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ABSTRACT

Nanotechnology, one of the technologies that forms the core of the recent scientific innovation, is used much
inour real lives. Especially products that use nano silver are being sold, with its positive characteristics resulting
from the antibacterial effects of both nano materials and silver. But critiques have pointed out that nano silver
diffused into everyday life too quickly as we do not have done any comprehensive research about the material,
and worry that nano silver will affect the ecology adversely. Therefore, this research focuses on investigating the
toxicity of silver nanoparticles first. To compare the effects of exposure to silver nanoparticles at pre-somite
stage and somite stage (10 hours after fertilization), we exposed zebrafish embryos to silver nanoparticles (15,
30 ppt) during embryogenesis, and then checked the details of catalase enzyme activity. The hatch rate decreas-
ed in the silver nanoparticles exposed groups (15 and 30 ppt); furthermore, the hatched fishes had an abnormal
notochord, damaged eyes and curved tail. The catalase activities of the 15 ppt exposed group at somite stage in-
creased relative to those in the control group. Therefore, the silver nanoparticles could seriously damage the de-
velopment of zebrafish embryos. Especially, exposure to silver nanoparticles at somite stage did severer damage
than exposure since pre-somite stage did.

Key words : nanoparticles, silver nano, somite stage, zebrafish, development

S ABEFA AT T 34 Lol 1
. Ag} Hwa AR 4 le AR Slael e

dE ok F2 v g 272 A% A4
w43 BAEAY W) o8 47 4 e
| 73 Adoleln & 4 Ak (Park, 2008).

b

[} A=} []
S BAL =

rlo

4 4oz dd oo

o 01?}.'4 2
o

x To whom correspondence should be addressed.
Tel: +82-31-201-2413, Fax: +82-31-203-4589
E-mail: bioclass@khu.ac.kr

e 24 54 mhel £l P
o2 4R e, A= e Yxg

W e A o £ Jo g

po



18 J. ENVIRON. TOXICOL.

< AT Tt golstr] wiRel oFE Bl fA
A AP oz fub & e AAHe] gl ub
W, > ARz s A el e]Ee]
olgltt. o] HF e]Fe] P WAl ¥ v
= AA WY 7)es HE A a= gl
d A= o Ik & S Qo =3 2
Al = mAEE iAbEe] A o 2 &4
913 4 glomn (Asharani et al., 2008), ]2} 3k
A Y2HE AR A v 40 SlEA
o] B uE7| = &gt} (Rejnders, 2006). £3], 5
AR A v 3ke] el Ha A7 (Moore,
2006)e M- e EA2> Ao Aoz
s ks WA Aoz oAl n-

Fo b 94 FAME B AL S8
P2 24 F 3l 2 v d2ke ve 3
e gl Wald AgR APl o 2 AE
=4S YepE Aoz ¥ yE9l v (Asharani et
al., 2008), o] -l A ”%‘X*-i AHEE = 2
Y E2S zebrafish A z7]o] =S Ao
nahg ol B 719 Ao %E}mva catalase
g = ¢} Selenoprotein N2 WHlo| = o3k F=
7oz el (Yeo and Kang, 2008). &1} o]
A A iR WASA ] 9% AFe] 3]
QA Al7)eRe S ARk o Al e] F7)
E vl SEAS HAEY Pt stk 53] o
F= ;q]z%q \ﬂ-)\g z-]_q. T ov= _;TL_z‘ﬂ—%]- 9,]_1?_
qEgel 2 Hdl= Hrtel v HAE 7L &
97| o) (Hall and Johnston, 2003), 5] o] A
He A5 Al At vzt ety
Bl

ofA7kA] 2t BAL] AFolM A F 2~4
AZHe 23eA ke ATlelE mE AGe] o] F
oJ5E ¥ Ade] AAH7] A 4 F 1042
of AT F<l AA Ao o]FARE A|7]9
Bl A= o] o] 24| eghet. Somite stage A1
o v EA b:i Al flEiAd ke =%
23 Aozt & 4= g
b 2R B4 S8 v Apol 23 e

o2 sl AA W AR st

N

ol
24

14
E

=
o

o
=

bt

ﬁi

N

T

Z21¥th= B a7t glok(Stohs and Bagehi, 1995).
st AR A 2Edse) HE Bz ol
2 AAshe catdases] A= AFE F 5 9
o},

Vol. 24, No. 1

oefr], B o Fol| A= somite stageol|A] zebrafish
(Danio rerio, Wild type)2] $Aate] 2vjx 532
(15ppt, 30ppt)& x=Z3te] witAdo] A|xtEl AlA
o 2t %"“ﬂl 23 % vlm ATk

wE FE-20] Yt EHHA ukgagoe] ARsd)
T o]& ¢l -H Z& 202 Q3 A AEHA
o) ool Fehstel Aol JgF& FEAE oo}

B34 ek o8 $190 cadase@del AH 3
R ool% e B wze % o] xAl
M Q7 Sk

ppm %=9lt}. ]S HRTEM (ngh Resolution Tran-
smission electron Microscope, JEOL, Japan) e 2
300kVe] 7 ¥A 3 A3}t 10~20nm =7]
o vx =7 YAl Aoz Felslelek(Fig. 1).
=3+ X-RD (X-ray diffractometer, Cu Target, 40.0kV,
30.0mA, Shimadzu, Japan)S A}-&-3te] AR BA

sle] 1 FE A¥el 4B AL FUsic)
(Fig. 2). Sih B4e] o] eARUAAE FHels]

1% wpye

ol Aok ZE whe=(Yeoand

Fig. 1. TEM analysis of silver nanoparticles.
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Fig. 2. X-RD pattern of silver nanoparticles.

Fig. 3. SEM analysis of AgCl sediment.
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Fig. 4. The effects of nanometer sized silver on the development of zebrafish. A : Control, B : exposed at pre-somite stage,
silver-nanoparticles 15ppt, C: exposed at somite stage, silver-nanoparticles 15 ppt, D : exposed at pre-somite stage,
silver-nanoparticles 30ppt, E : exposed at somite stage, silver-nanoparticles 30 ppt, F: abnormal blood vessel (ys : yolk

sac, t: tail, h: heart, s: somite, v: vessel).

Fig. 5. The morphology of heart in (A) control (B) silver nanoparticles exposed group.
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Table 1. The effects of nanometer sized silver on the hatch-

ing rate
Hatched rate (%)
Control 15 ppt 30ppt 30 ppt-2
154/250 109/250 64/250 92/250
61.6 43.6 25.6 36.8
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Table 2. The effects of nanometer sized silver on the abnormal rate

=9k, 30ppt =

Abnormal rate (%) Control 15 ppt 15 ppt-2 30ppt 30ppt-2
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Fig. 6. The effects of nanometer sized silver on catalase
activity. There wasn't significant difference between
control and nanometer sized silver exposed groups.
The frequency of each group was 30.
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