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(=] af BT aRmg ks (single-wall carbon nanotubes, SWCNTs) fIfiEE 1, 4R80T HFF ML, e 27
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Pulmonary toxicity of single-wall carbon nanotubes and its oxidative stress mechanism
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[Abstract| Objective To systematically study the pulmonary toxicity of single-wall carbon nanotubes (SWCNTSs) and to
explore the related cytotoxicity mechanism, so as to provide a theoretical basis for the safe production and application of
SWCNTs. Methods A549 cells were cultured in the media containing 0, 25, 50, 100, 150, and 200 pg/ml SWCNTs for 24 h,
and then the cell viability and degree of cell membrane damage were assessed by CCK-8 and lactate dehydrogenase (LLDH)
release assay kit, respectively; the ultrastructural alteration of A549 cells was detected by transmission electron microscope
(TEM). The oxidative stress response was evaluated by assessing reactive oxygen species (ROS), glutathione (GSH) and
superoxide dismutase (SOD). The rats were exposed to SWCNTs by intratracheal inhalation, and then the animals were
sacrificed 3 days later and the pathological sections of lung tissue were examined. Results SWCNTs showed considerable
toxicity to Ab49 cells, decreasing cell viability, causing severe damage of cell membrane and ultrastructure, increasing the

intracellular ROS level, and decreasing GSH content and SOD activity. It was found that oxidative stress is the main mechanism
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of SWCNTs toxicity on A549 cells. In wvivo toxicity results showed that SWCNTs accumulated in the lung tissue, causing

alveolar wall edema. Conclusion In vitro and in vivo toxicity results have found that SWCNTs possess a significant pulmonary

toxicity, with its main toxicity mechanism being oxidative stress.
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Tt B %) WP R A0 23 3 i (5 4 R RE A6 78 03 i
AKEE, Jegi i KR A m#FEE. 3 45k
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Fig 1 Appearance of SWCNTs under
transmission electron microscope

SWCNTs: Single-wall carbon nanotubes
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Fig 2 Effects of SWCNTs on cell viability (A)
and LDH leakage (B) of A549 cells
SWCNTs: nanotubes;  LDH.
dehydrogenase. * * P<C0. 01 vs control (0 pg/mL SWCNTs) group.
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Control (0 pg/mL) 50 pg/mL 100 pg/mL 200 pg/mL

B3 SWCNTs XF A549 ARJET-HI 8%
Fig 3 Effects of SWCNTs on death of A549 cells
SWCNTs: Single-wall carbon nanotubes; PI: Propidium iodide. Hoechst 33342 Blue; PI: Red. Scale bar: 20 pym

Hoechst 33342

PI

4ifure SWCNTs @ P 3% 4 h 5 g N ROS
SR B R, SWCNTs Jifi 2 % B8 50 pg/mL
i ROS & & 4 207. 2%, SWCNTs Ji & ¥k B N

’ z 100 pg/mL B ROS % B 5 & 345. 6%, ik
| ‘ P i F.fE%E SWCNTs ‘{ZEF B, ROS & = &2 e i
e S R il UGBS AR AS g B . 1 P 5B AT L. A0 5 R
A ek O o A0 Al W B2 19 SWCN'Ts fE 24 b » 401 GSH &
B4 SWCNTs % A549 ZRBB R #2500 TR PEE SWCNTSs ¥ B3 i 1%, 72 150 pg/mL
Fig 4 Effects of SWCNTs on ultrastructure of A549 cells FRE W )T N GSH fHX &8 N 70. 0%, #£ 200

B is the higher magnification of the area limited in A. The arrow ug/mL }ﬁ % 7,'& g T GSH ;i:ﬁ er- /a\ % IZ% /ﬂ:‘& ES
indicates  SWCNTs in cytoplasm; M indicates mitochondria. 65. ZV . EE |7§—I 5C EI IJ_IL ,SOD ﬁlijj Fﬁ% SWCNTSs
SWCNTs: Single-wall carbon nanotubes {&Eibﬂﬁﬁ@{iﬁﬁ%ﬁ ’ Yj? 200 “g/mL EE{KE_F
2.3 SWOCNTs 2t A549 4m fig, AL B R 89 %5 SOD ¥ P f% % 50. 6%

v G AR ORI 45 SR (& 5 AD AT I, A549

400 O L 120 1201
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e/ (ug s mL ™Y e/ (ngemL™H) pe/ (ng s mL ™)

Bl 5 SWCNTs 33 AS49 40 i .14 K7 3 I B2 B 52 il
Fig 5 Effects of SWCNTs on oxidative stress of A549 cells
A: ROS content; B: GSH content; C: SOD activity, SWCNTs: Single-wall carbon nanotubes; ROS: Reactive oxygen species; GSH;
Glutathione; SOD: Superoxide dismutase. * P<0. 05, ** P<C0. 01 vs control (0 pg/mL SWCNTSs) group. n=5, xts
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BB LR R YRR R ) SWCNTs, i/ 22K, 25 5 (& 6) /R, SWCNTs fig #E A 21 ifi 0
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JEE o AT A5 i 225 ] /1 o

6 SWCNTs Xt X 5 fifr 2 4 s 22 O R4 A1
Fig 6 Effects of SWCNTs on pulmonary pathology of rats

A, B: Control; C, D: 2 mg/kg SWCNTs; E. F. 4 mg/kg
SWCNTs; B, D and F are higher magnifications of the areas limited
in A, C and E. respectively. SWCNTs: Single-wall carbon
nanotubes. Scale bar: 1 000 um (A, C, E), 100 pm (B, D, F)
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FATE Z2 A Bl 24 450 0, N 26 58 5 v g 4 fil 3
SWCNTs [ HE 3 Fifi 22 38 o A IS R 22 4006 L il
BEPEROBIFTE S . AT 9 3 A 40 A A T A Bl 4
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