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ABSTRACT. Nanomaterials, which ranges in size from 1 to 100 nm, have been used to create
ugnique devices at the nanoscale level possessing novel physical and chemical functional properties.
However, the toxicities of nanomaterials have not been fully tested and the risk of nanomaterials is
emerging issues in these days. In this study, the cytotoxicity of copper nanoparticles was tested in
cultured human bronchial epithelial cells. As a results, copper nanoparticles showed cytotoxicity simi-
lar with cupric ion and the apoptotic mechanisms of DNA fragmentation and caspase-3 activation
were involved. Induction of heme oxygenase-1 and thioredoxin reductase by copper nanoparticles
indicated that cytotoxicity of copper nanoparticles is likely to be mediated through oxidative stress.
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Fig. 1. The image of copper nanoparticles. The size of par-
ticles is about 100 nm and the surface area is about 5~9 m%
g. This photo was provided by Nanotechnology Inc.
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Aol A AAMZAM g BEAS-2B cell lineg
ATCCEHE] E<klol FBS(Fetal] Bovine Serum) 10%
£ 3rdh= DMEM/F12 wixE o]&3le] 37°Ce| 5%
CO, M7lelA Adiuiatnnt. Fehvh=dz= (&t
=|eMAE, S=HERE FYSUTHRg. 1) Bol2FE
o] &3] stock solutiond THE &, StEgF FE)(Wattman,
pore size 0.22 ym)E ©]&38td A|Fd L FBS-free
AR Mgk & peQate] BARe 948 37°CellA 30
#7+ sonicationAlATH U= YA=Ee AR 54
sl 7t AldEs HE APt Uegatet Felol

ol Ax54 BlaA e TegdEEAe CuClLE A

MEZEMZM 9 DNA laddering

Hjokst BEAS-2B celle Egalxglsl] 3pd &
PBS(Phosphate Buffered Saline, pH 7.2, KCI 2.68
mM, KH,PO, 1.47 mM, NaCl 137 mM, Na,HPO, 8.1
mM)E 23] MA3sl3, 96 well platesdl] £F3k] 37°C,
5% CO, Big71olA 2477 < F-2AI X 72 Ve
dxpet e BRHES ZH TR 24, 48, 72, 96A1%E
A =221 F, 2mg/mie] MTT(3-{4,5-dimethylthiazol:
2-yl]-2,5-diphenyl tetrazolium bromide}g-8< wellF
40 pR ol F7IHolA 4A7F A= HHSAIZTE plate
RE AA5AE AAsSIEL, DMSO(Dimethyl Sulfoxide)
welld 150 ud Yol & &, 308 A= 7MiA &5
Fa, 540 nmold F3=E 248 7 w5 1

2 2

4 welld g8t en, 2429 OD#E xwe O.D#

# B)wste], WMEEE FAISEUHChoi et al, 2004;
Hsiao et al, 2000). DNA fragmentation2 &H13}7] $13]
Promega Corporation(WI, Madison, USA)¢] Genomic
DNA purification kit& ©]&3led &3 DNAZ ethidium
bromide(10 mg/ml) 0.02% ¥H3ks 1.6% olrtz2a
o M7]19E3kaL, UV light2 15ttt

Caspase-3 gM=H

Caspase-39] &4&742 R&D systems, Inc{MN,
Minneapolis, USA)S] Caspase-3 colorimetric assay
kitE ARl o AzxAle] T2 EFo) wet Attt
7reks] drgshd ol vk widE ME P e
UAE 1, 2, 4, 8 ppmoE Al 37°C, 5% CO, 1l
%7104 2417F F9F incubationdtA ). viHHIAE A
te A ETe 3]5g & PBSE 23] A8t
AAS I, 1}10°% 25 plo] BaFHE ¥o
1At BCA protein assay® ©id <k

150 ugel proteing sl AXZEHNES
u gol Ak wkgAls 71d =24 DEVD-
T & 37°CellM 2412 W] EkATh 405 nm
Z743t & controlt®] S7HEE Skt
Christiaan, 2002).
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Heme oxygense-1 ¥ thioredoxin reductase &
Promega Corporation(Wl, Magdison, USA)?] Total
RNA isolation systeme o}83f] FE3 RNAS]
RT-PCR#} PCR #32 %3 Heme oxygenase %
thioredoxin reductase®] 317 ¢d-E& &1t RT-
PCR 982 RNA 58 1 gl oligo dT, reverse trans-
criptase & nuclgotide7} E3HE w89 20 plE 42°Co)
A 60E7E WEEAIZl L, 94°CoflA] 5E7F 71EEI o,
PCR w22 Taqg polymerase ¥ nucleotide 5-©] &3¢
B (F)Ete] eujokhA, ¢ PCR premix tubeoll ¢
A9 primerd 2 ulgl RT-PCRoA €& wHAAE 1
Z Y7 95°CollA] 30%, b5°CellA 30z, 72°CellA] 30x%
4 25~3238] WHSAIZITE vhAH HEG o] Fof 72°ColA]
1587 B SEAFY. S5 T 44" sEs
ethidium bromide(10 mg/mi) 0.02% 3H3l= 1.5%
agarose geldolr] TAE ¢58H4E AMgst 719%
star, UV light2 #R1eAthLee et al, 2002; Ryu et
al, 2004). Heme oxygenase-19] primerse left: 5-
AGTTGCTGTAGGGCTTTATG-3', right: 5-CTCTGAAGT-
TTAGGCCATTG:3' ¢l Thioredoxin reductase]
primere left: 5-CTATGAGAATGCTTATGGGC-3, right:
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5. AAACCAATACCAGCAAGA AA-39]2itHANgeline er
al, 2003).

2y oE

TJ2l= cytochrome ¢ oxidase, tyrosinase, p-
hydroxyphenyl pyruvate hydrolase, dopamine beta
hydroxylase, lysyl oxidase & CuZn-SOD$9] cofactor
2 gt mEbs AW Fevt 288 A oY ¥
ge] Weld 2748 vehiiA |k = 2kl (cupric
Cu™) =& 93 (cuprous Cut) FEo = 2A31y ot
FT Asighantgol] HAgth FeElo] MESA 7|He
2 78 ol&(free Cu ionjell 9gh E/dakae] Ao
7P F23k ygo g oldww vk lisa and Ching,
2003; Janet and Carl, 2005).

2 A7olie YApel TehegRe B 7
Zloled} nlr R A AEe o] o7 MEELS
W sheA] Yopr A} atslom obEe oy F BT
o] A u|ws] B}t o]— 3tk B, 10, 20, 40 ppm4]
7y YA BEAS-2B Azl A2 A3 A2
RE FERoA 24417 ofulel] e AEEA 0] Vel
HFig. 2). TR 542 22 sx9) FeElol
o] EAT §AME Avo EAS wdsls Aoz Wt}
(Fig. 3a, 3b). Felv=dAte] AlZ5A w7 Eo] ME
ArE71AE Bl dojuhsA]l Rkl #1894 DNA
fragmentationg 18I =H Fig. 4ollA B
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Fig. 2. Cytotoxicity of copper nanoparticles in cultured
BEAS-2B cells. Cells were treated with different concentra-
tion of nanopatrticles (5, 10, 20, 40 ppm as of copper parti-
cless) for 24, 48, 72, and 96 hours. At the end of incubation
period, cytotoxicity was measured by MTT assay. The data
are expressed as mean + SD of threé iidependent experi-
ments.
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Fié, 3. Cytotoxicity of copper nanoparticles and cupric ion
in cultured BEAS-2B cells. (a) Cells were treated with differ-
ent concentration of nanoparticles (1, 2, 4, 8 ppm as of cop-
per particles) for 24, 48, 72, and 96 hours. (b) Cells were
treated with different concentration of cupric chloride (1, 2,
4, 8 ppm as of copper ion) for 24, 48, 72, 96 hours. At the
end of incubation period, cytotoxicity was measured by MTT
assay. The data are expressed as mean + SD of three inde-
pendent experiments.

78 =R 4 ppm, 8 ppm FEE 2447 A7
7+ DNA &4do] A8 Yehvs A4S 81
I9ith DNA €4b) 13301 Caspase 39 gHE =27}
[Stel(Fig, 5) oleish AEe ol LAt ATA
& B AEEAS L‘rEP:H‘:F‘: & GAlgtt g
, hemé oxygenaser heme E3|A1A biliverding
/‘3*3 Y biliverdine biliverdin reductase®] #A-&& b
o} @&AE2 bilirubing AA3A BTt bilirubing A
Al WX A3 dtEE8-g 2= E401M bilirubin
o] A Z7|GAel 2H2-3H= heme oxygenase9] e
A AR REw 2] Oig AioF 2§ (Mahin
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Fig. 4. DNA electrophoresis of cells cuftured with copper
nanoparticles for 24 hours. Copper nanoparticles (4 ppm, 8
ppm) induced DNA fragmentation in cultured BEAS-2B cells.
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Fig. 5. Effect of copper nanoparticles on the caspase-3
activity. The cell lysaste was tested for protease activity by
the addition of a caspase specific substrate DEVD-pNA. The
cleavage of the peptide by the caspase releases the chro-
mophore pNA, which can be quantitated spectrophotometri-
cally at a wavelength of 405 nm.

A= Heme oxygenase-19] W8S S3ko|Ex o=z Z7}
Al Ag ¢ F Aen] E AkstE 2Eg el 3
% thioredoxin®] Hlol] #o33H= thioredoxin reductase
o] B E F7IATE ReE FAEACHFig. 6)Anne et
al., 2005).
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Fig. 6. Expression of heme oxygenase-1 gene and thiore-
doxin reductase gene. BEAS-2B cells were treated with cop-
per nanoparticles, 1, 2, and 4 ppm for 24 hrs. After total
RNA extraction, reverse transcription-polymerase chain reac-
tin was done and amplified again with the primers of heme
oxygenase 1 and thiroedoxin reductase, respectively. mRNA
of the heme  oxygenase and thioredoxin reductase were
shown to be greatly increased by the copper nanoparticles.
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