011

Gene symbol Description Fold.change
Homo sapicns Rho GTPas¢ activating protein 26 (ARHGAP26), transcript variant 1, mRNA
ARHGAP26 -1.07
[NM_015671})
HPGD Homo sapiens hydroxyprostaglandin dehiydrogy 15-(NAD) (HPGD), mRNA [NM_000860) -1.07
CPN1 Homo sapiens carboxypeptidase N, polypeptide 1 (CPN1), mRNA [NM_001308] -1.06
Homo sapiens peroxisome proliferator-activated receptor gamma, coactivator 1 alpha
PPARGCIA -1.06
(PPARGCIA), mRNA [NM_013261]}
Homo sapiens major histocompatibility complex, class 11, DP beta 1 (HLA-DPBI), mRNA
HLA-DPBI1 . -1.06
[NM_002121])
BCMOL Homo sapiens beta-carotene 15,15"-monooxygenase 1 (BCMOI1), mRNA [NM_017429] -1.08
Homo sapicns protein kinase C and casein kingse substrale in neurans 1 (PACSIND, mRNA
PACSINI -1.08
NM_020804]
RIPK4 Homo sapicns receptor-interacting serine-threonine kinase 4 (RIPKA), mRNA [NM_020639] BRI
Homo sapiens carcinogmbryonic antigen-related cell adhesi lecule & {non-specific cross
CEACAM6 -1.04
reacting antigen) (CEACAMG), mRNA [NM_002483]
FGA Homo sapiens fibrinogen alpha chain (FGA), transcript variant alpha, mRNA [NM_021871) L0
Homo sapicns G protein-coupled receptor 37 (endothelin receptortype B-like) (GPR3T),
GPRA7 BRG]
mRNA [NM_005302)
Homo sapicns solute carrier family 23 (nucleobase transporters), member 2 (SLC23A2),
SLC23A2 -1.04
transeript variant 2, mRNA [NM_203327)
CDH17 Homo sapicns cadherin 17, LI cadherin (liver-intesting} (CDH17), mRNA [NM_004063] -4
UPKIB Homo sapiens uroplakin 1B (UPK1B), mRNA [NM_006952] -1.03
Homo sapiens solute carrier family 22 {(ext onal ma inc transporter), member 3
SLC22A3 <103
(SLC22A3), mRNA [NM_021977]
Homo sapiens complement component 4 binding protein, alpha (C4BPA), mRNA
C4BPA -1.03
[NM_000715]
CSorf23 Homo sapicns chromosome 5 open reading frame 23 (CSorf23), mRNA [NM_024563] -1.03
Homo sapicns homogentisate 1,2-dioxygenuse (homogentisate oxidase) (HGD), mRNA
HGD -1.03
[NM_000187]
CCND3 Homo sapicns cyclin D3 (CCND3), transcript variant 2, mRNA [NM_001760) -1.02

Gene symbol Description Fold-chunge

RAPFIGAP Home sspiens RAPT GTPase activating protein (RAPIGAP), mRNA [NM_002885] -102
Homo sapiens thromboxane A synthase 1 (platelet) (TBXASY), transeript variant TXSAI,

TBXASI -1.02
mRNA [NM_030984]

CPNEA Homo sspiens copine IV (CPNE4), mRNA [NM_130808) -1.01

MAR? Homo sapiens microtubule-associated protein 7 (MAPT), mRNA [NM_003580} 101

FS Homo sapiens fation factor V (pr lerin, fabile factor) (FS), mRNA [NM_000130] -1.01

SMCIA Homo sapiens structural maintenance of chromosomes 14 (SMC1A), mRNA [NM_006306] -1.01
Homo sapiens fibroblast growth factor receptor 3 (FGFR3), transcript variant 1, mRNA

FGFR3 -1
[NM_000142]

SYT6 Homo sapiens synaptotagmin VI (SY16), mRNA [NM_205848] -1.01

PDZK1 Homo sapiens PDZ domain containing } (PRZK ). mRNA [NM_(02614] SE

NCALD Homo sapiens neurocalcin delta (NCALD), transeripl variant 7, mRNA [NM_0U1040630) -1.00
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Table 83 List of the Genes Up-regulated by 20 pg / mL of ZnCl,.

Gene symbol

Description Fold-change
MTIF* Homo sapiens metallothioncin 1F (MTIF), mRNA [NM_D05949] 3.53
Homo sapiens chemoking (C-X-C motif) ligand I {melanoma growth stimulating activity,
CXCL1 1.87
alpha) (CXCL1), mRNA [NM_001511]}
MT2A" Homo sapiens metatlothionein 2A (MT2A), mRNA [NM_005953} 1.54
MTIG> Homo sapiens metaliothionsin 1G {MT1G), mRNA [NM_005950] 1.53
Homa supicns chromosome 15 open reading Frame 48 (C150ri48), transcript variant 2, mRNA
Clsorf4s 1.46
[NM_032413]
MTIA* Homo sapiens metallothionzin 1 A (MT1A), mRNA [NM_005946) 1.45
ZDHHC2! Home sapiens zine finger, DHHC.type containing 21 (ZDHHC21), mRNA [NM_178566] 140
Homo sapiens angiogenin, ribonuclease, RNase A family, $ (ANG), transeript variant 1, mRNA
ANG 1.35
[NM_001145)
MTIH* Homo sapiens metullothionein 1H (MT1H), mRNA [NM_005951) 1.34
ccLs Homo sapiens chemokine (C-C motif) ligand 5 (CCLS), mRNA [NM_002985] 131
Homo sapiens $TT3, subunit of the ol harylir plex, homolog B (8.
STT3B 131
cerevisiac) (STTIB), mRNA [NM_178862]
MTIX~ Home sspiens metallothioncin IX (MT1X), mRNA [NM_005952] 1.29
Homo sapiens dehydrogensse/reductase (SDR family) member 2 (DHRS2), transcript variant 1,
DHRS2* 124
mRNA [NM_182908]
SCD Homo sipiens tearoyl-CoA desaturase (delta-9-desalurase} (SCD), mRNA [NM_005063] 1.22
iLs Homo supiens interleukin 6 (interferon, beta 2) (IL6), mRNA [NM_000600] 120
GLBIL Homo sapiens palnctosidase, beta 1-Yike (GLBIL), mRNA [NM_024506) 118
up Homo sapiens junction plakoeglobin (JUP), transcript variant |, mRNA [MM_002230] 1.14
ANPEP Homo supiens alany! (membeane) aminopeptidase (ANPEP), mRNA [NM_001150] 112
HHIPL2 Homo sapiens HHIP-like 2 (HHIPL2), mRNA [NM_024746] 11
Cléorf73 Homo supiens chromosume 16 open reading frame 73 (C160rf73), mRNA [NM_152764] 110
MTiB* Homo sapiens metailothionein 18 (MT1B), mRNA {NM_005947} 109

Gene symbol Descripton Fold-change

Hoimo sapiens v-mal musculoaponeurotic fibrossrcoma oncogene homolog K Gavian) (MAFKS, Lo

MAFK A
mRNA [NM_002360]

NMB Homo sapiens nearomedin B (NMB), transcript variant 1, mRNA [NM_021077] 1.06
Homo sapiens cdoplasmic reticul inopeplidase 2 (ERAP2), transcript variamt 1, mRNA

ERAPZ 108
[NM_022350]

ULK1 Heomo sapiens une-S1-like kinase 1 {C. clegans) (ULK ), mRNA [NM_003565] 1.05

NNMT Homo sapiens nicatinamide N-methylransferase (NNMT), mRNA [NM_006169} 1M

CRYAB Homo sapiens crystallin, alpha B (CRYAB), mRNA [NM_001885} 1.03

SNXIG Homo sapicns sorting nexin 10 (SNX10), mRNA [NM_013322] 1.0
Homo supiens programmed cell deathy 4 plastic tr b APDCDM),

PDCDA ]

trenscript vaniant 2, mRNA [NM_145341]

ZI0Z ‘TI1-06 ‘(Z)p suroipaworg ouny * spnwdouny apix0 auty fo &orxef “ip 12 Buvnyy



(48!

Table 84 List of the Genes Down-regulated by 20 pug / mL of ZnCl;,

Gene symbol Description Fold-change Gere symbol Description Fold-change
TMEM27 Homoe sapiens ransmembrane protein 27 (TMEM27), mRNA [NM_020665) -1L.66 KIF20A Homo sapiens kinesin family member 20A (KIF20A), mRNA [NM_005733) -1.08
QK1 Homo sapiens quaking homolog, KH domain RNA binding (mouse) (QKI), transcript variant 1, 144 ANKAS Homo sapicns annexin A3 {ANXA3), mRNA [NM_005139} -1.08

mRNA [NM_006775] .
SET Homo sapiens SET nuclear oncogene (SET), transaipt vasiant 2. mRNA [NM_003011) -1.07
CPM Homo sapiens carboxypeptidase M (CPM), transcript variant 1, mRNA [NM_001874] -1.43
SLOC2TA2 Homo sapiens solite camier family 27 (fatty acid transporter), member 2 (SLC2TA2), mRNA 106
BTN2AL Homo sapiens butyrophilin, subfamily 2, member Al (BTN2A1), transcript variant 2, mRNA 138 [NM_003645] :
[NM_078476] TR PTBPI Homao sapiens polypyrimidine tract binding protein | (PTBP1), transcript variant [, mRNA 106
Hspooanl  Homo sapicas heat shock protein 90KDa alpha (cytosolic, class A member 1 (HSPOUAAL), 133 (MM 002819
Iranscript variant 2, mRNA [NM_005348] - [Helele] Homo sapiens UDP-glucoss ceramide glucosyliransferase (UGCG), mRNA [NM_003358] -1.06
Homo sapicns. uveal autoantigen wilh  coiled-coil domains and ankyrin repeats (UACA), ) -
UACA trenscript variant 2, mMRNA [NM_001008224] -1.3 SGR493 Homo sapiens protein Rinase-like protein SgK493 {SGR4%3), mRNA [NM_138370) 105
FAMS3D ‘;::;"03?;’1‘;']‘3 family with sequence similarity 83, member D (FAMS3D), mRNA 132 NFE2LA Homo sipiens nuctear fastor (erytiroidederived 2)-like 3 (NFE2L3), mRNA [NM_004289] 405
- X TROVE2 Homo supiens TROVE domain family, member 2 (TROVE2) transeript vaciant 1, mRNA o
LEPROT Homo sapiens leptin receptor overlapping transcript (LEPROT), mRNA [NM_017526] -1.28 [NM_001042369) -+
MGCI207 Homo  sapiens uaqslmio{u initiation fuctor ¢IF-2B subunit alphabeta’deha-dike protein A
CENPA Homo sapiens centromere protein A (CENPA), transcript variant 1, mRNA [NM_001809] -1.27 (MGC3207), transcripl variuil 1, mRNA [NM_001031727) ’
LMNB2 Homo sipiens lamin B2 (LMNB2), mRNA {NM_032737] -1.03
. . . . L
PABPC3 Homo sapiens poly(A) binding protein, cytoplasmic 3 (PABPC3), mRNA {NM_030979] 1.22 _— Homo sipiens phosphoribosyl pyraphosphiale s 2 (PRPSY), transcript varimt 1, -
o mRNA [NM_(01039091] -
CAV3 Homo sapicns caveolin 3 (CAV3), transcript variant 1, mRNA [NM_033337) -1.20 T o .
1GFBR? Homo saplens insulin-like growth factor binding protein 7 (IGFBPT), mRNA [NM_001553] 103
CPA4 Homo sapicns carboxypeptidase A4 (CPA4), mRNA [NM_016352] -1.19 CCNBL Homo spiens eyclin BI (CONB1), mRNA [NM_031966] L0
IRS1 Homo sapiens insulin receptor substrate 1 (IRS1), mRNA [NM_005544] -1.18
BAT2D1 Homo sapiens BAT2 domain containing 1 (BAT2D1), mRNA [NM_015172] <117

MYLK Homo sapiens myosin light chain kinase (MYLK), transcript variant 1, mRNA [NM_053025] 145
PL-5283 Homo sapiens PL-5283 protein (PL-5283), mRNA [NM_001130929] <112

KIAA0802 Homo sapicns KIAA0802 (KIAA0802), mRNA [NM_015210]} -1.12

DDX6 Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 6 (DDX6), nRNA [NM_004397] -1

C8orf38 Homo sapiens chromosome § open reading frame 38 (C8orf38), mRNA [NM_152416) -1

GOSRI Homo sapiens golgi SNAP receptor complex member 1 (GOSRI), transeript variant 1, mRNA 110

[NM_004871] :

AK3 Homo sapicns adenylate kinase 3 (AK3), nuclear gene encoding mitochondrial protein, mRNA 109

{NM_016282] :
ZNF319 Homo sapiens zinc finger protein 319 (ZNF319), mRNA [NM_020807] -1.08
PDCDS Homo sapiens programmed cell death 5 (PDCDS), mRNA [NM_004708] -1.08
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Migration of Eight Harmful Elements from Metal Accessories
That Infants May Swallow by Mistake
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Division of Environmental Chemistry, National Institute of Health Sciences;
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan.
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The International Standard ISO 8124-3:2010 ‘‘Safety of toys—Part 3: Migration of certain elements’’ controls the
levels of migrated eight harmful elements (antimony, arsenic, barium, cadmium, chromium, lead, mercury and seleni-
um) from infants toys. Moreover, the Japanese Food Sanitation Law controls the levels of migrated lead from metal ac-
cessory toys. However, the levels of migrated harmful elements from metal accessories that are not infants toys are not
controlled, since they are not covered by the ISO Standard or the Food Sanitation Law. Therefore, we investigated the
level of eight harmful elements migrated from metal accessories that infants may swallow by mistake. The extraction test
of ISO 8124-3:2010 was executed in 117 products (total 184 specimens), and the concentration of these eight elements
was measured by inductively coupled plasma mass spectroscopy (ICP-MS). As a result, 28 and one products released
lead and cadmium beyond the maximum acceptable levels of the ISO standard, respectively. Metal accessories that in-
fants may swallow by mistake should ideally not release harmful elements such as lead and cadmium.

Key words—Ilead; cadmium; metal accessory; ISO 8124-3:2010; inductively coupled plasma mass spectroscopy (ICP-

MS)
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Table 1. Maximum Acceptable Element Migration from Toy
Materials Required by ISO 8124-3:2010

Element (mg/kg)
Sb As Ba Cd Cr Pb Hg Se

Toy material

Any toy material ex-
cept modelling clay
and finger paint

Modelling clay and fin-
ger paint 60 25 250 50 25 90 25 500

60 25 1000 75 60 90 60 500
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ELEZ ZFO/RRE —HORRNS ~EBEEBAD
SROBHMNED 5N, 3 HEH)TRUOERAEEE >~
Y —3EEBEREEIT o 10 £, FER 22 FE
KEEFMEICROIBBEHEEREESY —WEITLD
L, NEOBEMEHRDOD D, WSxNE&BERKICK
HHDTHo. WAL, EEREOETY - Ny
FMAETS, $BREIHERINS T 7T U— (N
TEY, RS RUORERBERA NI v T,
F—FRNF =72 E) AN BRLLHITE-
21 X TR U] WO EENHESI N TN
5. MEOMODEELFEESAH LLEREZALNR
R L= 56, BEHEEEEZTREND .
FIT, AHBIEKT LA OH D EER T Y
Y %2R, ISORBLEHRKTHEIIN
TWHEE8THE (FoFE>, bBHE, NUDL,
AARITL, 0L, $, KERFEL ) OEH
BIZOWT, 7407 v THEEZEML .

5 &

1. B ERBESHMS LLAETIZ, ®
HEAN OB D/NFESE T, ANEIRET 2 nlfetE
DHHDREZIORBET /0 —% 117 B %2
AL7 (Table2). #EIITHLLT CHAF L%
fi7e® D2 REY, BAICEL TEEERIZEE L )
oz, BEORRNS, PEE 438G EEE 1S
B, AAKMSHEKUOAHSIIERTHE, £
7z, ASENERKT HEEEDOH S RESE, B

Table 2. Number of Products and Specimens by the Com-
modity Classification

Commodity Number of Number of

classification products specimens
Straps 30 65
Accessory parts 21 22
Hairpins 20 20
Necklaces 17 42
Charms 9 9
Rings 6 6
Fastener straps 4 4
Bracelets 3 8
Earrings 3 3
Cufflinks 2 2
Pin badges 1 2
Buttons 1 1
Total 117 184

EAERICEDL TR, RNYEORKEE 4
BB THET S HEEZRDRRNICEML
WIREETEWEEEZIINELBDE L7z, 10 85
ARG EETREIR R AR & U7z G 184 1K),

2. AE FLAEeENEAER FOIETE
et &, MKEEEE EIx UV S (HAI Y
R B RO MK S &2 E Milli-Q Syn-
thesis A10 (HAI URTHAEH) Z2HVWTHE
UMKk THERL, @HEBRAOD 0.07 mol/L 1§
AR L. FFE, BER, NUDLA, AR
2L, ZOh, B, KERTEL > OE 1000 mg
/L W (Fnyesisk T4 Wiz 0.07
mol/L B ZHWNWT, LK 8LFED 10mg/L RS
R A RSB L /2. ZOREERE 0.07 mol/L HE
TEPETRINL, REFIERAOREGEERZHEL
. 1 MIOUARDY U TAD Lug/L IR (7
DL h T Y%A ENEERKE
L7

3. HERUVAERYE FEHASTIAVHEHE
434 (ICP-MS) 1ZVd, Agilent 7500ce ORS ICP-MS
(7YL b Frony—KkRem) 2EHELE.

ICP-MS OBIFESLMEE, EEEHS - 1500w,
TS5 ZAIH A Ar15L/min, F¥ U T H A Ar
0.7L/min, AA %7 v 7H A :Ar0.33L/min, I
)23 >H A :HeSmL/min, ¥ > 7Y >
&:7.8mm, AL —F v N—iRE:2C, &y
BERA : 0.1s/element (ZL > Z2BR< 7xE) kU1
s/element (£ 1L 2), BIFEEIE : 3 times & L7z,
HIETTHERONEETRELGICENS OHIEEEK
(m/z) 7% Table 31Z/RL /-,

4. ABRIAOFAE REOEEZED, WE
#40mm ORY OB L CEAIRICAN, 37°CIT
HE U 7= ¥8 a4 Bk A 0.07 mol/L 1 E % 3Bl 138
THETMATERL, #XL T37°C T2 RHK
BLEE, RYHAX045um DA T LT 1)l
F— (FIFUDR - AHMOZT R - Py

Table 3. Determined Elements, Internal Standards and Their
Mass Numbers

Determined element Sb As Ba Cd Cr Pb Hg Se
Mass number (m/z) 121 75 137 111 53 208 202 82

Internal standard Y Y Y Y Y TI Tl Y
Mass number (m/z) 89 89 89 89 89 205 205 89
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Xt TABL, dBRBRE L. B, BER
DHEREIZINED L DT, HEIZH LU TO0.07mol/L
R % FH T 100 £520 5 10000 fEICAR L 7=,

5. BB EAEERO ICP-MSHEIENS, N
EHERIC X DMEBREIER U7z, 1ERRL ZRERN
SiBIAR T ORPETLFEDORE Z5RD, KRITEX
DABRICHL 72K 1 kg 720D OEHE (ng/kg)
EEHUZ.

BHHE (mg/kg)

_ B R OIRE (mg/L) X BiA RO A & (L)

BIRE & (kg)

BREEEOBD S - OHKELMER T ISO A
BT, MBRIEOTRILDD, S E
W ONNMEEMIET 5 Z EDNHEINTNS,
SEORABIBAEEFEOB DB > OHBEUER S
ISO B ZEHENOEMEZHET 2 Z ENEMT
272NWDT, SMEHEMEEIERE LMol £z,
ISO ItB%a#gTid, BHHEEME® 1/10 Z#lE
TRRE S L TWa0, SEIIAEHEEMD 1/100 %
HIETRMEE Lz, b, RBREKRD ICP-MS #
FEICBIT2mE TRELRVERZ FREZ, 75270
BEOEEREDFNTNIHERE10fF5E LD

f& ES

1. ICP-MSRIEEDIEE  ICP-MS HIE BT
LEBETHEORILTRME, EE2FREXRINY 2
752 RIg4EE (BEC) % Table4ZmL7z. 4
| D ICP-MS BIEIZB T B/ FREMEIE, Wwihn
OBRFEITRITDNTD ISO Bt B L LK OIS HIE
EfE (Table 1) @B EXF 1/100000 IZAHY T 2 EE
THV, RBRBEBOBPEIZICP-MS ZHNE T &
IZETH 5.

2. MREAOFHEAR # HTRIVLKD
JOLRDWT, EaEN OISO B Z= &k
DOEHEEME (Table 1) @ 1/10 AT OR % (B
R, EHBREMD 1/10 282 EHBEEMLT O

B (BEE) KOS HREME %8 A 7= 8 R
(A% Z2FNFh Table 5-7 1R L7-. F/=,
HETLEONTNMNAEHIBREME (Table 1) %l
A8 (BE) RUOENSOEBIETLROBHE
ZZFNZFN Fig. 1 XU Table 8 IZ;xL72. AbTw
7, T T ==Y, Fr—»LA, ATE, F
v 7 L A7 E 28 B (30K MRHIEEME (90
mg/kg) EWASHERHL, T 5HIT26 85 (31
AR MR EME D 1/10 28 2 W HEE M T
Dz L7z (Table 5). F+—21 (No. 16; 569
mg/kg), 77 tHU—X—VDEO (No. 15-1;
523 mg/kg), AT v T D&E (No. 1-2; 501 mg/
kg) ROT7 78U —)\—Y (No. 14; 461 mg/kg)
MEHBEEM (90mg/kg) DS5SEEBEADHEE
HU7~ (Table8). £/, 7L AL vk (No.26;
160mg/kg) @ 185 (1A NEHEEE (75
mg/kg) A DI RITLERHEL (Table 8),
S oI s B (5B PNEHEREMD 1/10 28
ZEHBREMBLTON R U LERBH L= (Table
6). BHIREM (60mg/kg) A DI OLER
HUZ8mTR<, 685 THEF) MEHEEME
D 1/10 ZEAEHBREBLTO /O LZ BN L 2
(Table 7). 728, HHIREMD 1/10 28BA 27 >
FE, BEFE, NUTL, KBROEEZL ERHEL
8 (BRI oz,

% £

BEREEEDL, RECERTHE LOBEDH
EORIEEZENETHHDOTH S, ALHEREIC
i, ASENROKEMT LI LE2ZF0REETEH
HHEONEET D ERVC—TFEHOAL RITHD
FOICHBHDE2HICAND ENWIHENH S &
FZOHMANS, FEICEDE, AHENEMT S Z
LKV ZOREZERIBEFNNHDHDELT
BABBRESEET 55E (BEBbbe) 2
EIN, BERHBEKVCEERENZEINTY

Table 4. Detection Limits, Determination Limits and Background Equivalent Concentrations (BEC) in ICP-MS

Element Sb As Ba Cd Cr Pb Hg Se

Detection limit? (ng/L) 12.8 21.3 15.4 3.08 38.8 89.3 9.65 32.2
Determination limit® (ng/L) 42.7 71.1 51.4 10.3 129 298 32.2 107
BEC (ng/L) 77.1 14.4 52.2 8.11 197 593 84.6 104

2 Three times of the standard deviation of a blank. ® Ten times of the standard deviation of a blank.
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Table 5. Migrations of Lead by the Commodity Classification

iassifieation Nomber of mmensy  <ome/ks ZUEIES. o0 me/kgi<
Straps 30( 65) 13( 47) 7C7) 10(11)
Accessory parts 21( 22) 12( 12) 4( 4) 5( 6)
Hairpins 20( 20) 15( 15) 2(2) 3(3)
Necklaces 17( 42) 7( 29) 7(10) 3(3)
Charms 9( 9) 4( 4 1D 4( 4)
Rings 6( 6) 1C D 4( 4 1C1)
Fastener straps 4 4 4( 4 0(0) 0( 0
Bracelets 3( 8) 14 1( 3) 1CD
Earrings 3( 3) 3 3) 0(0) 0( 0)
Cufflinks 2( 2) 2( 2 Q)] 0 0
Pin badges 1¢ 2) 1 2) 0(0) 0(0)
Buttons 1C D oC 0 (@) 1(1)
Total 117(184) 63(123) 26(31) 28 (30)
Frequency (%) 100(100) 54( 67) 22(17) 24(16)
2 Maximum acceptable migration of lead from toy materials required by ISO 8124~3:2010.
Table 6. Migrations of Cadmium by the Commodity Classification
assineation (Nomber of icsimensy  <7Smafke TOREMES 75 meg<
Straps 30( 65) 30( 65) 0(0) 0(0)
Accessory parts 21( 22) 20( 21) 1(1). 0(0)
Hairpins 20( 20) 20( 20) 0(0) 0(0)
Necklaces 17( 42) 14( 39) 33 0(0)
Charms 9( 9 9( 9 0(0) 0(0)
Rings 6( 6) 5( 9 1(1) 0(0)
Fastener straps 4 4 4 4) 0 0(0)
Bracelets 3( 8) 3( 8 0(0) 1(1)
Earrings 3( 3) 3(C 3 0(0) 0(0)
Cufflinks 2( 2) 2( 2) 0(0) 0(0)
Pin badges 1 2) 1( 2) 0(0) 0(0)
Buttons 1Cn 1 0(0) 0(0)
Total 117(184) 112(179) 5(5) 1(1)
Frequency (%) 100(100) 95( 96) 4(3) 1(1)

a Maximum acceptable migration of cadmium from toy materials required by 1ISO 8124~3:2010.

5. FRR2043 A 31 HIZ, BREEEICEDS
[R5, RINMEOHKELE) O (BHE0oXdE
OEMEIOHE) NKRESH, BT 7Y —
GEDS 5, AGNEBRPADBENNHDDHDIT
DT, $HOBEHEIIL Oug/e LR TRITIUIARS
BuEWIHEMNBMENEZ. 189 L, &EH
TreH) AU LBWEERT VY —
LZDHBEHSENSRHT MZTOMOEETLEITH
flanTsed, AYENBERLEGEOREXE
PR IN5.

SEEAE U ZASENRBPADBENDS D 548
My —ENTHBDODE, WTNHDILHE
MISO B R &M OEHIREM (Table 1) %8
AlDE 29850, BIEBEEIZ25%TH-o 2.
BiZ, "RITLZEHLEZ 18R EZRE, BHER
HUZERNEN o7z, $hideBEEAEUNOFKER
WECERELED, ThonsBEHLEZD TS L
bEINTWS, flziE, FHRAZEDOBREN
5RBEEFEORKBEELZBA D MOBRHEITHER
N, BRELEEOHISNAOHETH HH, ENKRE



No. 8 963

Table 7. Migrations of Chromium by the Commodity Classification

Siawsifcation (Nomber o ecimeng  <6me/kg  SEEKES G0me/ig<
Straps 30( 65) 29( 63) 12) 0(0)
Accessory parts 21( 22) 16( 17) 5(5) 0(0)
Hairpins 20( 20) 20( 20) 0(0) 0(0)
Necklaces 17( 42) 17( 42) 0(0) 0(0)
Charms 9( 9 9( 9 0(0) 0(0)
Rings 6( 6) 6( 6) 0(0) 0(0)
Fastener straps 4( 4 4( 4) 0(0) 0(0)
Bracelets 3( 8 3( 8 0(0) 0(0)
Earrings 3( 3) 3( 3 0(0) 0(0)
Cufflinks 2( 2) 2( 2 0(0) 0(0)
Pin badges 1C 2 1( 2) 0(0) 0(0)
Buttons 1C D 20( 20) 0(0) 0(0)

Total 117(184) 111177 6(7) 0(0)
Frequency (%) 100(100) 95( 96) 5(4) 0(0)

a Maximum acceptable migration of chromium from toy materials required by ISO 8124-3:2010.

Table 8. Migrations of Eight Elements from Products at Levels More than the Maximum Acceptable Levels of ISO 8124-3:2010

Element (mg/kg)

No. Product Specimen
Sb As Ba Cd Cr Pb Hg Se
1-1 decoration ndb nd nd nd nd 136¢ nd nd
1-2 Strap fitting nd nd nd 0.764 nd 501 nd nd
2 Strap fitting nd nd nd 1.07 nd 418 nd nd
Strap fitting nd nd nd nd nd 428 nd nd
4 Strap fitting nd nd nd nd nd 125 nd nd
5 Strap decoration nd nd nd nd nd 167 nd nd
6 Strap decoration nd nd nd nd nd 368 nd nd
7 Strap fitting nd nd nd nd nd 104 nd nd
8 Strap decoration nd nd nd nd nd 218 nd nd
9 Strap decoration nd nd nd nd nd 252 nd nd
10 Strap decoration nd nd nd nd nd 145 nd nd
11 Accessory part —a nd nd nd nd nd 123 nd nd
12 Accessory part — nd nd nd 21.3 nd 241 nd nd
13 Accessory part — nd nd nd 1.52 nd 129 nd nd
14 Accessory part — nd nd nd 1.24 nd 461 nd nd
15-1 decoration nd nd nd 2.23 nd 523 nd nd
15—  {iocessory part decoration nd nd nd 1.50 nd 312 nd nd
16 Charm — nd nd nd nd nd 569 nd nd
17 Charm — nd nd nd nd nd 296 nd nd
18 Charm — nd nd nd 2.24 nd 296 nd nd
19 Charm — nd nd nd 1.44 nd 330 nd nd
20 Hairpin — nd nd nd nd nd 166 nd nd
21 Hairpin — nd nd nd nd nd 112 nd nd
22 Hairpin — nd nd nd nd nd 145 nd nd
23 Necklace chain nd nd nd nd nd 200 nd nd
24 Necklace decoration nd nd nd nd nd 107 nd nd
25 Necklace decoration nd nd nd 1.63 nd 187 nd nd
26 Bracelet decoration nd nd nd 160 nd 0.680 nd nd
27 Bracelet decoration nd nd nd 1.14 nd 133 nd nd
28 Ring — nd nd nd 1.15 nd 139 nd nd
29 Button — ‘nd nd nd nd nd 139 nd nd

a2 Tested the whole product. ® Less than and equal to 1/100 of the maximum acceptable levels of 1ISO 8124-3:2010. ¢ The underline shows the migrations at levels
more than the maximum acceptable levels of ISO 8124-3:2010.
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No. 1-1 (decoration), -2 (fitting) No. 2 No. 3

No. 5 No. 6

No. 8 No. 9

No. 10 No. 11

No. 13 No. 14 No. 15-1 (right), -2 (left)

Fig. 1. Products That Released Lead at a Level More than the Maximum Acceptable Level of ISO 8124-3:2010
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Fig. 1. (Continued)
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H¥FFEHEMTENR U Z. 202 £/ bhbhdHA
RN AADBZND D 2 FKIE AT OBED K
ERRBIEREER SO O—HMS5mNEH T s &
EHMBELTVWS, X512, —H0oLYRIEIEKR
25000 mg/kg, 15310 mg/kg DEREEHTH I &
NHEIN, FENL VREERDZVRBIALIED
L6 DREZENBREEINTNS.

midrh iR, EHRERE, EMEREEE K
VEMEBEEEZECHEFERBILEDIDTHD,
B, AHBICHL T, —EL NIV Lo A
ET, HECHRORZEICEERYEL 52 5]k
HND 5. 229 KEEFRTHEE L > — (Centers
for Disease Control and Prevention) 1, /hNEDIn
FERRE D RMZE 10ug/dL EEDHTIND 29 X
51T, KEHEEHREZE2EZES (The U.S. Con-
sumer Product Safety Commission, CPSC) i3, &
HHREICL > T/NEOMFRIBED 10 ug/dL %
BiBT20EMT 5720, BHRMIC175ug 2B X
HREBWMTDHIENLNEIEEL TINS5
EFAZE L= 117 815 (184 k) 1D WT, B
(R 1S OmOBEHEEZREH L (Table
9. ArTIvT, TrEVUY—=N=Y, FuIL X
72 E 36 B (41 k) R () 1E%7%2D
175ug A D8HZEENL, RKERTY 7Y
J—)N—> (No. 14) ®5904ug THo/=. IhbH
Z/ANRARENS B &, KE CPSC 0#hE (175 ug)

EHADBOMEEBRT SAREESD D, et
FENDDEZEZBND,

SRR 18 FEICEME L /=AY, KIE CPSC 238
FELUZRBIE®ICHEDL, WEHEN0.06% %A
HEEIRAEHEZ 1T5ug IFET 240 E
BEPICEDWTHIE L., ZOHE, €™y Y
T —EHE MOEZDDIE, MEHEEAN 0.06%
EBAEOI0ELETH-72.9 512, hEEE
M0.06% xEA, AHENRKTHBETNOH S
66 LB DO L, SHAHEN 175 ug 2B A 7= DL 39
B TH - -3 KE CPSC 58t DA HI R B & 1SO
AR EHBEOBHRBRIIEBREENRERD, —&
ZKE CPSC a8t OVE B O F 23 8h DR H 1 4
BWERAIICH .2 N6 EEETDHE, DAET
MRENTVEEBHT V20 —FIZBNT, &
BEOHRZREBTA2HUSEOEETER 18 ENSH
FETEFEALKEIN TRV EEZZSNS, 4
NIRRT 2 RE O D& BH T v —%
DE&BEE, MPNRIVAREOHEETEZE
HUBWIENEELL, INSDOEETLEORE
B EEHTAEHNBETHSS.

KETIE, 2009 4E 8 HE Tz, THEARZOME
HE% 600mg/kg /5 300 mg/kg 17, FHLHBS
A I NSRBI REEOHEH &% 600 mg/kg
N5 90 mg/kg 12, TNFIUKET D LD ITHFIN
LI NZ.0 XI517, 20114 8 HETlT, FHH

Table 9. Migrations of Lead per Product or per Specimen by the Commodity Classification

Commodity

Number of products

175 pga<,

classification (Number of specimens) < 175 ug < 1750 ug 1750 ug<

Straps 30( 65) 19( 53) 11(12) 0(0)
Accessory parts 21( 22) 13( 13) 5(6) 3(3)
Hairpins 20( 20) 17( 17) 3(3) 0(0)
Necklaces 17( 42) 12( 36) 5(6) 0(0)
Charms 9( 9 5(C 5) 4( 4) 0(0)
Rings 6( 6 4( 4 2(2) 0(0)
Fastener straps 4( 4) 4( 4) 0( 0 0(0)
Bracelets 3( 8 1( 4 2(4) 0(0)
Earrings 3 3 3C 3) 0(0 0(0)
Cufflinks 20 2) 2( 2 0(0) 00
Pin badges 1 2) 1 2) 0(0 0(0)
Buttons 1( D oC o 1(D 0(0)
Total 117(184) 81(143) 33(38) 3(3)
Frequency (%) 100(100) 69( 77) 28 (21) 3(2)

2 Maximum acceptable migration of lead from children’s metal jewelries by CPSC policy.
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HMOOMEEREL 100mg/kg TTEBMTHELD I
HEN L DRI N~ 0 OAETIE, FAk 18 £L
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Abstract

The genotoxic effects of multi-walled carbon nanotubes
(MWCNTs) were examined by using in vitro and in vivo assays.
MWOCNTs significantly induced micronuclei in A549 cells and
enhanced the frequency of sister chromatid exchange (SCE) in
CHO AA8 cells. When ICR mice were intratracheally instilled with
a single dose (0.05 or 0.2 mg/animal) of MWCNTs, DNA damage
of the lungs, analysed by comet assay, increased. in a
dose-dependent manner. Moreover, DNA oxidative damage,
indicated by 8-oxo-7,8-dihydro-2’-deoxyguanosine and
heptanone etheno-deoxyribonucleosides, occurred in the lungs
of MWCNT-exposed mice. The gpt mutation frequencies
significantly increased in the lungs of MWCNT-treated gpt delta
transgenic mice. Transversions were predominant, and G:C to
C:G was clearly increased by MWCNTs. Moreover, many regions
immunohistochemically stained for inducible NO synthase and
nitrotyrosine were observed in the lungs of MWCNT-exposed
mice. Overall, MWCNTs were shown to be genotoxic both in
in vitro and in vivo tests; the mechanisms probably involve
oxidative stress and inflammatory responses.

Keywords: micronuclei, sister chromatid exchange, DNA damage,
gpt mutation, oxidative stress

Introduction

Multi-walled carbon nanotubes (MWCNTSs) are among the
most extensively researched and developed nanomaterials,
finding use in electrochemical devices and for many bio-
medical applications. Accordingly, the market for MWCNTSs

is predicted to grow on a global scale and would be released
into the human environment and subsequent inhalation
would occur, especially in workplaces. Since MWCNTSs are
not only nanosized particles, but also rod-shaped fibres with
a superbly high aspect ratio, their carcinogenic potential
have attracted attention over the years. In fact, mesothelioma
could be induced by a single intraperitoneal administration
of MWCNTs in both cancer susceptible p53*~ mice and
F344 rats (Takagi et al. 2008; Sakamoto et al. 2009). Although
intraperitoneal application is not relevant to human expo-
sure, the findings point to possible major hazard.

Due to high cost and the need for special equipment for
inhalation studies to create mock conditions for the situation
of human exposure, only a few reports on MWCNT inhalation
are available so far (Porter et al. 2010; Morimoto et al. 2011).
On the other hand, intratracheal instillation is less expensive
and more easily performed, and there have been several
reports of MWCNT exposure by this route using rats
(Takaya et al. 2010; Reddy et al. 2012; Morimoto et al.
2011). MWCNTs induced strong inflammatory reactions,
including formation of granulomas and fibrosis in the lungs.
Translocation into lung-associated lymph nodes was also
observed in mice and rats with both inhalation and
intratracheal exposure (Porter et al. 2010, 2002; Ellinger-
Ziegelbauer & Pauluhn 2009; Pauluhn 2010a). In addition
to MWCNT-induced pulmonary toxicity, genotoxicity, such as
micronucleus induction, chromosome aberration and DNA
damage, using in vitro and in vivo assay systems have been
reported and are a little controversial (Wirnitzer et al. 2009;
Asakura et al. 2010; Ghosh et al. 2011; Patlolla et al. 2010a,b,c;
Migliore et al. 2010). For example, Wirnitzer et al. reported
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that MWCNTs demonstrated neither cytotoxic, clastogenic
activities against mammalian cells nor bacteriotoxic, muta-
genic activities for bacterial strains. However, most reports
revealed that MWCNTs, indeed, are genotoxic and clasto-
genic for cultured mammalian cells, plants and mice. Among
these, chromosomal damage by carbon nanotubes (both
single-wall and multi-wall) has been well documented
(Asakura et al. 2010; Muller et al. 2008; Sargent et al. 2009,
2011 unpublished data). However, in vivo genotoxicity
including mutagenicity of MWCNTs has not been fully elu-
cidated vyet.

The present study, therefore, aimed to examine the gen-
otoxicity/clastogenicity of this nanomaterial, MWCNTs, in
both in vitro micronucleus and sister chromatid exchange
(SCE) tests. Genotoxic effects were also examined by in vivo
comet assay, DNA adduct formation and mutation assay
using wild type and transgenic mice. In the present study,
MWCNTSs were, thereby, demonstrated to be genotoxic both
in in vitro and in vivo tests, and possible mechanisms were
also suggested. Finally, health concerns raised by the use of
MWCNTs are also discussed.

Materials and methods

Materials

High-purity MWCNTs (MITSUI MWCNT-7, identical to those
used in the Fischer 344 rats study of Sakamoto et al. 2009)
were provided by Mitsui & Co., Ltd. (Ibaraki, Japan).
MWCNTSs were suspended in saline containing 0.05% Tween
80 (Nacalai Tesque, Kyoto, Japan) and sonicated well on ice.
Width distribution of MWCNTSs used in the present study
indicated a Gaussian distribution with a peak at 90 nm,
and more than 80% of particles belonged in a range of
70-110 nm. The length of MWCNTs distributed with a
peak at 2 pm, and more than 70% of particles belonged in
a range of 1-4 um (Sakamoto et al. 2009). Detailed infor-
mation, such as elemental contents of MWCNTSs, can be
found in a previous report (Sakamoto et al. 2009).

Standards of DNA adducts and their stable isotopes
8-0x0-7,8-dihydro-2’-deoxyguanosine (8-oxodG) was pur-
chased from Sigma-Aldrich Japan (Tokyo, Japan).
[U-'*N;]-8-0x0dG was supplied by Dr Shibutani at SUNY
Stony Brook, NY, USA. 4-Oxo-2(E)-nonenal-derived DNA
adducts, heptanone etheno-2’-deoxycytidine (HedC), hepta-
none etheno-2’-deoxyguanosine (HedG) and heptanone
etheno-2’-deoxyadenosine (HedA) were synthesised accord-
ing to previously published methods (Rindgen et al. 1999,
2000; Pollack et al. 2003).

Micronucleus test

A micronucleus test using human Iung carcinoma
A549 cells (RIKEN Cell Bank, Wako, Japan) was performed,
as described previously (Totsuka et al. 2009). Briefly,
A549 cells were seeded in plastic cell culture dishes
(660 mm) 1 day before treatment. Particles were suspended
in physiological saline containing 0.05% (v/v) Tween-80 with
sonication (for 5-10 min at room temperature). One volume
of the suspension was mixed with nine volumes of the

culture medium with serum (altogether 3.3 mL/dish), and
then cells were treated at indicated concentrations for 6 h.
After treatment, cells were further cultured for 42 h. Then,
cells were trypsinized and counted and centrifuged. Cells
were resuspended in 0.075 M KCl, and incubated for 5 min.
Cells were then fixed four times in methanol:glacial acetic
acid (3:1) and washed with methanol containing 1% acetic
acid. Finally, cells were resuspended in methanol containing
1% acetic acid. The cell solution was dropped onto slides and
the nucleus was stained by mounting with 40 pg/mL acridine
orange (Nacalai Tesque) solution and immediately observed
by fluorescence microscopy using blue excitation. The
number of cells with micronuclei was recorded based on
observation of 1000 interphase cells.

SCE test

Chinese hamster ovary (CHO) AAS8 cells were cultured in
RPMI 1640 (Sigma-Aldrich, Japan) supplemented with 10%
foetal bovine serum (JRH Biosciences, Lenexa, KS) in a 5%
CO, atmosphere at 37°C. The cells were treated with
MWCNTs for 1 h and cultured in medium containing
10% serum and 10 pg/mL 5-bromodeoxyuridine (Sigma-
Aldrich, Japan) for 26 h. Colcemid (Nacalai Tesque) was
added for the last 2 h at a final concentration of 60 ng/mL.
Cells were trypsinized and centrifuged, resuspended in
0.075 M KCI, and incubated for 30 min. The cells were
fixed four times in methanol:glacial acetic acid (3:1). The
cell solution was dropped onto slides in a Metaphase
Spreader HANABI (AD Science Technology, Funabashi,
Japan). The slides were soaked in 50 pg/mL Hoechst
#33258 (Sigma-Aldrich, St. Louis, MO, USA). The slides
were covered with 0.01 M sodium phosphate buffer (pH
7.6) and cover glasses and irradiated with black light at
365 nm for 3 h. Subsequently, slides were stained with 6%
Giemsa (Merck KGaA, Darmstadt, Germany) in 0.06 M
sodium phosphate buffer (pH 6.4) for 15 min. SCE was
scored under a microscope. The experiments were
repeated until acquiring at least 50 cells that were suitable
for scoring SCEs in each dose.

Animals

Male ICR mice (6 weeks old) and guanine phosphoribosyltrans-
ferase (gpt) delta mice (9 weeks old) were purchased from Japan
SLC (Shizuoka, Japan). The gpt delta mice carry ~80 copies of
lambda EG10 DNA on each chromosome 17 on a C57BL/6]
background (Nohmi & Masumura 2005). The animals were
provided with food (CE-2 pellet diet; CLEA Japan, Inc., Tokyo,
Japan) and tap water ad libitum and maintained under con-
trolled conditions: a 12 h light/dark cycle, 22 + 2°C room
temperature and 55 + 10% relative humidity. After quarantine
for 1 week, the experiments were conducted according to the
“Guidelines for Animal Experiments in the National Cancer
Center” of the Committee for Ethics of Animal Experimentation
of the National Cancer Center.

In vivo comet assay

Each group of five male ICR mice was intratracheally
instilled with nanoparticles using a polyethylene tube
under anaesthesia with 4% halothane (Takeda Chemical,
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Table I. Sister chromatid exchange (SCE) in CHO AA8 cells following a
1 h treatment with MWCNTs.

Treatment [pg/mL] SCEs/cell*

0’ 3.87 + 1.82
0.1 6.65 + 1.30%
1.0 11.3 + 2.58F
2.0 10.1 + 1.52F

*Mean + SD of at least 50 cells; Solvent control (treatment with 0.05% (v/v)
Tween 80); “p < 0.01 (versus solvent control) by Student’s ¢-test.

Osaka, Japan). Single doses of 0.05 or 0.2 mg/animal were
employed. The control mice (n = 5) were instilled intra-
tracheally with 0.1 mL of the solvent alone. The mice were
sacrificed 3 h after particle administration; the lungs were
removed and then used immediately for comet analysis.
The alkaline comet assay was performed according to
previously described procedures (Totsuka et al. 2009). Fifty
cells were examined per mouse. The tail moment of DNA
was automatically measured using a Comet Analyzer from
Youworks Co. (Ibaraki, Japan). The distance between the
centre of nucleus and centre of tail was defined as tail
distance, and the fluorescence intensity of damaged area
was divided by that of the whole area of cell to achieve the
damage ratio. The tail moment was calculated by multi-
plication of tail distance and damage ratio. Furthermore,
percentage of DNA in the tail, another index of DNA
damage, was also calculated.

DNA adduct analysis

For DNA adduct analyses, each group of five male ICR mice
was intratracheally instilled with MWCNTs at a single dose of
0.2 mg/animal, and sacrificed 3, 24, 72 or 168 h after
nanoparticle administration. Control samples were obtained
from the lungs of mice given vehicle. Mouse lung DNA was
extracted and purified using a Gentra® Puregene’ tissue kit
(QIAGEN, Valencia, CA, USA). The protocol was performed
according to the manufacturer’s instructions except that
desferroxamine (final concentration: 0.1 mM) was added
to all solutions to avoid the formation of oxidative adducts
during the purification step.

DNA samples in 40 pg aliquots were digested into their
constituent 2’-deoxyribonucleoside-3’-monophosphate units
by the addition of 15 pL of 17 mM citrate plus 8 mM CaCl,
buffer that contained micrococcal nuclease (22.5 U) and
spleen phosphodiesterase (0.075 U) plus internal standards.
The solutions were mixed and incubated for 3 h at 37°C, then
alkaline phosphatase (1 U), 10 pL of 0.5 M Tris-HCI (pH 8.5),
5 uL of 20 mM ZnSO, and 67 uL of distilled water were added
and the reactions were incubated for a further 3 h at 37°C. The
digested sample was extracted twice with methanol. The
methanol fractions were evaporated to dryness, resuspended
in 50 pL of distilled water and subjected to liquid chroma-
tography tandem mass spectrometry (LC/MS/MS). LC/MS/
MS analyses were performed using a Waters 2795 LC system
(Waters, Manchester, UK) interfaced with a Quattro Ultima
triple stage quadrupole MS (Waters). The LC column was
eluted over a gradient that began at a ratio of 5% methanol to
95% water, changed to 30% methanol over a period of 30 min,
changed to 85% methanol from 30 to 45 min, and was then
maintained at 85% methanol from 45 to 55 min. Sample
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injection volumes of 20 UL each were separated on a Shim-
pack FC-ODS column (150 x 4.6 mm, 3 pum, Shimadzu,
Kyoto, Japan) and eluted at a flow rate of 0.4 mL/min.
Mass spectral analyses were carried out in positive ion
mode with nitrogen as the nebulising gas. The ion source
temperature was 130°C; the desolvation gas temperature was
380°C. Nitrogen gas was also used as the desolvation gas
(700 L/h) and cone gas (35 L/h) and argon was used to
provide a collision cell pressure of 1.5 x 10~% mbar. Positive
ions were acquired in multiple reaction monitoring mode.
The multiple reaction monitoring transitions were monitored;
each cone voltage and collision energy used was as follows:
8-0xodG [284->168, 35 V, 14 eV], HedG [404->288, 35 V,
10 eV], HedA [388->272, 35V, 10 eV], HedC [364->248, 35V,
10 eV].

gpt and Spi- mutation assays

For mutation analysis, each group of six to seven male gpt
delta mice was intratracheally instilled with particles at a
single dose or multiple doses of 0.2 mg/animal as follows.
Group 1 served as the vehicle control (0.1 mL of saline
containing 0.05% Tween 80), Groups 2-4 were the study
groups and received single or multiple doses of MWCNTSs
(Group 2: single dose of 0.2 mg/animal; Group 3: 0.2 mg/
animal for each of two instillations 2 weeks apart; Group 4:
0.2 mg/animal, once a week for 4 weeks). The mice were
sacrificed at 22 weeks of age; this was 8-12 weeks after
particle administration. Lungs were removed, and stored
at -80°C until high-molecular-weight genomic DNA was
extracted using a RecoverEase DNA Isolation Kit (Stratagene,
La Jolla, CA, USA), according to the manufacturer’s instruc-
tions. Lambda EG10 phages were rescued using Transpack
Packaging Extract (Stratagene). The gpt and Spi~ mutagen-
esis assay was performed, according to previously described
methods (Nohmi et al. 2000).
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Figure 1. Frequency of micronucleated A549 cells. The frequency was
calculated after counting the number of cells with micronuclei based
on observation of 1000 interphase cells. Mean values + SD of three
independent experiments are shown. Solvent control represents treat-
ment with 0.05% (v/v) Tween 80; *p < 0.05 and **p < 0.01, by Student’s
t-test.
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Figure 2. DNA damage in the lungs of ICR mice intratracheally instilled with MWCNTs. DNA damage was measured by comet assay. (A) The mean
values of DNA tail moment in the lungs with or without a 3 h MWCNT treatment at 0.05 or 0.2 mg/animal. The values represent the mean of five
animals + SD; *p < 0.01, by Dunnett’s test after one-way analysis of variance versus the corresponding vehicle control mice. (B) The percentages of

cells containing a given comet tail moment at a dose of 0.2 mg/animal.

Histopathological evaluation

For histopathological evaluation, lungs obtained from
gpt delta mice with or without nanoparticle instillation
(n = 2 or 3) were fixed in 10% neutral buffered formalin,
embedded in paraffin blocks, and routinely processed to
haematoxylin and eosin-stained sections.

Immunohistochemical analysis of inflammation factors
To investigate nitric oxide production after nanoparticle
exposure, immunohistochemical staining of inflammation
factors, such as inducible NO synthase (iNOS) and nitrotyr-
osine (NT), in the lungs of gpt delta mice treated with
MWCNTs were examined, using a procedures reported
previously (Totsuka et al. 2010; Porter et al. 2002).

Statistical analysis

The data obtained from the comet assay were expressed as
the mean = standard deviation (SD). Dunnett’s test after one-
way analysis of variance was used to test for significant
differences in tail moment and percentage of DNA in tail.
The data from the micronucleus test were expressed as the
mean + SD of three independent experiments. The data from
the SCE test were expressed as the mean + SD of at least
50 cells. The data from the gpf and Spi- mutation assays were
expressed as the mean + SD. The data were statistically
compared with the corresponding solvent control
using the F test before application of the Student’s #-test.
Mutational spectra were compared using Fisher’s exact test
(Carr & Gorelick 1996). P values < 0.05 were considered to
indicate statistical significance.

Results

Micronucleus test

To investigate the genotoxicity/clastogenicity of MWCNTs,
micronucleus-inducing activity was analysed using a human
lung cancer cell line, A549. A 6 h treatment with MWCNTSs, at
a concentration of 20 ug/mL or higher, inhibited A549 cell
growth to around 70% of control levels. As shown in Figure 1,

MWCNTs increased the number of micronucleated cells in a
dose-dependent manner. The frequency of micronucleated
cells in the solvent control was 1.12% and the frequency rose
to 8.6% in the 200 pg/mL MWCNT group. Even treatment of
20 pg/mL MWCNT induced micronuclei exceedingly, and
these increases were statistically significant (p < 0.05).

SCE test

Table I shows the SCE frequency in CHO cells followinga 1 h
treatment with MWCNTs. An SCE frequency approximately
three times the control level was observed in cultures treated
with 1.0 pg/mL MWCNTs. This increase was statistically
significant (p < 0.01) at 0.1 pg/mL or higher concentrations.

In vivo genotoxicity analysed by alkaline comet assay
DNA damage induced by MWCNTs in the lungs was eval-
uated using a comet assay under alkaline conditions.
Figure 2A shows the mean values of DNA tail moment in
the lungs with or without a 3 h MWCNT treatment at 0.05 or
0.2 mg/animal. DNA damage observed in the MWCNT-
treated group was dose-dependent, and the values of
DNA tail moment were significantly increased compared
with those of the vehicle control. Also, similar dose-
dependent manner was observed in the values of percentage
of DNA in the tail (Supplementary Figure 1). Figure 2B shows
the percentages of cells containing a given comet tail
moment at a dose of 0.2 mg/animal. The numbers of
damaged cells were increased by treatment with nanopar-
ticles and damaged cells with high DNA tail moment being
extremely rare in the vehicle group.

Quantification of oxidative and lipid peroxide-

related DNA adducts

Levels of the DNA adduct analysed in lung DNA extracted
from MWCNT-treated mice at 3, 24, 72 and 168 h after
exposure are shown in Figure 3. DNA adducts related to
oxidative stress and lipid peroxidation (8-oxodG, HedA,
HedC, HedG) were all, except HedG, increased up to 72 h
and then slightly less so at 168 h. 8-OxodG was more
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Figure 3. Oxidative and lipid peroxide-related DNA adduct formation induced by MWCNT exposure in the lungs of ICR mice. DNA was extracted
from the lungs 3, 24, 72 and 168 h after intratracheal instillation of 0.2 mg of MWCNTs, and was enzymatically digested. Control samples were
obtained from the lungs of mice given vehicle for the same durations of MWCNT exposure. 8-OxodG and three types of He-adduct were quantified
by stable isotope dilution LC-MS/MS. Asterisks (*, **) indicate a significant difference (p < 0.05, < 0.01) from vehicle control (treatment with 0.05%

(v/v) Tween-80) at same point in the Student’s #-test.

abundantly found than the He—adduct derived from lipid
peroxidation.

General observations and histopathological evaluation
of gpt delta transgenic mice administered with MWCNTSs
The body weights of gpt delta mice in the vehicle control
group were 34.9 = 1.9 g at the end of the experiment. The
body weights of the gpt delta mice that received single or
multiple doses of 0.2 mg MWCNTs were 75-80% of those
in the vehicle control group during or just after the instilla-
tions, then gradually returned to normal by the end of the
experiment.

There were no obvious histopathological changes in the
lungs of Group 1 control mice (Figure 4A). In mice given a
single MWCNT administration (0.2 mg/animal; Group 2),
infiltration of macrophages phagocytising tubes in the alve-
olar lumina and walls, and granulation with fibrosis were
observed, in association with inflammatory lymphocyte infil-
tration in macrophage-clustered lesions and around the
vessels and bronchi (Figure 4B). Degeneration, enhanced
secretion and hyperplasia were found in the bronchial epi-
thelia, and type II alveolar epithelial cells appeared hyper-
plastic (Figure 4B). The thickening lesions were also seen in
the visceral pleurae, which were due to sub-pleural fibrosis
with the occasional detection of MWCNTs (Figure 4D and
4F). When MWCNTs were multiply administered (0.2 mg

weekly for 4 weeks; Group 4), generally similar findings were
observed but with a much higher severity (Figure 4C). More-
over, MWCNTs were deposited in the paratracheal lymph
nodes (Figure 4F). Similar findings, but with a slighter degree
of particle accumulation and granuloma formation, were
observed in the lungs of mice that received two consecutive
MWCNT instillations (Group 3; data not shown).

gpt and Spi- mutations in the lungs of gpt transgenic
mice treated with MWCNTSs
The gpt delta transgenic mice were exposed to single or
multiple intratracheal instillations of 0.2 mg MWCNTs and
the mutations in the lungs were analysed. Data are sum-
marised in Supplementary Table I, and Figure 5 shows the gpt
mutant frequencies (MFs) in the lungs. The background MF
of the lungs was 7.53 £ 0.91 x 10™°. There was no increase in
the MF in lungs exposed to single or double doses of
MWCNTs. However, four instillations of MWCNTs resulted
in a significant increase in the MF, of approximately two-
fold compared with that in controls (Figure 5). The Spi- MFs
were measured in the lungs of gpt delta mice instilled with
MWCNTs, but no increases were observed (data not shown).
To analyse the characteristics of the mutations induced by
MWCNTs, the authors tested for 6-thioguanine (6-TG)-resis-
tant mutants using PCR and DNA sequencing analysis.
A total of 42 independent 6-TG-resistant mutants derived
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Figure 4. Representative histopathology of the lungs of (A) a control mouse given vehicle (once a week for 4 weeks; killed at the end of month 3); (B)
amouse given a single dose of 0.2 mg MWCNTs (killed at the end of month 3); (C) a mouse given multiple doses of 0.2 mg MWCNTs (once a week for
4 weeks; killed at the end of month 3); (D) a mouse given MWCNT (0.2 mg/head, singly, killed at the end of month 3); (E), a polarisation
photomicrograph serial to (D); and (F) a representative paratracheal lymph node of a mouse given multiple doses of 0.2 mg MWCNTs (once a week
for 4 weeks; killed at the end of month 3). MWCNT-phagocytised macrophages (black arrowheads) can be observed, and granulation with fibrosis
(black arrows) is also found in lungs of MWCNT-instilled mice. In polarisation photomicrograph, MWCNTs is indicated by white arrowhead.

from MWCNT instillations were identified and 24 mutants
were identified from vehicle controls. The classes of muta-
tion found in the gpt gene are summarised in Table II. Base
substitutions predominated in nanoparticle-induced and
spontaneous cases. No G:C to C:G ftransversions were
detected in the vehicle control group; however, this type
of mutation could be detected in several MWCNT-
instilled animals, and p value can be considered significant
(p < 0.05). The numbers of A:T to T:A transversions and
deletions were also slightly increased by MWCNT treatment,
though p values were not significant.

Immunohistochemical analysis of inflammation factors
As shown in Figure 6, the pattern of iNOS and NT staining
corresponded to the areas of inflammation within the lung

parenchyma. In the case of MWCNT exposure, many regions of
the lungs stained positively, and intense iNOS and NT staining
was mainly localised in test substance-phagocytised macro-
phages and granulomas (indicated by green arrows). Some
alveolar epithelial cells located near granulomas were also
stained positive for the iNOS and NT antibodies (indicated
by arrowheads). In contrast, no regions stained positively for
iNOS were observed in the lungs of vehicle control mice
(Figure 6D). Similar results were obtained for vehicle control
mice immunoreaction with NT (data not shown).

Discussion

The present study showed MWCNTSs to clearly exert geno-
toxicity in in vitro assay systems, significantly inducing
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Figure 5. The gpt MFs in the lungs of mice after single and multiple
intratracheally instillations of MWCNTs. Male mice were treated with a
single (0.2 mg) or multiple (0.2 mg x 2 or 4) doses of particles, and
mice were sacrificed 12 (single-dose) or 8 (multiple-dose) weeks after
particle administration. The data represent the mean + SD; *p < 0.05 by
Student’s #-test versus the corresponding vehicle control mice.

micronuclei and enhancing the frequency of SCEs in
A549 and CHO AAS8 cells. Consistent with this, several studies
have reported that MWCNTSs can be taken up into many
types of cells and demonstrate genotoxicity, including
human epithelial lung cells (Woérle-Knirsch et al. 2006),
mesothelioma cells (Wick et al. 2007), keratinocytes
(Monteiro-Riviere et al. 2005), and normal dermal fibroblast
cells (Patlolla et al. 2010b). Recently, several reports have
demonstrated that carbon nanotubes induce both clasto-
genic events and aneugenic events (Muller et al. 2008;
Sargent et al. 2009, 2011 unpublished data). Indeed, one
of the mechanisms of genotoxicity is considered to be the
disruption of mitotic spindles by association with mitotic
tubules (Sargent et al. 2009, 2011 unpublished data;
Asakura et al. 2010). Moreover, a direct interaction between
carbon nanotubes and DNA has also been reported (Li et al.
2005). Other than that, it has been reported that modified
gold nanoparticles induce the unfolding of fibrinogen via
binding and then promote interaction with the integrin
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receptor Macl and induce the release of inflammatory
cytokines (Deng et al. 2011). In the present study, no data
are available to explain the exact mechanisms of in vitro
genotoxicity by MWCNTSs; however, direct interaction
between biomolecules, such as protein and DNA, and
MWCNTs might be partly involved for induction of the
in vitro genotoxicity.

In addition to the in vitro genotoxicity, MWCNTs were
showed to be genotoxic in the lungs of mice using a comet
assay. Under similar conditions, levels of 8-oxodG were
significantly increased in MWCNT-treated mice, and the level
was maintained for 1 week. The levels of HedA, HedC and
HedG also tended to increase. These DNA adducts are
derived from lipid peroxidation, suggesting that MWCNTs
may induce oxygenation of lipids in tissues caused by gen-
eration of reactive oxygen species (ROS). Consistently, it has
been reported that the levels of lipid hydroperoxides, which
are prominent non-radical intermediates of lipid peroxidation
products, were increased in the liver of Swiss-Webster mice
intraperitoneally administered with MWCNTSs (Patlolla et al.
2010c). Moreover, in the present study, MWCNTs showed
mutagenicity in the lungs of gpt delta transgenic mice. How-
ever, a dose-dependent MF increase was not observed in the
lungs of MWCNT-treated groups. The reason is still unclear,
but weak responses observed in single or double doses
suggested that the degree of DNA damage seems insufficient
to fix as mutations, therefore it could not raise MFs more than
basal levels under these conditions. Supporting this hypoth-
esis, previous reports have revealed that obvious responses
were not observed in either cellular inflammatory end
points in bronchoalveolar lavage or pathological changes,
such as immune response and fibrosis, in the lungs of animals
exposed to low doses of MWCNTSs (Ryman-Rasmussen et al.
2009; Pauluhn 2010a). On the other hand, it has also been
reported that MWCNTs are difficult to eliminate; it remain in
the lungs for a long time and trigger sustained pulmonary
inflammation (Ellinger-Ziegelbauer & Pauluhn 2009; Pauluhn
2010a,b). Therefore, to evaluate the effects of MWCNTSs with
low exposure, it would be preferable to use long-term muta-
tion assay systems. In general, 8-oxodG causes transversion

Table II. Classification of gpt mutations isolated from the lungs of control and MWCNT-treated mice.

Control MWCNTs
Type of mutation No. of mutants (%) Specific MF' (x 10°) No. of mutants (%) Specific MF' (x 107°) p value*
Base substitution
Transition
G:Cto A:T 7 (29.2) 2.20 11 (26.2) 4.03 0.238
A:T to G:C 2 (8.3) 0.62 2 (4.8) 0.74 1.000
Transversion
G:Cto T:A 8 (33.3) 2:51 10 (23.8) 3.66 0.481
G:C to C:G 0 (0) 0.00 5(11.9) 1.83 0.02
A:T to T:A 0 (0) 0.00 1(2.4) 0.37 0.458
AT to C:G 2 (8.3) 0.62 2 (4.8) 0.74 1.000
Insertion 1(4.2) 0.32 2 (4.8) 0.74 0.596
Deletion 4(16.7) 1.26 9 (21.4) 3.29 0.101
Others 0 (0) 0.00 0 (0) 0.00 ;
Total 24 (100) 7.53 42 (100) 15.40 0.004

*p values were determined using Fisher’s exact test according to Carr and Gorelick; "Specific MF was calculated by multiplying the total mutation frequency by the ratio

of each type of mutation to the total mutation.
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