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Oxidative Stress Effects and Damage of Nanoscale TiO, and ZnO on Zebrafish

XIONG Dao-wen'* ,FANG Tao' ,CHEN Xu-dong' ,SIMA Xiao-feng' > ,ZHU Wen-tao'"
(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;2. Graduate University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: The oxidative stress effects and damage of nanoscale zinc oxide (nZnO ), titanium dioxide ( nTiO,) and their bulk
counterparts (i.e., ZnO/bulk, TiO,/bulk) suspension on gill, intestine and liver of zebrafish ( Danio rerio) were studied, as well as
the characterization of nZnO, nTiO, ZnO/bulk and TiO,/bulk and the amount of - OH in suspension in the presence of light were
studied. The results show that the size distribution of nanoparticle and bulky particle are similar in suspension, while the amount of
- OH in 50 mg/L nTiO,, nZnO suspension are 2. 17 mmol/L,0. 72 mmol/L respectively in the presence of 96 h illumination, which is
much higher than that of 50 mg/L bulky particle suspension( not detected). As exposed to 50 mg/L nTiO, suspension, in contrast to
control, the superoxide dismutase (SOD) , catalase( CAT) and reduced glutathione ( GSH) , protein carbonyl content in liver tissue of
zebrafish are 70.2% , 65.4% ,53% ,178. 1% respectively, and the SOD activity and GSH, malondialdehyde ( MDA ) content in
digestive tract are 149. 6% ,212.9% and 217.2% respectively. The MDA content in gill is 160. 9% than that of control as exposed to
50 mg/L nTiO, suspension. However, there are no toxic effects on zebrafish after 96 h exposure to 50 mg/L TiO,/bulk suspension.
The strongest oxidative damage is found in liver tissue of zebrafish as exposed to 5 mg/L nZnO and ZnO/bulk suspension for 96 h. In
contrast to control, the SOD, CAT activity and GSH, MDA content are 62.9% , 53. 1% , 45. 2% and 204.2% after 96 h exposure to
5 mg/L nZnO suspension, and 48.3% , 51.8% , 34.6% , 289. 6% after 96 h exposure to 5 mg/L ZnO/bulk suspension. Significant
oxidative stress is also found both in gill and intestine. However, there is no oxidative damage on gill and intestine. The experiment
results indicated that the effects of agglomeration on nanoparticle of different chemical composition are various. The oxidative stress and
damages induced by reactive oxygen species ( ROS) which generated through different way by nanoparticle of different chemical
composition might play a role in the bio-toxicity of nanoparticle.

Key words:nanoparticle; TiO,; ZnO; zebrafish; oxidative stress; oxidative damage

( Ti0, .Zn0)

:2009-07-23 ; :2009-09-22
: (20087X07103-
. 001)
[1~3] : (1984 ~), ,
’ , E-mail ; todxiong53 @ 163. com
* , E-mail; fangt@ ihb. ac. cn



5 1321
TiO, ,Zn0O ( Pseudokirchneriella R ZnO ( )
subcapitata) "*' ( Escherichia coli) "', TiO, . ZnO
( Daphnia magna)*™" ( Danio rerio) ;
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1.4 - OH 3 ,
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¢ /0.867. 1, 1.

(a) B4KTiO, (b) HMTIO,

(c) #i%Zn0 (d) #4Zn0O

1 TiO, .ZnO

Fig.1 TEM images of nTiO,, ZnO and their bulk counterparts in suspension
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Table 1 Size distribution of nTiO,, nZnO,TiO,/bulk nm
and ZnO/bulk particles in aqueous suspension ’
/mg - L~ /nm /nm s TiO2
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Tio, 50 438.7 272 ~597 2.2
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Zn0O 5 449. 1 201 ~ 1269 s N
Zn0O 5 810.7 708 ~971
2 ~4.
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Fig.2 Activity of SOD & CAT and amount of GSH & MDA in gill of zebra fish
2 50 mg/L TiO, ( 48.7% ) (p<0.05).
MDA 160.9% (p 5 mg/L Zn0
<0.05) , ,
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.5 mg/L 3 ,
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Fig.3  Activity of SOD & CAT and amount of GSH & MDA in intestine of zebra fish
SOD, CAT GSH (p<0.05).
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Fig.4  Activity of SOD&CAT and amount of GSH,MDA and
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