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Silver nanoparticles (AgNPs) are commercially used mainly as antibacterial reagents in wound dressing and deo-
dorant powders. However, the mechanisms underlying Ag toxicity in mammals are not fully understood. In the present
study, we assessed cellular distribution and toxicity of AgNPs and AgNO; in mouse macrophage cell line (J774.1) and
those of AgNOj; in human bronchial epithelial cell line (BEAS-2B) focusing on behavior of metallothionein (MT).
J774.1 cells were exposed to 0-100 ug Ag/mL AgNPs or AgNO; and BEAS-2B cells were exposed to 0-100 uM AgNO;
for 24 h. The cytotoxicity was assayed by a modified MTT method. The cellular concentration and distribution of Ag
were evaluated by inductively coupled plasma-mass spectorometry (ICP-MS) and laser scanning microscopy. Distribu-
tion of Ag to MT and other proteins was determined using HPLC-ICP-MS. Most AgNPs were found in lysosomes in
J774.1 at 3 h after post exposure. Ag was distributed to high molecular weight proteins in AgNPs-exposed cells, while
most Ag was bound to MT in AgNO;-exposed cells. In AgNOs-exposed BEAS-2B cells cellular Ag concentration and
Ag-bound MT (Ag-MT) were sharply increased up to 3 h and then decreased. ROS production appeared to cause reloca-
tion of MT-bound Ag to mitochondria, which evoked inhibition of electron transport chain. AgNPs were sequestered by
high-molecular weight proteins rather than MT, probably because they were taken up by lysosomes before induction of
MT.

Key words——silver nanoparticle; metallothionein; mitochondria; reactive oxygen species; inductively coupled plasma-
mass spectorometry
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Fig. 1. Distribution and Behavior of Silver in Human Bron-
chial Epithelial Cells
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P, FEtE, BEEEEO4EBIZODWTHENT 5.
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M= AZFET LT L0, WML & ek
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REFRNRBENTNWEIENS, HHET Y NIRRT
2 HHsAEE D@L, Ml O@MERLE, a2~ o
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No. 6

5 NV BEMEERT DN END ZEICEH
THEORFEERWE., £, BF R TOREE
BT 5720, 19 EEICLT1% T mMET7 VT
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BEAS-2B ffifdiC BN T HEREICHE I N TS, 9
RIZ, WHEEER &R/ K FITB T 2 MIBEN O8R 51
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Fig. 2. Cellular Distribution of Silver Nanoparticles in Mouse
Macrophages
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Mg 24 A=Y FFE SI51E, Ko H
U 7z & @ 2 [E 1258 BREEff 9% HPLC-ICP-MS 72
E, INSOEBFIEEZHAGDODETHEAL TS
Z ENERF R T OFEME IEMICHEET 5 L TEE
EEZOND., SBOMT JRT OB Z
S OEFEIREHETFIEDY, Bz 6 LW AR ORE
ED I ENFITRS Z &R L 20,



728 Vol. 134 (2014)
(2011).
REFERENCES 19) Greulich C., Diendorf J., Simon T., Eggeler
1) Dempsey E. W., Wislocki G. B., J. Biophys. G., Epple M., Kéller M., Acta Biomater., 7,
Biochem. Cytol., 1, 111-118 (1955). 347-354 (2011). '

2) Atiyeh B. S., Costagliola M., Hayek S. N., 20) Kim S., Choi J. E., Choi J., Chung K. H.,

Dibo S. A.. Burns, 33, 139-148 (2007) . Park K., Yi J., Ryu D. Y., Toxicol. in Vitro,
3) Lansdown A. B., Curr. Probl. Dermatol., 33, 23, 1076-1084 (2009) .
17-34 (2006) . 21) Hussain S. M., Hess K. L., Gearhart J. M.,

4) Drasch G., Gath H. J., Heissler E., Schupp I., Geiss K. T., Schlager J. J., Toxicol. in Vitro,
Roider G., J. Trace Elem. Med. Biol., 9, 82— 19, 975-983 (2005) .

87 (1995). 22) Upadhyay D., Panduri V., Ghio A., Kamp D.
5) Viala A., Gilles G., Sauve J. M., Alibert J. P., W., Am. J. Respir. Cell Mol. Biol., 29, 180~
Toxicol. Eur. Res., 2, 47-53 (1979). 187 (2003). '
6) Lansdown A. B., Adv. Pharmacol. Sci., 2010, 23) Hiura T. S., Li N., Kaplan R., Horwitz M.,
910686 (2010). Seagrave J. C., Nel A. E., J. Immunol., 165,

7) Fung M. C., Weintraub M., Bowen D. L., 2703-2711 (2000).

JAMA., 274, 1196-1197 (1995) 24) Hiura T. S., Kaszubowski M. P., Li N., Nel
8) Bleehen S. S., Gould D. J., Harrington C. 1., A. E., J. Immunol., 163, 5582-5591 (1999).

Durrant T. E.. Slater D. N.. Underwood J. C. 25) Kabritiski A. K., Talanta, 46, 335-346 (1998).

Br. J. Dermatol., 104’ 19-26 (1981) . 26) Kagl J. H., Kojima Y., Experientia Suppl, 52,
9) Takenaka S., Karg E., Roth C., Schulz H., 25-61 (1987).

Ziesenis A., Heinzmann U., Schramel P., 27)  Lansdown A. B., Wound Repair Regen., 10,

Heyder J., Environ. Health Perspect., 109 130-132 (2002).

(Suppl. 4), 547-551 (2001). 28) Lansdown A. B., Sampson B., Laupattarakas-

10) Lansdown A. B., Crit. Rev. Toxicol., 25, 397— em P., Vuttivirojana A., Br. J. Dermatol.,
462 (1995) . 137, 728-735 (1997).

11) Hostynek J. J., Hinz R. S., Lorence C. R. 29) Naranmandura H., Xu S., Sawata T., Hao W.
Price M., Guy R. H., Crit. Rev. Toxicol., 23, H.,LiuH., BuN., Ogra Y., Lou Y. J., Suzuki
171-235 (1993) . N., Chem. Res. TOXiCOl., 24, 1094-1103

12) Drake P. L., Hazelwood K. J., Ann. Occup. (2011).

Hyg., 49, 575-585 (2005) . 30) Wang Y., Fang J., Leonard S. S., Rao K. M.,

13) Hidalgo E., Dominguez C., Toxicol. Lett., 98, Free Radic. Biol. Med., 36, 1434-1443 (2004) .
169-179 (1998). 31) Miyayama T., Arai Y., Suzuki N., Hirano S.,

14) Rungby J., Hultman P., Ellermann-Erikson Toxicology, 305, 20-29 (2013).

S.. Arch. Toxicol., 59, 408-412 (1987). 32) Braydich-Stolle L., Hussain S., Schlager J. J.,

15) Baldi C., Minoia C., Di Nucci A., Capodaglio Hofmann M. C., Toxicol. Sci., 88, 412-419
E., Manzo L., Toxicol. Lett., 41, 261-268 (2005) .

(1988) . 33) LiP.W.,KuoT.H., ChangJ. H., Yeh J. M.,

16) Foldbjerg R., Olesen P., Hougaard M., Dang Chan W. H., Toxicol. Lett., 197, 82-87
D. A., Hoffmann H. J., Autrup H., Toxicol. (2010)..

Lett., 190’ 156-162 (2009) . 34) Tang J., Xiong L., Wang S., Wang J., Liu L.,

17) LiN., Sioutas C., Cho A., Schmitz D., Misra Li J., Yuan F., Xi T., J. Nanosci. Nano-
C., Sempf J., Wang M., Oberley T., Froines technol., 9, 4?24_4932 (2009)..

J., Nel A., Environ. Health Perspect., 111, 35) SunglJ. H., JiJ. H., Park J. D., Yoon J. U,
455-460 (2003). Kim D. S., Jeon K. S., Song M. Y., Jeong J.,
18) Teodoro J. S., Simoes A. M., Duarte F. V., HanB.S., Han J. H., Chung Y. H., Chang H.

Rolo A. P., Murdoch R. C., Hussain S. M.,
Palmeira C. M., Toxicol. in Vitro, 25, 664—670

36)

K.,LeeJ. H.,,ChoM. H., Kelman B. J., Yul.
J., Toxicol. Sci., 108, 452-461 (2009).
Trickler W. J., Lantz S. M., Murdock R. C.,



No.

729

37)

38)

39)

40)

41)

Schrand A. M., Robinson B. L., Newport G.
D., Schlager J. J., Oldenburg S. J., Paule M.
G., Slikker W. Jr., Hussain S. M., Ali S. F.,
Toxicol. Sci., 118, 160-170 (2010).

Lee Y. S., Kim D. W., Lee Y. H.,, Oh J. H.,
Yoon S., Choi M. S., Lee S. K., Kim J. W.,
Lee K., Song C. W., Arch. Toxicol., 85, 1529—
1540 (2011).

AshaRani P. V., Low Kah Mun G., Hande M.
P., Valiyaveettil S., ACS Nano, 3, 279-290
(2009) .

Asharani P. V., Hande M. P., Valiyaveettil S.,
BMC Cell Biol., 10, 65 (2009) .

Foldbjerg R., Dang D. A., Autrup H., Arch.
Toxicol., 85, 743-750 (2011).

El Badawy A. M., Scheckel K. G., Suidan M.,
Tolaymat T., Sci. Total Environ., 429, 325—

42)

43)

44)

45)

46)

331 (2012).

Tejamaya M., Romer I., Merrifield R. C.,
Lead J. R., Environ. Sci. Technol., 46, 7011—
7017 (2012).

Cronholm P., Karlsson H. L., Hedberg J.,
Lowe T. A., Winnberg L., Elihn K., Wallinder
I. O., Moller L., Small, 9, 970-982 (2013).
Haase A., Mantion A., Graf P., Plendl J.,
Thuenemann A. F., Meier W., Taubert A.,
Luch A., Arch. Toxicol., 86, 1089-1098
(2012).

Carlson C., Hussain S. M., Schrand A. M.,
Braydich-Stolle L. K., Hess K. L., Jones R.
L., Schlager J. J., J. Phys. Chem. B, 112,
13608-13619 (2008) .

Miyayama T., Arai Y., Hirano S., Nihon
Eiseigaku Zasshi, 67, 383-389 (2012).



