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[38 ZE] 8 & B RHS B R 00 2 BEmR 44 K 48 ( multi-walled carbon nanotubes, MWCNTs ) %f A fifi g IT %4
Rz A0 (AS49 40K ) B AN EEPE AR AL TR RO . & 8 BEHUK (5 ~ 15 pum) (S8 (350 ~ 700 nm) W FH AR ] K &
i) MWCNTs, M 2 3 ( carboxyl , COOH-) (& 3 ( amino , NH,-) 14 i ( taurine , Tau-) 3 FhAS [7] 22 10116 15 i) MWCNTs
3 AT SCRAR ST, o Y MWCNTS 4 A AE M (1) MWCNTSs ( Pristine-MWCNTs ) 5 3% [ {611 ) MWCNTs 347 Lt
Bo MR SEH R H] cell counting kit-8 (CCK-8) ¥, Y8k B2 2.8 32 mg/L, JLdEIT[A] 735012 12 .24 .36 48 h; it
L BEME R AT B S Pl Kk SE B G DNA BE D58, YL B 7 18 8 mg/L, Ye BT [H] 24 h, # & WiFP K ) MWC-
NTs 7ET WAL MY 12 ~ 48 h YL agat[a] P, 253200 70 B AR i) A i s s o 7 24 ~ 48 h Zh BRI [E] 2, MWCNTs (141
M FE P A BE B I HE R . S R RY 3 A MWCNTs 5 R A& i) MWCNTs A Lt , R & i id i) MWCNTSs 7
YLREIHA] 12 h YeBE ¥R A 32 mg/L AR X 41 i 75 14 . COOH-MWCNTs y (86. 55 = 1. 80)% NH,-MWCNTs iy
(84.67 £1.32)% Tau-MWCNTs J7(80. 15 £3.53) % , Y555 FAA& i MWCNTs ({4075 (71.44 £5.58) % , % 5
BRI E (P <0.05) ; fE Y52 0T [H] 24 h Y350 & 0 8 mg/L A& 4fi i ) MWCNTSs AH X 2 Jift 7 44 : COOH-
MWCNTs 4(96.74 +1.00) % NH,-MWCNTs #7(96.74 +3.35)% Tau-MWCNTs 7 (106.39 +3.83) % , ¥ 55 F £ &
Mi MWCNTs (O A0RENGE P (91.02 £2.53) % , 2R BG4 X (P <0.05) ; £ YL BT H] 24 h YLk EF 4 32 mg/L
A&t ) MWCNTSs AF 5 40 i 35 $4 : COOH-MWCNTSs g (80. 88 +2. 67)% NH,-MWCNTs > (82.90 +3.25)% .
Tau-MWCNTs & (82.55 £3.32) % , ¥ F A& MWCNTs {40752 (76. 08 +4.27) % , R HAEGiT%5E L
(P<0.05);7E 4L B 0 [A] 36 h, YL 3 ¥k £ O 8 mg/L W& M i ) MWCNTs 48 XJ 4ff g i 4 : COOH-MWCNTs
(96.87 1.05) % NH,-MWCNTSs 3} (96. 66 +4.76) % Tau-MWCNTs J7(100.23 +2.84) % , ¥ F A& i MWCNTs
A2 A S (89. 61 £3.78) % , 25 HA G2+ L (P <0.05) o fEFHAWWLESHT R 353k B R, 2850 3R B 1
MWCNTs 5 A& MWCNTs (1940875 AR Lt , 25 7 B2 X (P >0.05) . Zad R &R 3 F MWCNTs DNA
HERT B4R 5515 B0« Olive J2HE COOH-MWCNTs 7 1.56 +0.22 NH,-MWCNTSs 3 2.25 + 1. 62 Tau-MWCNTs ¥y 2. 23 +
0.94, % DNA # & COOH-MWCNTs #7 (3. 96 +0.60)% ,NH,-MWCNTs # (6. 16 = 4. 68) % , Tau-MWCNTs
(6.05 +2.31) % , YJFEAS R FR B AR F A& 1) MWCNTSs [ Olive 2HE S 3. 00 +0. 64, 2348 DNA 47 &84 (8.23 +
2.21)% ], R BAGIH¥E L (P <0.05) , H it COOH-MWCNTs 73 DNA S5 245/ # #: LR RHE
PSR AL A G TE 00 &, 35 T AS49 4R [R5 B A 4N A St A0 DNA SE TS MR e B i, AR Y
MWCNTs JIr SO b 25 Pk S DNA 5 W 240 B A T 22 31 s SR B v] 78— B LI MWCNTs X A549 4 ffd i) 24t it
FEPE AN DNA HERT 24451405
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ABSTRACT Objective:To compare the cytotoxicity and DNA strand breakage induced by multi-walled
carbon nanotubes (MWCNTs) with different lengths and different surface modifications in human alveolar
type 11 cells (A549 cells). Methods: Two different lengths (5 =15 pm, 350 =700 nm) of MWCNTSs
and three different kinds of surface modified MWCNTs ( COOH-MWCNTs, NH,-MWCNTs, and Tau-
MWCNTSs) were used in the experiments. The short MWCNTSs were used as pristine MWCNTs to compare
with the 3 surface modified MWCNTs. The cytotoxicity was determined by cell counting kit-8 ( CCK-8)
assay at the concentrations of 2, 8, and 32 mg/L at hours 12, 24, 36, and 48 respectively. Single cell
gel electrophoresis (SCGE) assay was performed to evaluate DNA strand breakage in A549 cells after 24
h treatment of 8 mg/L of each tested material. Results: Long multi-walled carbon nanotubes ( Long-
MWCNTs) and short multi-walled carbon nanotubes ( Short-MWCNTs ) showed a dose-dependent
cytotoxicity within the exposure time 12 —48 h. Especially, Long-MWCNTs showed greater cytotoxicity
than Short-MWCNTs from 24 to 48 h at the same concentration. The relative cell viability of the 3 surface
modified MWCNTs was higher than that of the pristine MWCNTSs at h 12 at the concentration of 32 mg/L
[ COOH-MWCNTs (86.55 £1.80)% , NH,-MWCNTs (84.67 +1.32)% , Tau-MWCNTs (80. 15 =
3.53)% and Pristine-MWCNTs (71.44 £5.58)% |, at h 24 at the concentration of 8 mg/L [ COOH-
MWCNTs (96.74 +1.00)% , NH,-MWCNTs (96.74 £3.35)% , Tau-MWCNTs (106.39 +3.83)%
and Pristine-MWCNTs (91.02 +2.53)% ], at h 24 at the concentration of 32 mg/L [ COOH-MWCNTs
(80.88 +2.67)% , NH,-MWCNTs (82.90 £3.25)% , Tau-MWCNTs (82.55 +3.32)% and Pristine-
MWCNTs (76.08 +4.27)% ] and at h 36 at the concentration of 8 mg/L. [ COOH-MWCNTs (96.87 +
1.05)% , NH,-MWCNTs (96.66 +4.76)% , Tau-MWCNTs (100.23 +2.84)% and Pristine-MWC-
NTs (89.61 +3.78)% ], and the differences were statistically significant (P <0.05). Compared with
the Pristine-MWCNTs, the relative cell viability of the 3 surface modified MWCNTSs didnt demonstrate a
statistically significant difference (P >0.05) at other observation time and exposure concentrations. The
DNA strand breakage of the 3 surface modified MWCNTs; the Olive tail moment of COOH-MWCNTSs was
1.56 £0.22, the Olive tail moment of NH2-MWCNTs 2. 25 +1. 62 and the Olive tail moment of Tau-
MWCNTSs 2.23 £0.94; the tail DNA% of COOH-MWCNTs was (3.96 +0.60) % , the tail DNA% of
NH2-MWCNTSs (6.16 £4.68)% and the tail DNA% of Tau-MWCNTs (6.05 £2.31) % , which were
lower than that of the pristine MWCNTs (P <0.05) , whose Olive tail moment was 3.00 +0. 64 and tail
DNA% (8.23 +2.27)% . Moreover, the COOH-MWCNTs induced the lowest DNA damage among the
three modified MWCNTs. Conclusion: Long-MWCNTs compared with Short-MWCNTs demonstrated a
greater cytotoxicity and lower DNA strand breakage damage. The surface modifications of MWCNTSs can
reduce the cytotoxicity and DNA strand breakage in A549 cells.

KEY WORDS Nanotubes, carbon; Cytotoxicity, immunologic; Mutagenicity tests; Pulmonary alveoli;
Epithelial cells
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GG B FR PRSI0 7 i, BB A B AL T s
Tty MWCNTSs X filijfd - Kz 1050 AS49 24 g™ A2 i) 24
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PEPEAN Btz 4t P S (IR 2 AR 3

1 #MR5ET*

L1 SEgkhh

111 SCRZAIMIER  AS49 40 5 Sy A fili 955 40 i
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MWCNTs, { ) MWCNTs ( long multi-walled carbon
nanotubes, Long-MWCNTs) &k 5 ~ 15 pm, 5 )
MWCNTs ( short multi-walled carbon nanotubes,
Short-MWCNTs) K & & 350 ~ 700 nm, H. /v 48 19
MWCNTs [6] 5 /E S~ & & i i1 MWCNTSs ( pristine
multi-walled nanotubes , Pristine-MWCNTs) ; 53 38454
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Table 1

Physicochemical properties of MWCNTs

Metal content/

Outer diameter/ Length/ Purity/ . Surface area/ Modification rate/
Materials (% by weight)
nm pwm (% by weight) (m*/g) (% by weight)
Ni Fe Co
Long-MWCNTs 10 -20 5.00 -15.00 97 0.29 0.19 0.23 133.7
Short-MWCNTs 10 -20 0.35-0.70 98 0.26 0.11 0.02 133.7
COOH-MWCNTs 10 -20 0.35-0.70 98 0.26 0.11 0.02 133.7 9.0% O
NH,-MWCNTs 10 -20 0.35-0.70 98 0.26 0.11 0.02 133.7 3.52%N
Tau-MWCNTs 10 -20 0.35-0.70 98 0.26 0.11 0.02 133.7 0.061%S

Modification rate, the percentage by weight of characteristic elements in each surface modified MWCNTs.

113  F#EUHFgs F12 553860 3 2 [ In-
vitrogen 2\, JIG 45 175 W4 H 35 [E HyClone A\ 7, 3
BR-BERRRRE A LEE R RAHAL,0.25% (14
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i MWCNTs 4 & & i i) MWCNTs H A5 5 ALY



B WA BN RIR B K R T 1) 20 BE B 40 KA (1) 200 MO 3 P g A B - 409 -
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g 8
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0 0 2 8 32 0
Different length of MWCNTSs /(mg/L) Different length of MWCNTs /(mg/L)
Control Control
120 E Shorl-MWCNTs ~ 120p E’ Shorl-MWCNTSs
# L(mg,-MW( NTs 2 Long-MWCNTs
100} ;_' k3 100
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> 80p = 80F
= 60F = 60r
o) <
o o
40k 404
oLl BN m oL |
0 8 o 0
Different length of MWCNTSs /( mg/L Different length of MWCNTSs /(mg/L)

A, 12 h; B, 24 h; C, 36 h; D,48 h; * P <0.05, compared with control group; # P <0.05, significant difference between Long-MWCNTs and
Short-MWCNTs; n =3.

1 A EE MWCNTSs X A549 4 77 17 5 04 5 i)
Figure 1 Effect of A549 cell viability after exposure to MWCNTs with different lengths
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A, 12 h; B, 24 h; C,36 h; D,48 h; * P <0.05, compared with control group; # P <0.05, compared with Pristine-MWCNTs; n =3.
2 R[FIFETE B MWCNTSs X AS49 4 IRA7 G 5 (5 0
Figure 2 Effect of A549 cell viability after exposure to MWCNTs with different surface modifications
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