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ABSTRACT

Nanomaterials have been used to create unique devices at the nanoscale level. However, the toxicities of
nanomaterials have not been fully tested and the risk of nanomaterials has been raised as an emerging issue in
these days. In this study, the cytotoxicity of silver nanoparticles was tested using cultured mouse leydig cells.
As results, silver nanoparticles showed cytotoxicity with the generation of reactive oxygen species (ROS). With
the increased level of ROS, intracellular glutathione level was decreased. DNA fragmentation and caspase-3

activation suggested the apoptotic mechanism of cell death in leydig cells treated with silver nanoparticles.
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224 Aol AU AAT Ao oA
o] A]ul}A o]t} (Bhattacharya et al., 2006; Danscher
and Stoltenberg, 2006; Cho er al., 2007; Pierrat et al.,
2007).
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37°C, 5% CO, vjek7)o)| A 24417 2o} B2 Z
o 2ve GRS 7 s Aejsia 2 24,
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bromide)-4-4-& welltd 40 ulL® do] ulj 7ol
A 427 Ax w2 A7 platetidel] EAF= A
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2. ROS £#
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= 530nm (Em)el A 3§48 48 5 A (ug)
7 FI=E e
o] A Aol gt FgoluA] Axtg A=
8 chamber slidesl] TM3 celle 2x 10° cells® B2
3 b UAHE Ae)sted 244170 Bk A
7l & DCFH-DAE 37°CellA+] 30 32t w521
o PBS AHa ¥ Wddudoz Adsd
(Elbekai and El-kadi, 2005; Fotakis et al., 2005; Park
and Park, 2006).
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Fig. 1. Effect of Ag nanoparticles on the viability of cultured
leydig cells. Cells were treated with the indicated
concentration of Ag nanoparticles for 24, 48, 72 and
96 hr. Cell viability was assessed by MTT assay.
Data are presented as the percentage of the control
group. Cell viability was greatly reduced in a con-
centration- and time-dependent manner by Ag nano-
particles. Results represent the mean of three inde-
pendent experiments, and error bars represent the
standard error of the mean.

e o oAk AEkEA] o] WEow ko)
FHZ Az ROSH F=371E izl A
EFA7IM ez Agslus} s d7AAEe] B
2= 3 gle}(Kuhn et al., 2003; Oberdorster, 2004).
¥ AT = b grie] M E5A47)3 0] ROS
2] Z7lel 23l oF7)= =A% H7}s}7] 98] DCFH
-DAE AH&3 HFEAYEE AXABEE e
UAE 5, 10, 20, 40 ppmo 2 A]sled 24417 %
qF 37°C, 5% CO; wie}7]o| A wl kst 3 A ZoljA]
WAsE ROSE A3 A3} proEzos 3
=7} Z7kelen, s =g 40ppmo g 244)
7+ A=E A oF L7 28-S e
= wEA70] whE W3S FAsluAb 40 ppm
o 2ujnsixtg 247t 3,6, 12, 2442002 Aeldt
A3}, AZkeEA 07 ROSY Aol Zrlsle= A
+ ¥ 4= 9ldH 53] ROSE 12A17MA]=
s Zrslelr) 24417 w2 A A =
7}etd} (Fig. 2). ROSS] A& AldH o= 3ql
3l7] #3le] 10, 20, 40 ppm 2] 21} RS 244
7+ 3t =3t ¥, DCFH-DA9} whHg-A)17|z &%
Hujdoz AL AFdME TroEdoz §
7wt ZoVhRe e A2 4 g9 (Fig. 3).
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Fig. 2. Effect of Ag nanoparticle on ROS production in cul-
tured leydig cells. Cells grown in confluent were
pretreated with Ag nanoparticles, washed with phos-
phate buffered saline, and then incubated with DCFH
-DA 40 pM. At the end of DCFH-DA incubation,
the cells were lysed with 1 M NaOH and fluores-
cence of aliquot was measured. Results represent
means of three independent experiments, and error
bars represent the standard error of the mean. (A) :
concentration-dependent change, (B) : time-depen-
dent change. Asterisks indicate a statistically signifi-
cant difference (*: p<<0.05, **: p<<0.01) from the
control group.

40 ppm FEZ 24A7F LB A2k g e]r3]
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Fig. 3. Qualitative characterization of ROS generation by DCFH-DA staining using fluorescence microscopy. (A): Cells
grown in confluent were pretreated with Ag nanoparticle, washed with PBS, and then loaded with 40 uM DCFH-DA.
After washing with PBS, cells were visualized by fluorescent microscopy ( X 100). (B) : Images of phase contrast

microscope ( X 100) are shown in lower panel.

2] 5 3 2R TS 9sIM e mlol B =g
ote] AAALA A4 5L AHz|sled ROSY
7 Aoz 7sd Zlovh
A, vzl FEFA o3 LIHE
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¥
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sak, 2005). 2 AFel Az erti glafe] ]k )
S22 219 mRNARS) A5 Hrsredi <

=
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Fig. 4. Effect of Ag nanoparticles on the induction of met-
allothionein in cultured leydig cells. Cells were treat-
ed with the indicated concentration of Ag nanopar-
ticles for 24 hr. mRNA transcription was detected by
RT-PCR analysis using respective primers is left:
TCCTGAGTACCTTCTCCTCA, right: AGGTGC-
ACTTGCAGTTCTT.
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o] A3 Frhshe A& FAF 4 U Fig.
4). ol FEHFFA & =gt ThEE &



62

GSH change (% of control)

GSH change (% of control)

Fig. 5. Effect of Ag nanoparticles on the level of intracellu-
lar reduced glutathione. Fluorometric method using
o-phthaldialdehyde was used to measure the intra-
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cellular GSH. Results represent the average of three p
different analyses. GSH was calculated as nmol of of the peptide by the caspase released the chromo-
glutathione per mg of protein and then was presented phore pNA, which could be quantified using fluo-

as the percentage of the control group. (A): concen-
tration-dependent change, (B): time-dependent
change. All treated group showed statistically sig-
nificant difference by Student’s #test (p<0.01) from
the control group.
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Fig. 6. Effect of Ag nanoparticles on the caspase-3 activity
in cultured Leydig cells. The cell lysastes were test-
ed for the protease activity by the addition of a cas-

ase specific substrate DEVD-AMC. The cleavage

rescent microplate reader at a wavelength of 360
(ex) and 460 (em). (A): concentration-dependent
change, (B): time-dependent change. Asterisks indi-
cate a statistically significant difference (*: p<0.05,

*: p<0.01) from the controt group.

Fe}A]-& (reduced glutathione, GSH)2] 7FA$) nj-$-
YA AFe ok 2y RE 5, 10, 20,
40ppme.2 x]2]dled 2447k E) 37°C, 5% CO,
w7l A wl kel &, 353} Iysateo] 7)A 2 A o-
phthaldialdehyde & HH-A1A A ZW ] GSH%F =)

2BY A3, sEdEdes haehe 4
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