 BHEFEALFEFIR No. 3
2009 4E3 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 497 ~501

SEERMN AT F S AS49 S 4L N
5 £ R4 2 fir i B BB fif

et g AP SR, 2VE REFD?
(1. EITRSFMEERE, B RS TRIRE O, EUMER, e EYEFTRESLRE,
JE I T A B2 TR ARG L, JE17] 3610055 2. o E E 2R & o E D AER RS
YIRS TR ST BT, REETT AU M R G 5005, KL 300192)

FEE DA LA ZR AS49 NAAIANML , 3R 22 BE e 9 KA ) 40 At B2 R 5y S AL, AS49 4f i 7 58
FARREIMEE (0 ~300 wg/mL) B BERRAN KA S5, I MTT H 6 24600 40 MU 7% )1 70 Hoechst 33342 Je (5 3 M2
UM ; FHIEHER(ROS) USRS 2,7 -8 % R — L TR ER ( DCFH-DA ) %5 & I =X 20 M SRS I 41 it oy
ROS 7K ; FZEOCIRET JC-1 25 & 306 IR A2 W ABEA I A i 2ok R L7 AW, B78 Ak, FHARREDOLTIEE
V32 A 0 20 L L R R 1 L 2T 3 5 -1 (HO-1) 9 RKKOP. 25K, 2 BE A R A T 5
AS49 4UATEPERFA . A0M P9 TG ME 4R ROS ad i = AR DA BEH K GSH & NI, i S AN AL Do 5 $t
FALT N-Z e B R (NAC) 1 2 BERR 9K A 15 T 10 AS49 4N ROS A=A, ZRERRAIKE Lb 38 AS49
2 b5, JER AN R A I L A T [ 22 BE B 40 0K B 75 AT B 4 £ 7 93 %) [0 I £ 3 7 1 oy 98 7R 1
HO-1 () - iRFeak. S5, 2000 S0 R O 2R IR 5 L A7 Z5 A fh FT B2 2 BERR O K B 5 3 AS49 AR

PN ) AL
KEER  ZRERYUKE ; SRR, SN ML R A A E-1
HESEES 0629 XERFRIRAD A XEHS  0251-0790(2009)03-0497-05

4K (Carbon nanotubes, CNTs) J&—FFGK R A0 3 BB AR, SR AOKE T HMER ) T i
PE WETE | IR AR IR G ERE, EHAE N LAV E AU TR SR A8 i S5BE
SR AR T WA 5 R S M TR R 1) e DR 2 Y A A S A W I e U S R R TR 1Y I i
ST RGN A W B 2 AT N T A R A TR, Pl EL T R SR A R A ) BN A5 |
T AR SR . BAT, AN T KPR SE B RRAK A SOV A 4G . B, DNA K4
A5 5 ANBE IR T R R VIR AR R T NF-«B 122 200 £ I ( MAPK) iR 1245
FEHE WA KPR S I B AR A B AN AL 45 ) . SRR B3 | 18 PEARAE | LR 4Rfl . Z RPN ZEM
b 54 B, 3 RGN KA BRI R BIL AT 5 2t — 2L I .

IR, NIRRT RO 2 2H B A AN KSR FH A B IS 725 5 I BORL AR R A e 8% | X R gl K SO (1Y
FO )V B (S SORLAR SR 41475 B BB R A6 T o, et A TS P 480 ( ROS ) o gt 7 A I T4 40 B 1) e e AL B A AL
W, 51 &MU E AL 3 ( Oxidative stress)’[jt?&ﬂ‘])f':ﬁim. g AR S IR S Fla b 2P .7/ D =R  RA e 7|
R R A EEHLE Z— . Ak, AFFFERAAN L AR AS49 IR XS, HEE T ZRERAIK
& (Multi-wall carbon nanotubes, MWCNTs) X} AS49 M &5 5158 . ROS 7= Az DL K 2k A4 i v, {37
( Mitochondrial membrane potential, MMP) AW, (5200, FFAI T MWCNTSs X 480 Ak N7 S U IR 7 2 1
M1 R A A -1 ( Heme oxygenase-1, HO-1) fYFK , IR A B MWCNTs B9 %8 A6 0 3L il K HEA= Wsi
PSR TR AR
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1 SEIGE Y

1.1 RXFI5EE

ZRERRIAAS (MWCNTs, 401 >95% ) , AMEH 20 ~30 nm, KEZN 30 wm, 18 [ o EREB L
HADCERF AT, 7EXT A B 1, FHRRAL B 7' Xt MWCNTs dE174lifk, bRz, A
R A549 W [ ERLERE LA v BE IS BE ; Dulbecco’s modified Eagle medium ( DMEM ) 1% 57
HI H Gibeo 23] ; B4R MUIE (FBS) F127,7'- G286 R — AR ( DCFH-DA) Il [ Invitrogen /A &) 3 Pt
HO-1 Hifk | $i B-actin FUIAFFEFIRZOEE (FITC) -“EHi% 1gG W H Santa Cruz 23 F) ; BEMEE (MTT) |
Hoechst 33342 Fll N-Z, Bt Bt &R ( N-Acetyleysteine, NAC) Il H Sigma /A A ; Enhanced Chemilumines-
cence( ECL) i8] &M H Pierce 2\ ; LR AT H A AR F A JC-1 Wy A g LA W) & TR A PR A ] 5
GSH/GSSG KM &0 H VL5 38 2= KA W H AR5 .

F[E Bio-Rad 680 MfiFR{¥; Axiovert 200 2t f8] E W 5% ( Carl Zeiss ZAH]) ; Coulter Epics XL i =4
A ( Beckman 22 F] ) 5 Tes SP2 OGS AR W4T (Lecia A H] ).
1. 2 KIgiEfe
1.2.1 A549 405 B AS49 AHAEEE TR T5 10% 4 % . 100 U/mL %58 £ M 100 pne/mL 4
FHEN DMEM 853538 BT 37 °C 14k 5% CO, W HE A i35, 1% A549 404 K & 70% ~ 90%
TCAIRASHEE, AAAS ) e BE () MWCNTSs 43 #0R AE B ( MWCNTSs 43 5K 2 08 SCHR [ 8 ] 6 48 75 43 1k il
£&). MWCNT 430 Bk SL 5 75 BT BCH] , B S min, FEAMRIAE M.
1.2.2 % F MR T 5 Hoechst 33342 o5 UAE MWCNTs ZbFEAY A549 4ififl, FH MTT bkt il
YNATEYE ; DNA 29Uk Hoechst 33342 HEATANMIY (A )5, FIEE B fise MR AN Uiz R 2.
1.2.3 @i ROS Wil ZHRSCHR[9 ] 7k, HPEEHREE DCF-DA T 41 Ly ROS 7K°F-. DCF-DA
BN, ZEREEE I 2 iR AR 27,7 - R AP (DCFH) , DCFH 9 AU B B 7 Al S Ak
ASEE, AR PONN 27,7 - A EF (DCF) |, it DCF AKF-I AR (LRI AT S it ROS 7K - (1928 k.
1.2.4 AR A AR HK(GSH) &80l & S HRA B H A U0 £ Ud BRI %8 MWCNTs fE S
A549 FHINIE A GSH /Y5 .
1.2.5 @M% ER AP, AlE S8R JC-1 SR ARRE r 7 a0 S e WA AG I 2R AR B L (37 AW, 7
fb. HBEOEILRE BAEELS S LCS Universal Imaging 3K 14 (Lecia 23 Rl ) 2 £1 (0 2 (L5 Y6 G2 B LUAHL,
LR R GARAR R R, AP, 197251k,
1.2.6 @l AERObAN  HFRESECN 4% 2R PEXTIEIER #H17EE S5, PL 5% BSA/0. 15%
Triton X-100 EFPA#E T2 IRALEE 30 min. fNHT HO-1 ik (ABLEL 1:1000) , T 4 CWHE LR ; KRiam
FITC FRiCH) —HT, T37 CIRE 1 hy LWL, T, BHAE, HBOGIHR A BB am A
1.2.7 EaWEan SR8 ik, HREL MWCNTs 4B A AS49 41t 82 FH Rk 7 it B
50 wg B RES, 45 12% 9 SDS-PAGE HiJk . PVDF L8 | B 5, 540 HO-1 Hiik (LI
1: 1000 ) Xt B-actin FLAR (AFEL 1:2000) F 4 CHWEF LR, KI5 S5MHN M —HEEBEE 2 h; &57E
i % W ECL R &b 124 & 6 .
1.2.8 ZitF a4t RH SPSS 10.0 GEit R 4xd & s 1T ANOVA IR K 208, 2455
] B4 HE 3R FH Student’s Newman-Keuls 7775, p <0. 05 A B 52 R

2 FER5E

2.1 MWCNTs Xt A549 40 BiE 14 & 2 2589 8400

A HFE 9 MWCNTs (0 ~300 wg/mL) ZbFE A549 4000 72 h 5, FH MTT 300 &2 40 AU 7E 15 5.
Bl 1 RTLAA Y, BEE MWCNTs FlS 38, A0 a s e, 2024000 &R. 2 MWCNTSs il
450 peg/mL I, AS549 YBAEAFIE RATAERRTE 80% Z- 475 >4 MWCNTs 7| &3 K3 200 pg/mL B, A549
AR R FEE 45% . fE—E R EEEN, A T 4Rt MWCNTs 554 88 AR R0, R



No. 3 et 5. S REBR KT E S AS49 ML AAL B AR L R R 499

MWCNTs fEF G, M8 A0 2 lEeh 5 4l i 2 A A k.

120

100 L\i
80 F \H

60 |- \' N
o] 3

20

Cell viability(%0)

1 1 1 1 1 1

0 25 50 100 150 200 300

P(MWCNTSs)/(ug-mL-") (A) (B) ©)
Fig.1 Effect of MWCNTSs concentration on Fig.2 Nuclear morphology A549 cells stained with
A549 cells viability by MTT assay Hoechst 33342( x100)
# p<0.05, *3* p<0.01 vs. untreated (A) Untreated; (B) p(MWCNTs) =50 pg/mL; (C) p(MWCNTs) =200
control. pe/mL. Upper: Cell morphology examined by phase-contrast microscopy;

lower: nuclear morphology stained with Hoechst 33342.

7E MWCNTs #4450 1200 we/mL iF, YEM 72 h J5, WECH A3 R A TR 25 2278 4k, DA 2
R, MWCNTs AbEES (%) AS49 4R 7S, 22RETE, Pritrtki] iS5 ; Hoechst 33342 24 (4
RIL, SN AR A SR B A IE A EAR L, ZA2 88 T MWCNTs Ji5, A549 4R 5], (RFRZE /N, A
CIRBE R, , T ARDIREE 28, MR TS A0 (K 2) . K25 RN, MWCNTSs 2
YRS PE R AT RE S T &R A 3¢, X5 MWCNTs %F T 400" A58 B 2F 2 g it - A i UL 2 21 £
EIR 5, RINEMEA ROS By 127 A XA S 4l 0 T AR 1 20 I SR e e B 2R .

2.2 MWCNTs iS5 A549 2848 ROS =4

A549 4iiffi 5 200 pg/mL MWCNTs 8558 f5, FZEGH4ER DCF-DA 45 4 Jit 2 40 i A0 2 40 Jf 9
ROS 7KF-, NI 3 AT UL, 4HJf P DCF %6 o 2 148
FE]- N e &, HE8 MWCNTS 75 S 4010 4 ROS 1)

FEAE, UIESE T MWCNTS it 24 At A S0 Fh g i iz -1

111

T AP ROS 3of it A 40 b 440 IR Ea
A, WO 2N U T A G i 0T e ol
MWCNTs 25 A549 2 i 15 £ T B ) 2L if I
0 GSH S22 9 %81 2 BRS04 1600, o e o
JEAMEH I A AL Y ( GSH-Px ) FIA IDE H K% 7% le(f)
fii 255 (GST) SRR IR, AE AL R . GSH Fig.3 Induction of ROS by MWCNTSs in A549 cells
éﬁ’pﬁ}ﬁ GSSG, GSH/GSSG tt%(ﬁ%ﬁﬁ)?ﬁ%, a. Control; b. 2 hy ¢. 6 h; d. 12 h.
DB A G W EZE S 4R B 4 AT UL, B2 MWCNTSs 751 iR (8] 9254k, AS49 4
] Control . 200
S 100f B 50 pg/mL =
el * [l 200 pg/mL § 150
@ 80t * 5
O * g
T ok g 100
g i =
2 40 =5
‘% 8 50
£ 20r 0
EU MWCNTs - + - + - + - #
6 12 NAC - - + + - - + +
t'h 6h 12 h
Fig.4 Depletion of GSH content by MWCNTSs in Fig.5 Effects of NAC on MWCNTs induced ROS
A549 cells in A549 cells

#p<0.05, ##%p<0.01 vs. untreated control. #p<0.05, ##%p<0.01 vs. MWCNTs-treated cultures.
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M GSH & i B ik, 200 pg/mL MWCNTs S35 6 112 h J5, AS49 FUAIPN GSH & Xt
W53 51 1% 38% F150% 5 4N GSH & #7816 5 ROS /K F—3. A [ B TR (NAC) Fikh #
J&, BEANH MWCNTs i S04 ROS(E S) , IESE MWCNTSs % A549 400 (1) S8 AL 387 G400
2.3 MWCNTs XML& A FIEB AL AW, BIFT

SR AR F 7 2 S B SR AR T BE 1 R B RURRAE AR, S IR ET JC-1 PO 3R AR L4 T ek
R S SRR B LA B AL, JE— RGN 2 (R Th BEAE (L A BAR T B L JC-1 B—FiR s L A 290k
Jurh, W LIRS SRR N IS 6, RAEZORLAR IR A7 i e 5 AR R, TEZB I LR A (RN
BARPIFIASR B AELE , 00 TR S R 6. > JC-1 Ve BEARBAR FE A AR A, LI
RIEAXAETE, BROTDE; Y JC-1 WRETH S s bR B A KA i), TE R &, & ast.
M6 ATLLUE IR, X HRZH AS49 HARLT (A5 A, SREaIE XIS, SRR RN AV B . 200
pg/mL MWCNTs Zb34 2, 4 8 112 h 5, A549 Afisk A0 CE BER , 200N W ss ; 5%

Oh 2h 4h 8h 12h
Fig.6 MWCNTs(200 pg/mL) treated cultures showed increased green fluorescence intensity
in A549 cells stained with JC-1( x200)

W, A/ SEaCHE S 5 T 13% , 28% ,
50% F155% (&l 7) , X224 5 A549 4Hffl ROS 712
e —a, SCRIRGEIN N, — 258 40 i ok ok
YR URLHE A AL FS B VA 1 Sk AR )
B SLRRE R A AW, TR, BN ROS i &
PR R EEALE Y. {H MWCNTSs 75 319 A549 2%
BARRSRAL AW, N IERS T8 ROS i = A O i ofe jpos“rc’j,h 12
Fﬁ%gﬁg}/{:mﬁlmio e ’ 2R AR B FL A Fig.7 Decreased red/green fluorescence ratio of JC-1
AV TS ROS i & 7= A= i) 006 4 08 7= sl R £p<0.05, #%p<0.01 vs. control.
FEAISE T il 510 e T B2 5 MWCNTSs 94 A S50
2.4 MWCNTs i A549 éﬂiﬂ’ﬂ’fuﬂf"i%&ﬁﬁli‘iﬁa HO-1 HFRiEKF

MR TN IR TR, A0 o B A VAR T 1 (Heat shock protein, HSP) AR H B 5324t
0. HO-1, WFKVE HSP32, JEANME P AF7E 1 —Fh 5122 14 nT 5 3 8 SO W B (. HO-1 i 3Rk
2 20 X A A 7 38 P — 3 oy SN, 2 0 L AR SRR S A — A BRI A AR G
PG K 8(A) HIEFENTE[ K 8(B) ]2H], 200 wg/mL MWCNTs % A549 4iifits HO-1 (9375 531k 5 it
AT, PrE AL NAC FIHIH MWCNTSs 55 A549 401/ ROS, K40l HO-1 ik[ B 8(B) ],

)

=

60

40
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Fig.8 Effects of MWCNTs(200 pg/mL) on the induction of oxidative stress-related protein HO-1
by immunofluorescence( A) and Western blotting(B) ( x100)
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PE—EUE T MWCNTSs X A549 41t i) S8 AL SR, 55 SCHiR [ 17 ] HRGE RO FE AN | 90K ok 25 S AL T
FE HO-1 FEkmmFoess i —3. 45 54%mR, HO-1 A nlBEVE I MWCNTs (194400 U bR 4.
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Multi-walled Carbon Nanotubes Exposure Induces Oxidative
Stress and Depolarizes Mitochondrial Membrane
Potential in Cultured A549 Cells

YE She-Fang'*, ZHONG Li-Ming', WU Yi-Hui', ZHANG Qi-Qing'*"

(1. Research Center of Biomedical Engineering & Department of Biomaterial, Research Center of Biomedical
Engineering Technology of Xiamen City, The Key Laboratory of Biomedical Engineering of Fujian Province,
College of Materials, Xiamen University, Xiamen 361005, China;

2. Institute of Biomedical Engineering, Chinese Academy of Medical Science & Peking Union Medical College
The Key Laboratory of Biomedical Material of Tianjin, Tianjin 300192, China)

Abstract The present study was undertaken to determinate the cytotoxicity exhibited via multi-walled carbon
nanotubes (MWCNTSs) in human A549 lung epithelial cells as a model system. Cell mortality was measured by
methyl thiazolyl tetrazolium ( MTT ) assays. The morphological changes of A549 cells were examined by
Hoechst 33342 staining. The level of reactive oxygen species( ROS) was detected by means of flow cytometry
analysis with a redox-sensitive fluorescent probe 2',7'-dichlorfluorescein-diacetate ( DCFH-DA ). The mito-
chondria membrane potential was observed by a confocal laser-scanning microscope with JC-1 fluorescence.
The heme oxygenase-1( HO-1) protein expression was analyzed by immunofluorescence and Western blotting.
The result reveal that treatment of A549 cells with MWCNTSs lead to loss of cell viability, ROS production,
glutathione depletion and decline in mitochondrial membrane potential. MWCNTSs were potent toward inducing
cellular heme oxygenase-1 ( HO-1) expression, a sensitive biomarker for oxidative stress. Our observations
suggest that MWCNTs exert toxicity by increasing oxidative stress, decreasing the mitochondrial membrane po-
tential in cultured A549 cells.

Keywords Multi-walled carbon nanotubes; Mitochondrial membrane potential; Oxidative stress; Heme

oxygenase-1 (Ed.. H, ], Z)



