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ABSTRACT

In this study, we investigated the biological toxicity of nano-scale Zn (0.1, 0.5, and 1 mol%)-doped TiO, and
pure TiO, nanoparticles using zebrafish embryogenesis as our model organism. Zn-doped TiO, nanoparticles
were prepared using a conventional hydrothermal method for the insertion of zinc into the TiO, framework. The
characters of Zn-doped TiO» (0.1%, 0.5%, 1%Zn) and pure TiO, were about 7~ 8nm. These sizes were smaller
than 100~ 200 nm of TiO, was prepared using the sol-gel method. Particularly, in this study, we found no sig-
nificant biological toxicity in the hatching rate and abnormal rate under expose pure TiO, and Zn-doped TiO>
nanoparticles were prepared using a conventional hydrothermal method of zebrafish. It was different from the
biological damage under TiO, nanoparticles were prepared using sol-gel method. We assessed that the damage
was not linked to the particle’s nanometer size, but rather due to the prepare method. Moreover, TiO. nanopar-
ticles were prepared using a hydrotherma method were not shown to cause cytotoxic effects, like apoptosis and
necrosis, that are the major markers of toxicity in organisms exposed to nanomaterials. Therefore, there is some
relationship with biological toxicity of nanoparticles and the prepare method of nanometer size particles.

Key words: Zn-doped TiO,, Nano scale, hydrothermal method, sol-gel method

Az a2 v|lAdHE AS 7Hs}a(Ohko et al.,
M = 2001; Watanabe et al., 2003), 34 §7]3}h=
(VOCs: Volatile Organic Compounds)2- A A&+ 2

FEolz de) i TiOe F 2N & ohe} o AA &l At Gl AkgH
EI =N

 To whom correspondence should be addressed. _ o 1o wlxl olw o Lo

Tel: +82-31-201-2413, Fax; +82-31-202-8854 w3 IR A2 P RS A

E-mail: bioclass@khu.ac.kr AA} Aggz oz dz] ALEFH I Qe B0

—333—



334 J.ENVIRON. TOXICOL.

o} (Schulz et al., 2002).
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(A) XRD patterns of TiO, and Zn-TiO, nanoparticles were prepared using hydrothermal methods.

(B) TEM images of TiO, and Zn-TiO; nanoparticles

Fig. 1. The XRD patterns and TEM images of TiO, and Zn-TiOz: (A) XRD patterns and (B) HR-TEM images; (a) TiO-, (b)
0.1mol% Zn-TiOy, (c) 0.5mol% Zn-TiO, (d) 1.0mol% Zn-TiO, and () TiO (sol-gel method).
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Fig. 2. The effects of nano-scale Zn-TiO, and pure TiO, particles were prepared using hydrothermal or sol-gel methods on the
hatching rate and rates of specific abnormal morphologies among surviving embryos are shown. The properties of
abnormal morphologies are abnormal notochord, edema, abnormal heart, no tail, and inflammatory phenotype.
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PRO-1 iodide, Molecular Probes Co.)E A}&-3}sit}.
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(P) A& o] 83} Zebrefish 2 F A 2% 2uM
Pl 1uLe} 1uM YO-PRO-11puL2 #2)3t & k=
71 el A 587 A BAskS d4E Al
x| 3342 488nm Aragon laser, 543-nm HeNe
laser 2 633-nm HeNe laser2 A}4£-3}ed confocal
laser scanning microscopy (Zeiss LSM 510, Zeiss Co.)
2 A8k

5 SAEAM

a8z} EA4= Excel 2007 (Microsoft, USA)=
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He] e S35l o Student's t-testE o]-&
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= Aot (Fig. 1A). HR-TEM ¥ & F3F gl
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Fig. 3. The effects of nano-scale Zn-TiO, and pure TiO;, particles on the development of zebrafish. (A) Control, (B) TiO,,
(C) Zn-doped TiO2 (0.1%Zn), (D) Zn-doped TiO, (0.5%Zn), (E) Zn-doped TiOz (1%Zn), (F) TiO: (sol-gel method),
B~ E: nanoparticles were prepared using hydrothermal methods; F: TiO, nanoparticle was prepared using sol-gel
methods. Abbreviation: DH, Damaged heart; AN, Abnormal notochord; NT, No tail and Damaged tail; E, edema; I,

Inflammatory.
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(Fig. 2). olelat Ashe sagyA o) 45 tita
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Control

TiO,, hydrothermal method
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Fig. 4. Confocal microscopic data of Control, TiO, (hydrotherma methods), and TiO; (sol-gel methods). Markers for necro-
sis(propidium iodide staining, Pl) and apoptosis (Y O-PRO-1) used to stain control cells and treated zebrafish cells:
(a) YO-PRO-1, (b) P, (c) Differential Interference Contrast (DIC), (d) Merge.

2005). °]+= sol-gely (Ohko et al., 2001; Watanabe
et al., 2003; Yeo and Kang, 2006)¢] 7-¢-s}= o}=
Aoz Aol 23 vEAe] Azrt Al
z3A 9] #ro] 33HE=E Ql3t oJ3Fe 43 I 4
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T Ul AEA o)de] Azl 22 Zlelnh 1
2t ofdde] As g F43E 9 AdHe=

E4do] M Aoz <elx gli=d| (Sreethawong
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