M., Jishage K., Noda T. and
Hino O.

Wako, K., Kotani, Y., Hirose, Effects of preparation methods for multi-wall The Jounal of 35 437-446. 2010
A., Doi, T., Hamada, S. carbon nanotube (MWCNT) suspensions on Toxicological
MWCNT induced rat pulmonary toxicity. Sciences
Sakamoto Y, Nakae D, Hagiwara | Serum level of expressed in renal carcinoma The Jounal of 35 265-270 2010
Y, Satoh K, Ohashi N, Fukamachi | (ERC) mesothelin in rats with mesothelial Toxicological
K, Tsuda H, Hirose A, Nishimura | proliferative lesions induced by multi-wall carbon Sciences
T, Hino O and Ogata A nanotube (MWCNT)
Xu J, Futakuchi M, ligo M, Involvement of macrophage inflammation Carcinogenes | 31(5) 927-35 2010
Fukamachi K, Alexander DB, protein 1{alpha} (MIP1{alpha}) in promotion | is
Shimizu H, Sakai Y, Tamano S, | ofrat lung and mammary carcinogenic activity
Furukawa F, Uchino T, of nano-scale titanium dioxide particles
Tokunaga H, Nishimura T, administered by intra-pulmonary spraying
Hirose A, Kanno J, Tsuda H
Nudejima S, Miyazawa K, Biodegradation of C60 Fullerene ADVANCES 1 89-94 2010
Okuda-Shimazaki J and Nanowhiskers by Macrophage-like Cells IN
Taniguchi A BIOMEDIC
AL
RESEARCH
Tsuda H. Risk assesment studies of nanomaterials in Asian Pacific 10, 11-12 2010
Japan and other countries. Journal of ;?ii::y
Cancer Supplement
Prevention
EREER FITY AL BEY A NRIGEE 74(4) | 305-308 2010
Hiroyuki Tsuda, Jiegou Xu, Toxicology of Engineered Nanomaterials - A Asian Pacific 10 975-980 2009
Yuta Sakai, Mitsuru Futakuchi, | review of Carcinogenic Potential Journal of
Katsumi Fukamachi Cancer
Prevention
IR, EATETR, B | EER T/ ~T U7 NV OREREFNER B EEA 127 15-25 2009
BRI ORBE LR BT O EEM BEEET
U
ARHEEE, HRERKF, F | REREI o< N I70— 50 T ERS | BNEER 127 65-68 2009
RAETF, HARER, KR | FrECLEMRE P T T —L o ORHED | REEEN
Z, EHER Fa%E SuETme
K. Miyazawa and K. Hotta “The effect of solvent ratio and water on the J. Cryst. 312 | 2764-2770 2010
C60 nanowhiskers” Growth
K.Miyazawa and K. Hotta “The effect of water on the stability of C60 Journal of 2010
fullerene nanowhiskers” Nanoparticle
Research
R. Kato and K. Miyazawa “Cross-sectional structural analysis of C60 iamond & 20 299-303 2011
nanowhiskers by transmission electron Related
microscopy”microscopy” Materials
K. Miyazawa, T.Tokumitsu, Dispersion of carbon nanotubes and fullerene | Annual pp.161_1- 2009
J.Fujii, R.Kato, S.Nudejima, nanowhiskers by the liquid-jet cavitation Conference 4
K.Hotta, K.Ide and T.Kizuka method ‘'on Carbon,
June 14-19,
2009, Biarits,
France /
Topic 11




EE K- TV T )T ANDE R R R NEW 25 22-27 2009
DIAMOND
S Nudejima, K Miyazawa, J Observation of phagocytosis of fullerene Journal of 159 1-6 2009
Okuda-Shimazaki and A nanowhiskers by PMA-treated THP-1 cells Physics:
Taniguchi Conference
Series
Biodegradation of Cg, Fullerene Nanowhiskers 89-94 2009

Shin-Ichi Nudejima, Kun’Ichi
Miyazawa

by Macrophage-like Cells




BIFR 5

M. W TF4T4 « B



F I =TV TNOEEERFEME Y =Ry F ) Fa—TOEEBE

E S ER AR AF LN IERT
ZeMEMERNEL & —

BE M
LM B

TF/3B0 Yy 208 ER2tERE]
20104 6 H TurT 4 7HET R



S BB HEMFMTEE B

1 F/RTFUTPNOEEUTMEE A —-R2F/ F1—-TOEEE
EE M, R HET

1.1 [ FU&HIC

FIFr 0P, [F A=A ZXDRr— VTR - BAIZHETsIL
T, FELEN R HOWEREYRTERMIE SN, T0F /)77 ud—-ORbE
BREZHEIFHRYEL LTOF /T IVTNE, Sl b 1RTOREEHNI0F/ A~
FVBTTHAME L LTERSN, EEERCZOBECEERIMML CETWE, Th
5w ) T VOB LERMEIRIE, R FEORERD /N I RO L) R E RERE
TELNLEREIIELLRRBZEINRENTEY, TOH L YEILERERIEERC
HLOEHBR OB L LTHFESNTWA L IATHE, LiL, IoWB{bEmERE, —
FTEFEDINE TSN TV d o B RHEER L5 SR I TRELZATL T
BLBESA, Bl MEREE T A REMFMEE T BRI, FsfRELTERRZL
NATMREDEATVE, ZOL) BT/ w7 ) TVOSHFEII b2 AFELRIE, FedT
Mo OWEIZERE, 5\ Id@EREE L CHENICET ARSI A TS I L2 EIRT 51,
RUMORERREROTERHEROBR VYT ILEEENS, toT, 7/ 277
VORI AAEEIERT BRI, €OFBERT TR REEICET MRS THIERL,
FIF YT NVOMAIEZLLTEDONS L IHIHET S I LIRD LN TV 5,

RREEIIN T AW EORENTMICE LT, ST CEFEOFMEFME, BRI
SR DICEMRL L BRICE SV THFLRALTW S, LzdoT, BEEEFDDDDORE S
LT, 7ANRR MREMERRYELRZEXBRE, HIOZREIINTETWERVWI L2D,
F 2T TNV 4 LRI ED R R B R L B RRECH SR
FIHEORRVBEL 2o T b, ITHEZAMIII - T, (FEEINE TOEFIEL
bW ERE 2 B L2 REWEHE Y X7 2T, EARNERRSh 2w EE L bNEES
FRYC—2RNT, WHOKEEEZERLLEEI AT Ao TELT, {LEWEDITE

* 1 Jun KANNO EUVEERMEMGEFNET REVEWBBRIELY - BUEE #R
* 2 Akihiko HIROSE HEVEXRMEMEEMER REEEWHRFELY Y- RefF
HfEE 2R
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18 REWFMEFEL 7/ M

BUEES, /RAAEIC BT AEERT /7 ) TVOREEFHEIIB N TS, TOKE SITKRE
L7 25l L, EHET A VAT LA0EN, H5VIREHLBEAET BRIV AT
LEOBENSUEL Shb, Tz, LERICBME, BFLEPE L UGHER» DMK,
WIZE—TENSTELF /YT ITN, i, REOADPOREI RV F /) Fa—TR
75—V i, BITOEEELETREERLELEINTV RV, T/, B{LF S V2 E3YT
WALBERER Y LCRALERAENTED, IhSOWEORLEDFHHIESHE TH S,
AT, ThSOHLEEDD LIFHHSNALEDD LT /<7 ) 7T VOREEFHE
FERRIT A AT, ERTREBEEMAT 5. 5812, F/ <7 TIVOE CBRFOMSTE,
AL TRE LT VEER, ZeURBREOHBIIBVWTERZEFTHL LI, —H
WIS N7z, EFNTORMOEMRME GREMN) &L 2EOCBEREBOFEIIRECH
ETBHLELOND, LIAHT, TOEGNKREELBEYT 2BEVERERDICHLT,
B2IITTIZT ANRR M EORBHLRBDO—DTHEILEHM>TWA, ZLTC, T/77F
YFPNE LTREW LA —K Y F /) Fa—TORTEZOBIRIT ARZ MZEHUL TV D
OABERERESICE WV RRERF SR T EARER SN, RROBETIE, - LiFb
FEHEORT LIEIC, TTICEATERZMEL LTOTANA MY 4 ZOBMERKFIZL 5
BEEWHEOBHL 7/ F 2 — TREWHRANOBA M & F 72 R REIIOWTHET %,

1.2 URIT7EAAZ NI HEE
121 GREBOER4

— T, (LEWEOEREESM () R T ERA Y M) OERNE 7 V- 2%, FEEST
i & BT, BLUB4DFMARLILE - AT LBETHLIYRATHEDT ¥ F—%
YEDBRY o TV A, & HICHEWERMIE, HEM O (hazard identification) & AKX
J& EFAi (dose-response assessment) (25N S b, TOERTL—LBREIE, F/RTUTV
DEERETFMICERTEADTHEEEAOND 772, F /<7 T VIR
B LSBT A S &, R ENRE (WX absorption, 40 distribution, & metabolism,
HElE excretion) 1E#IE, —MOLFEWE LV EELZEREFOLEZONTWS, FIZIE, #
FH A AOBMLZENE TEORE EDLDIEFRIIBAT 2 Lk EZ2 6h T
PR FARYE DS, AP BANT R Y 4 ZIE TREL BB LEERL VWA DAN
v, FOMEE, EEEBRLOBICINETRI S aho e RIb &5 &I I REH
RET, ¥, BEEHY, AV IRTHA) ORERIERT S Z LI2 X DHENEHE
MU EEEEE, 2R CRSESZLOADIIEETHLLEL LN FTHoTH,
EEERFSERT LRI LREFENSNL, —F, BETLIWHE L EERKGHED
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1 F/2%7 V)T VOFERFEMEL A —K Y+ F 21— 70y

FHBAIE & 30T 5 & 5 % B RUSEHE R REHH ORI B W TIE, #RELNTETWLE
BL)DRAFRPFEMEELEOBRS 2 EOPD A7 — % FTER U2 5258 75 BB ARTEW
RERIHEATREIC 22 Z L DIBHEN TR, TNLDT LR, F/7F ) T L BEE
HBI L DEFBRSITH LT —8NICRES N b O TIER L, HTFOKRE SPBRIZE
BHELLERRIETHALI LERL TV, T, BERIIBYIREEE(GHRETH S
PERIRETH 5 0) CREER(BA, 8O, BEL L) LOMAEDLRIZL o TEKR AR
HHEVIBRABRDOKFOBABT IR 2> T2 LIBEEINS, FERREFMTII—
BOILEWEITHANT, BEEREEEUECOEREZZR L 2TNIERO W L2 FRL T
Whe 72, FIRTFUTNOBRELRLTWEEIR, SHINIMBRCE o TEREOBEY
REZENTFHEEND, LA T, 797 TLOBEIFHEROMENENCL D E
T EERE) OBRHEPRECEDATMREEZRF-TBY, IhoBHIE, —kobEy
HIDWREGZEREVERODLIILRBLEZ OIS,

DL RENBREEREIET A0, TTEGRERTH =T TR EE, F
B ERTEIHEEZMILEL TR ELRV. F/RFYTVORERYERTAFELL
T, MENRWE L EERE S8 ML, WET A LIRETRL RS, 2k 213,
ER T RFIZAERRE 2 ERIN B RE, MBEKIE LR ROSBREROREFELEE T
T AR BERDNEICTOMTAHELRL ZLATE, 75—V OEEIE, EEREH»SHb
t, Wk u< 7574 —EESWECERTETH S, LHL, TROEOFETE, +/
P TN OTERAEIT S S L ETRECH B, BRI B B BRI A ARSI
HELRIZTLEZEZONZEROT /<7 ) 7T VOFERE(F 4 Xa0d, BELTHY
BONE) BB T A LIZTERV, BRI, EBEROBEFEMEE 2 EICL AHEED
VETHD, —H, =R F/)F2—-7TlE, BEOSTTBBCLAERBUEIEETDH
D, BEFEEETAERL R FEICENUT 2 AHNCHRICHET 2 FEE RV, REFEL
LTid, NEWEIEBREZ DT TONMT A HEOHBIENTHLLEZ OB, Elbd
5 LI F =T TVOBIERL AR R L RITTIEEL R LR e S
%\,

1.2.2 FEFEOLOORBRETOLEMY

HFDF A4 XL 2 REFEEOWAE, — R T OS2 8T 5 2 L H%M5
NTHY, ZORKEIHENFRBIY L TCERERTFTHE2T TR, ERBELFMET 2/
DORBRARBIZBNCHEELFIMETFTH B0 Inviro REFRTIE, KRORERH L Vi
HEEIC R 5720, KEBUETRELPTVF ) w7 7IVEERRTIZRET LI E %L,
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®1E FEUFESIEL -/

W— A EEI LV ROVEELREL 25, FEAIE LT, REEEAL Y, K- Bk
TR 2 oML R AWEDOKFENLEEL 255, FHENROWEUNMEET 2PECHE
WAERICHERRITTTRENE2ZR LT, EREEO VW ELERTAH, b LR
BOBIISWE@EE) OFERA2Z220E%R60, BIZE, 75—V YEMIVIHS
BEE CRHIIBHT A, ARBEOBRENECHERFOBBEDT-DI VLV IEHORE
BV TENREBIH 5, 5HF L LCAEDRAMEER S, BRETIIHREREYS
B7-HHIRAH ), MROEBEERPKRE T AHERICHEEL S5 2 2B RIBEOEIRI
BThho —F, EFEMGEVWSEEL LT, MEFEERY RS V2 BFHB, Zh
ik, MREESEORELY RITTHRESMEC, BROBERS L LTRMIhTnsZ e
SLENLGHALEZ B, FEEYL ) ORIMEEIIEHFIBISH S, £, ATEE_E
BBEOURY -2 L F /<7 ) TVERMIEERICEALT, FHMET AFEL LTIHRMES
BWEEZONED, URY—AHFOMBEANOEBIZERT A UEND 5,
By 7 AR EME 2 3 B 72D L invivo DEEREI & W ITFESLETH S5, LA L,
2 5B OB R D ECREATRIUE R UG IS O BB E RITTEE L 0N, invivo R THIEY)
W ER L 7R 5 HEOBREPLETH b RORBEMEL LTL, HEEREBEZIH: 5
ZBILIRETE LW, TRERBY, BEEAL W 2BEEAVWTOSHIME S L
%o BHIOBML LT, ) — 7k L ORSEmE BEEREEES, VRV -A, EK
DERBELEOFERMRET SN b, KBRE LTS T 5720120, FREEWEHR] (Tween20
Triton X-100%), y-> 7 u7F A M) Y E0ITREFEL AV TKICTHIELHELH L, 7
F—L YT, BEppm FTEI— AHISERLTROKRE TS LR TH L, BRER
BOWAEE, BRORBOBELEZVARVER TH L7720, BRIOEENR 25, FEELL
T, BREDOEWV PV VX ¥ L YV EOHERIGE L EREORCEREE, b L IFREE
BH 2 EOSEH % BV KEEAMRE Sh A, BARD D WIIRAROEERE COLE
WAL, T/ 2T ) TIVOBREARRLCEBE RS XA EEZER L TEEL R,
BEDLZH, EFARROBE, LR ERCZEIHTIHEOBVREERIIBARE
ThHLEIZONTVS, SNET, BERT /<7 7TIVICER S AT OB ARENTIL,
&8, HWHTF, VAN TFREERLIEEIThN TR LEIATHY, EFEEIZIOV
Th, TRHOBEOMENEFRHTHEI LIRS TH S, L L, EBRORIEZ T BIC
&, FBIZBAAF v T U TR ORRLL LT IR E ED & 5 IR X0 TOR
SANEL 25, FICBRERIKEVWETTHL L, HEBHOMEEXSEFEEOLL L
WL AMENEREEERAT LR, Sl & T CEETREZ OFEMT R LET
HrLEbIhD, EBRNBEFECE, —BETORET LW ERLRENKGEL, WA
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1 F/F )T AOEERFHEN—-K T/ Fa—-T 04 EHE

xRV IRARBENH S, EHLOERATHIILTY, 7/ 37 7T VORARHERER
LT, HICRELLTWIFHOWRO L OF 2 S EORESLETH S, BH] - JEN
BEOBAIE, HEBREORIR, =70V WLT 57O & S HIEEORRSVLETDH
%o ik LTk Tween S0 RENEHA LMY —7 7 2 & ¥ e EOFEAIRE ST
Who BAEMORIIZB VT, Wt X VHIIIT 277 =7 0V MEIL & AR T5AE
EEBOHEIVETH L,

—F, MHERBEFIZoWTIE, TRETTANZ MRTANZ MBI TH 2 AT X
AR TERENBEIFRTH S, TNHTANA MEHEIC O W T, FidAPHEIE,
FIHEEOFRIIERLHETH Y, FICPREFEEIIEL T, BERRSICL 5 3HB0R
PR BAOBEEROBRERTH S L SNTBY, KATELOBALLBHOMAIZDOWT
RS %o

1.3 H—RoF/Fa—-TOREM
1.311 PANZ MMERHERK T IC L 2BEOME _

A=K ) Fa—T3HBELEEBORREREL, ThENBEI-RV )/ Fa—7
(SWCND) B L UBEH —R v F / F2—7(MWCNT) & LTHEENED, ZOBEIZLY
BoetlE, WMEORS, FHTIMESR 2 EORR DA RIERIFET 5. —H,
BN MWCNT DFIRPK & LIXT7ANZ MEMLTWEZ &I, #BENZBEELLTD
BLOAR T oo 7 ANRR M X 2 BEFEORI EHAE L TV ARLERZEF
i, AEERREEE L BERICMA T, BEISBTRIIOLEFNIIBI2RERTHS
LEZLNTWE, 2070, BTRATYH inviro EBRLEHOBSWRRIC X h RIEEE L £
H3 5 LAHETH Y, EHOBHRERIC L AHERNLEL SN TWh, Davis(1989) 5 0
S v bEESLRAERTIE, 20 um M EOMMER DS\ chrysotle T7 AN MEHEE & 5
AN 2 ABEEATRRENT VS, ZDEHIZ, T AN MR X 2 REEE IR
ABRBESNBOM~NORBEOLEICL VHERINELDOTH S, RARBEIZLILZERHD
BIRERT, SRR ERRE Y BEMERT A LESD Y, WRRFHLEENI,EZ L
MbhTwb,

—7, TANRZ ML BERBOTERENFRIL, Wanger 51240, T v M OKIBER~
DT AR MEAERIZE > THHFHREINLZ LAIREINTVAS, E5HIZ, Stanton(1981) H
MZEABARBELEERDOSH RO T ANA b 2 S U R 2 I A LA ERIC X
D, EN15 um BT T, BE2%4 um B EOHHEOEEDTL VH DY, BHFAKOHNZ L
ARBERTWE, ThEDOR4 RMAE D & 12 Pott(1978)Y 14, MR LBMERLZBERLL

15



TRFART VY v VORE
FRTREEZRBLAED,
WHO (1986)" T, iR, &
B L UMLEEBIIMEATOLE
BICEELRTTHY, HWEAN
BBV IIEERNEERS LT

TRELFHEIELEOHR | HER

HRPLIE, BERLENFEER
ZRFTHB L LT ZOK
%, WHO Ti&, PCOM ¥ 7
I—TAY > MURRR, R

BEEFEPEL 5/ #8
Takagi®(2008) (D3 & CHE R AN
ENFMWCNTO Y A X ; v 100~
80 gu
T W
60 8
-
\ 4 B
3 -
: 20
. 1
U M0 75 e
(Hm) 10 2 40 !
2.0
(Pott(1978) &4)

1 MM T O A X &R RAED R

5 um PLET, MHEEAT3 um AT CHD, MR RO 7 A2 M3 L 1L Lo F(WHO
fiber) %, BIEBETOE= Sy —RTFL L THRELTEL,

Z DRk, BIRIKE LR FORIBSEEOM I, MRN~OEEE LioHhTD
EREMICEEL VWA LELAON TS, Jhit, BENHIREXBYIRT T, Mlek
TEH3E T & 5 (respirable) MHERKLT13, ZBRITEMRENIC L o THIMEEDS ~ 10 um DU
DML SN T W3, ZOBOBHRIIESNENIMRANDOEZERICEEZ TR 2w L
ERLTWA ™Y, =%, 5 um PLEOKE SO, MIEATEYEZRET 501088
THYr/u7 77—V TRETHIZIRETEL LI, RUFEMBAIERE TS, 503,

MEE COEELFTILICR DL
Zz26NTw5h, LrbIORELL
MeERTT R o0 LT, &R~
rma7 -Vl AREFHEREY
WCHo TS A2 &k, 20H#
£, REEOBSEERIC X 2B
b L ZAYERINC, RO LM
JEO RIS AFEDSAEDR
Bz o TWALEEINTVS, D
F 0, B R HERELF D TR,
FiHE - MIRERA DO EEN & EBFR 2
BRI LU &, BUNRERY
BoERL LTOREESEORS L
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1 F/RFITVOEERFMHE S —FK v+ ) Fa—TOEEBY

BMELTWRLEZONTWA (X2,

Tz, TANR MRUMIROWHMEDND AT 75 VBT V2R Th, MifERC
BWELEREDPART v v VERTHENBEONTWA, L L, BUBREEOHHTHZ
DALFHBDOENT, BDA - BEBEBIZECYEH L I LRI TWS Y, BRT 21030
BOW, SRFINGERRREIRSEboTED, EFAREO—DLEEZ LN TVEA,
BRFORERLELREBL BHVABDRE & OBRIMKRBEL NI E - TELT Y, SEE
B REFEOMBERTH L2, MHBERTHSEREZLNTWR, F77, HRilEkEER
DERFSDS, WHEEE T AFE O BEESh TS, —F, {LFEEMICES DR To
Tt AT (durability) 1, APFREMEICEBRLTEY, MMERETF ORI IR &5 DM s
AEDBIICHDLERLZETFTH S LFHBMENTWAE Y, BIRIIIE, AHBREIBVE
BbhbBIROWETY, RIHGERIERE LT AR, HFREEOBHPBRLZEIZLY,
MMV TR ENTVEL R o720 T2 L) RRSTHER ST AMEE, B2 5 Chilg
AP LBEENTOTEBEITRREN TV B, EBE, WD O OO BER M %o
MERDE (20 um BLE) WD) DR &S, Hi~NOBERLHEELTWAZ LY, ALFF2
B % AW TEIIR TR EN T B ¥, 199740 EC O 7 A EE OB B 0598, 33,
FORIZB$ 5 $E5%E (BC Commission directive 97/69/EC) " DHTId, BBR D & 5 2 EIR % 2 ¢,
HEREA IS8 5 VB ARERT ORI ASRERIIZ T, 20 um P EDOHHEDR 25 Dk
TR (BADHE 10 H, RENKEDOHE, 0B LVEVEEEIEFAWEEL LTOERR
POBRILTW2) 2 FROEEL LTRALTV A,

BEDXHITINE CHMRNF L hEEFREICEL T, BEOELES, BRRS,
ERNERHSERA ZEFEAVABECOFRIELENTETEY, SHEBRIES Y —K
Y7 Fa—TEOH L CEM OBIEERFICE LT, ShoDHMRSYTIZEFANE ) 2
WKOWTHERBOLEEMRE STV 22T, EE5OMERTIR, RERFIEIES
THBEH, TANRR P EFEROBREZFEO I —K U F ) Fa—TI20nT, 2OBIREHEE
R1E) o FREN L PREIEFFE L IREE ST HHRICELY 2o 726

1.3.2 BHEROEV\Z1 7O MWCNT DIEAREHBROKEER

e OWFETHEA L7722 MWCNT 120V, ZOMBELESENELLEIAZOKRE S
&, 7TARZ P2 W TREBSNBEGELZRTREEDL VYV EELRL I LATRENS (Y
Do RVBESNERBERLER T2 LRARBIZL 2 ERIHENTH L LEZ ONBS,
=R F ) Fa—T3ERLLTVWVEELHoTEY, BE2BBL-ERICE W TILEY
WO L THRE BARBE LT ) FEIMMLL TWED ol #3T, TARZ MIBWTAE
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B3 HEUIFMFEL -/ M8

CRETSNTVAERRE LT, BEARSICIIERYEFLTAIZLE LI L2L,
BLREGEOMNT ARZ N THE20Y K54 b EROLERENRSHETY, TRED
FRI 1V EULOHBEBUETH L I LML TWZ2D), L) EHHTORREDRE
RRHTEBEWEL LT, PS3(+/ -)ANFUI v I Ty bR EHT AL LB,

P53(+/ =) RE WA Y VFVOFE T, 200 ug’8 % 10° fibers) % B2 1 H
35 BHEBENES LTwA 7, BEERS I X AGERFREN 2ENZ RS 2720104
S OBFTIE 3mg(1 x 10° fibers) /mice # ARG TIT) 2 & L Lz, 1HDHRSEL LT
3B Wb DOTH B A, 1997 ££12 European Chemical Bureau & FE L ¥ ¥ — CIER S s
Man Made Mineral Fibres MMMF) 88D F5 7 PR Td, 1 x 100 WHO fibers/rat DH
B 5 %R L LT\ A1, Roller 5 (1997)" D4 MR 74 BIENI S L -0 H & (M
B RAFED 13, 10° fiber/animal BEZHZS T UL, A 2METOFRBEORELRL
BIEDFRENTVWEI LN, BYDOERBRLE LTEBYERINTHLLEELTVA, 20
B, pS3DAFE/ v Ty b7 A 3mg/mice ¥ BEARERS L, HEHEETT
DEIIZEA LD T RACHEBORENED SN ® (2B, BEBTROHEEY 1000
FO—FTTIBMRERTD, 3 ug/mice DEERZRS ThHRENORET LI L ZHERL
TWb), £EOLIZIZFARMIIERINLFOBETIE, RIDE) 478EO MWCNT %
50 ug/kg PABCTHEENERES LT, 7THEOHREMBOMEELRIAEL L 25, BN
A4 T7D2EBIIOVTIREMICAFORBELZRD TSP, E517, BAMNHAVAERVY
470 MWCNT i, BABD T v bEAWIEEBEE NRSHEICL - TH, HEESY
FRTHENER O LFESPIIEINL Y —F, BEMEROFHH 1 um LT OEN
MWCNT # 2 7213 20mg/animal TF v MIHEEENRS LLHETE, 2ERICEEL
FEEORELZRD TRV, ThHDHERIE, MWCNT IZ2WTH 7 AN b RIS
BHEORSIKE L THEEZFRTAENICGEC IS L L VI EELORIZIFTLLO
ThHd >,

LIAT, TOBBERFIZLZPREFEARICEL T, EROREERTITOILLO
T, VAZFHIEiE U THRIET A 72 DI ARBERBRPLETH L LOBERLH L5, £
ERE & WA RERER L ) R 7 FHEICERTARUEIIOVWTHREOD L L ZATH
Bo TANRZA M2 HWLRARERRICL 51T o MEORDPARZED L FOBREEITH LT
ZLLABEVIEFMONTYS, ZHUlE, FRECHOMEZNTRPLKE 4% b ETo
B L CRERZ A0, & bOFHL ) BOBHERK T2 MR E TERELPT VW L2k 3
EWVIHBLHEN, EHLERIZELHLATRY, 2F0, TomBELYHVWABRARERKIZX
BEERIE, B MIFTAREIEART Vv VEBRNHET AUEREOS S Z LK I T
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1 F/7FVTANOEERFME - F /) Fa—TDEERE

Bo WMLIZ2 ST, A=Ky /) Fa—7%3r AW E TRARE LAREI W oviE &
NTETWD 77, FREFAUIBIETE S ETCORBOBARZERABREREIHE SN
TWiv, —F, BRARBIIEDLLFEL LT, 28RV 0AEL2 RENHST 2
FIECIHEERS | ¢ 2 FESMONT VA4, BEHRSGIC L 5 BE0OSNHES 2N Lz
HbOMIEALTH B,
ENODORTEETREMEL LT, Bft, SHEITHEE &7 MWCNT (B# 80 ug £T)
%7 RIS | SRR MWCNT : 30mg/m’ % 6 BEf~ w7 X (CBLEIR A RE L 5512
BWT, RERT~8HMEBIZ MWCNT ZHIRICEZEL TWA I L 2R LD 0BT S
na ¥, INSOMFEERE, BREOREIZLZEHHOMETIIH 5%, RS2 #EH
L7=REIIBNTD MWCNT 1ZHIE (REZ) ECEET A 2 2R L TR Y, BEAEESIC
LXAPEESFREORE Gbes L, VAZFHENO LTHEELZHMRATHELEZ ONL,
SHROERN LY A ZFHEDTzOIZE, BHEI CTREELZRE L -RIBOBE21T) 5
DPEITEINDLZENET NS,

1.3.3 BUFERROEEREY

FERERE ST X B R IERR SRR, MBI FIC L 2RIERHOAZRET A% THY, &
W A S RF DM A LTRO MWCNT 2B 21BERE ISR 2 LEE H B, £
BE, SEE D OTo NS RBRTIE, MEWIA XDF ) F o —THiMEE & A ISR
EDHEED H7% & THHRFEA G ERM P BER ) » S Hiofic b Bo oh, RRICHES R
T 5 EHRBINT,

MHERE L L CIE MWCNT & D /h& v SWCNT ZIEBEHG I L W=7 AR B S EERT
12, —BMO~I U7 7 =T OGS & B BMEERDOEIC, SEEMRREE DL WHEE
DRELIRD HENT WD ¥, EBIT, ApoE-/~F T VYAV 2=y 797 A% AWZERTIE,
KERI b2y FUTOINVEF4 VB, BAINVKRZMEEROELZEI I bavy R 7
DNA BEEMRSh, 77 u—AMBIREILGEDEITEHMIET 2 2 LAVREN, HFERIZAY
AATESWONT BEFHE LR THEEIRE I TR E Y, T/, <7 A2 MWCNT (200
~ 400 ug) E REVNE T L2EBRTIX, —BUEOROKERISICME T, #5EIKIE LM
IMEOTEMAL & SEEVER DTG 2 IR L TV A TTEEMATRIE S TV 3 ©, BEOIRETIE,
MWCNT % SWCNT 2 R BRSSP HESKGTHI LY, TLVF-RISEHERT S
EPHEENTVE ™™, ThODBRIE, H—KVF /) Fa—T7PEERAERICBAT
HZERRTHDTIRRVD, Dkl & bREMRE OBMEE L TEANORERIIKEY
RIZLTWAZ LERLTWA,
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ABSTRACT — A possible teratogenicity of multi-wall carbon nanotube (MWCNT) was assessed using
ICR mice. MWCNTs were suspended in 2% carboxymethy! cellulose and given intraperitoneally or intra-
tracheally to pregnant ICR mice on day 9 of the gestation. All fetuses were removed from the uterus on
day 18 of the gestation, and were examined for external and skeletal anomalies. In the intraperitoneal
study, various types of malformation were observed in all MWCNT-treated groups (2, 3, 4 and 5 mg/kg
body weight, intraperitoneal). In contrast, such malformations were observed in groups given 4 or 5 mg/kg
body weight, but not in that treated with 3 mg/kg in the intratracheal study. In either study, the number
of litters having fetuses with external malformation and that of litters having fetuses with skeletal mal-
formations were both increased in proportion to the doses of MWCNT. The present results are the first
to report that MWCNT possesses the teratogenicity at least under the present experimental conditions.
Mechanism(s) to result such malformations is yet unclear and further experiment is necessary.

Key words: Multi-wall carbon nanotube, Nanomaterial, Teratogenicity, Hazard identification, Mice

INTRODUCTION

Carbon nanotube is a new form of the technological
crystalline carbon and one of the most anticipated nano-
materials, because of its unique properties suitable for a
variety of industrial products such as high strength mate-
rials, electronics and biomedical apparatuses (Martin and
Kohli, 2003; Scott, 2005). On the other hand, potential
hazards and/or risk for humans of carbon nanotube has
been concerned, and large efforts have been internation-
ally being made to investigate and evaluate them (Lam
et al., 2006; Pacurari et al., 2010; Hubbs ef al., 2011).
Among those, a possible carcinogenicity has been con-
cerned most, assuming the structural similarity between
carbon nanotubes and asbestos. Takagi er al. (2008) have
first reported that multi-wall carbon nanotube (MWCNT)
induces mesotheliomas, when intraperitoneally adminis-
tered to male p53 gene deficient mice. Shortly afterwards,
Sakamoto et al. (2009) have demonstrated that the carci-
nogenicity of MWCNT is a universal event and not spe-
cific to mice or genetically modified animals, by showing

the mesothelioma development in male intact (not genet-
ically modified) rats, intrascrotally administered the same
MWCNT. Since then, carcinogenicity of MWCNT has
enthusiastically been being studied but the mechanism(s)
of such carcinogenicity is yet not clearly understood.
Because the damage to DNA, directly or indirectly, by
MWCNT is to be evaluated by prenatal stage, a possi-
ble teratogenicity must be another big issue for the risk
assessment of MWCNT. To the best of our knowledge
there have been no reports dealing with this issue in the
literature. In this content, the present study was conduct-
ed to assess a possible teratogenicity of MWCNT.

MATERIALS AND METHODS

Ethical consideration of the experiments

An experimental protocol was approved by the Exper-
iments Regulation Committee and the Animal Experi-
ment Committee of the Tokyo Metropolitan Institute of
Public Health prior to its execution and monitored at eve-
ry step during the experimentation for its scientific and
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ethical appropriateness, including concern for animal
welfare, with strict obedience to the National Institutes
of Health Guideline for the Care and Use of Laboratory
Animals, Japanese Government Animal Protection and
Management Law, Japanese Government Notification on
Feeding and Safekeeping of Animals and other similar
laws, guidelines, rules and et cetera provided domestical-
ly and internationally.

Animals

Specific pathogen free Crlj:CDI(ICR) mice, 5 weeks
old, were purchased from Charles River Japan Inc.,
Kanagawa, Japan and were sufficiently acclimatized
before use. Mice were housed individually in plastic cage
(180 x 305 x 110mm?) with cedar chip bedding and free
access to the standard diet CE2 (Nihon Clea, Inc., Tokyo,
Japan) and water. The animal room was maintained at
23-25°C with a relative humidity of 50-60%, with 10 ven-
tilation per hour (drawing fresh air through an HEPA-fil-
ter, 0.3 um, 99.9% efficiency) and on a 12 hr light/dark
cycle. At 8 to 13 weeks old, a nulliparous female was
housed overnight with a male and the next morning the
female was checked for the presence of a vaginal plug.
The day when vaginal-plug formation was observed was
regarded as day O of the gestation.

Test chemicals

The presently utilized test chemicals, MWCNT
(MITSUI MWCNT-7; lot number, 060125-01k) was
exactly identical to those used in the carcinogenicity stud-
ies in p353 gene deficient mice (Takagi er al., 2008) and
in intact rats (Sakamoto ef al., 2009). MWCNT was sus-
pended in 2% carboxymethyl cellulose sodium (CMCNa;
Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) solu-
tion at concentrations of 0.2, 0.3, 0.4 or 0.5 mg/ml for
the intraperitoneal study to achieve a uniform administra-
tion volume of 10 ml/kg body weight. In the case of the
intratracheal study, 3, 4 and 5 mg/ml suspensions were
prepared to achieve a uniform administration volume of
1 ml/kg. The control (0 mg/kg body weight) animals were
received 2% CMCNa solution, intraperitoneally or intrat-
racheally, respectively. These suspensions as well as a
vehicle 2% CMCNa solution were sterilized by an auto-
clave at 120°C for 20 min and vigorously mixed by hand
shaking immediately prior to the administration.

Animal treatment and assessments

Two independent experiments were performed. In
experiment 1, pregnant female mice were given a single
intraperitoneal administration of MWCNT at dosages of
2, 3, 4 or 5 mg/kg body weight on day 9 of the gestation.
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On the other hand, in experiment 2, mice were given a sin-
gle intratracheal spray administration of 3, 4 or 5 mg/kg
body weight using intratracheal aerosolizer (MicroSprayer
Model IA-1B; Penn-Century, Inc., Philadelphia, PA,
USA) on day 9 of the gestation.

In either experiment, body weights of mated females
were measured daily, and clinical observations were
recorded. All mice were killed on day 18 of the gesta-
tion under light ether anesthesia. The liver, lung, spleen,
heart, kidney, thymus and tracheobronchial lymph
node of each dam were removed and weighed. Periph-
eral blood was examined for the leukocyte counting by
Sysmex KX-21NV. Blood films were made, stained by
May/Griinwald;Giemsa and counted for the subtypes of
leucocytes under the light microscopy.

The uterus was opened to examine for early and late
fetal deaths, and to record the position of dead and live
fetuses. The numbers of implantation sites and corpo-
ra lutea in the ovaries were also counted. Each live fetus
was weighed and examined for external anomalies. Fetus-
es were fixed in 95% ethanol and stained with Alizarin
Red S (Dawson, 1926) to examine skeletal anomalies.

Statistical analysis

Scheffe’s multiple comparison was applied for the
organ weights of dams, maternal body weights, number
of implantations and live fetuses, and fetal body weights.
The incidence of pregnant females and of litters with mal-
formed fetuses, and the number of malformed fetuses
were analyzed using the Chi square test. The rank sum
test was used for data on the resorption and the percent
incidence of malformations (Nishimura, 1976). The trend
test (cumulative X2 test) was performed to evaluate the
significance of the development of malformations by the
administered doses of MWCNT.

RESULTS

Experiment 1, the intraperitoneal study

The pregnant status is summarized in Table 1. No ani-
mals died after the MWCNT administration. While most
of the mated mice were gestated regardless to treatments,
1, 1, 6 and 6 pregnant mice, which were dosed 2, 3, 4
and 5 mg/kg body weight of MWCNT respectively, did
not have any living fetuses on 18 day of the gestation.
The statistical significances of this change were obtained
in the 4- and 5-mg/kg groups. Similarly, the rates of ear-
ly resorption of fetuses were significantly increased, with
the number of live fetuses per litter being decreased, in
these groups. In addition, the body weights of live fetuses
were significantly lower in the 2-, 3- and 4-mg/kg groups,
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Table 1. Experiment 1; pregnant status

Reproductive parameters MWCNT dose (mg/kg body weight)

0 (control) 2 3 4 5
Female mated? 11 12 12 15 10
Female died? 0 0 0 0 0
Female gestated?® 10 8 9 13 9
Female with >1 live fetus 10 7 8 7* Kl
Corpora lutea/litter* 15819 156+ 1.6 16.0 £ 4.1 154+18 144 +£22
Implantations/litter* 145+25 144 +1.5 123 +£2.7 14.0 = 2.1 12.7 £ 3.8
Resorption of fetuses(%)»*

Early 11.0+13.5 353 £349 41.7 £ 34.8 67.1 £ 38.8%*  81.7 & 28.2%%*
Late 1.7 £ 3.7 2434 0 1.6 + 3.1 09+26
Live fetus /litter* 126 £2.6 95+5.1 73+ 4.1 4.8 £ 5.8%* 1.4 4+ 3.3%=x

Body wt of live fetus (g) #
Male 1.48 £ 0.10 1.29 + 0.08* 1.28 £ 0.10%*  1.31 + 0.08* 1.42 £ 0.12
Female 143 £ 0.13 1.23 + 0.09% 1.24 & 0.12% 1.21 + 0.11%* 1.33 £ 0.02

b Number of animals with vaginal plug. 2 Number of animals died before the scheduled sacrifice on day 18 of the gestation.
» Number of animals with implantation sites. ¥ ‘Early’ was defined as a case showing the implanted sites and amorphous mass,
while ‘Late’ was defined as a case showing the head and limbs. # Values are the means £ S.D. The percent resorption and foetal body
weight were obtained by averaging the value for each litter. Asterisks represent that the values are significantly different from the
control value (¥, ** or *** indicating p < 0.05, 0.01 or 0.001, respectively).

but not in the 5-mg/kg group, than in the control group.

Figure 1 illustrates changes of the maternal body
weight, of which increment was retarded by MWCNT
with a dose-dependent tendency. The body and organ
weights and leucocyte typing and counting data of dams
are summarized in Table 2. The final body weights were
significantly decreased in the 4- and 5-mg/kg groups.
The liver weight tended decreased in the dose groups but
changes were not statistically significant. The weight of
the spleen was significantly increased in the dose groups
but no other adverse effect was evident. The numbers
of total white blood cells, neutrophils, eosinophils and
monocytes, lymphocytes as well but lesser degree, all
tended increased in all MWCNT-treated groups. The sta-
tistical significances of these changes were obtained in the
3-mg/kg group for the total white blood cells and in 2- 3-
and 4-mg/kg groups for the neutro- and eosinophils.

The incidences of malformations were summarized in
Table 3. Various types of external and skeletal malforma-
tions, such as reduction deformity of limb, short or absent
tail, cleft palate, fusion of vertebrae, hypophalangia and
hyperphalangia, were observed not in the control group
but in all MWCNT-treated groups. Whereas respective
incidences of such malformations were a few, the ratio of
litters with malformed fetuses, the percent incidence of
malformations and the ratio of malformed fetuses were
all increased in all MWCNT-treated groups, most of them

65 1

—O— 0 (control)

60 -

Body weight (g)

40 +

35 A

8 9 10 11 2 13 14 15 16 17 18
Day of'the gestation

Experiment 1; changes of the maternal body weights.
The arrow represents the timing of the intraperitoneal
administration of MWCNT.

being with the statistical significance. The trend test eval-
uated that the development of skeletal malformations
by the administered doses of MWCNT was significant
(p <0.05).
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Table 2. Experiment 1; body and organ weights, and leucocyte typing and counting of dams

Items MWCNT dose (mg/kg body weight)
0 (control) 2 3 4 5
Number of dam 10 8 9 13 9
Body weight on day 9 of the gestation 36.1+1.3 353+1.9 352+29 352+£26 346+24
on day 18 of the gestation 62.4+2.8 55.7+12.0 492 +79 46.3 £ 11.9% 38.8 £ 9.4%¥*
Organ weight
Liver (g) 3.11 £ 0.40 3.17+£0.53 2.99 £ 0.49 2.80 £ 0.52 2.42 +0.64
Kidney (mg) 478 =133 503 £52 447 £+ 48 472 +£ 55 452 £ 55
Heart (mg) 179 +£ 17 180 + 23 167+ 18 165+ 16 157 £22
Lung (mg) 189+ 8 181+3 176 =20 188 + 15 202 +20
Spleen (mg) 145 £ 40 297 + 88* 323 &+ 86** 333 4 99%* 372 & QL HHE
Thymus (mg) 26.6 £12.9 226+ 54 17.2+9.2 253+ 7.4 37.8+15.0
Tracheobronchial lymph node (mg) 74+83 73435 8.8+45 6.2+4.5 14.6 £5.1
Leucocyte count (102/ul)
Total 47 £ 19 115+ 34 124 + 48* 109 + 68 82 + 38
Lymphocyte 28.9 % 11.7 38.8+£12.0 33.6 + 15.1 33.0 £35.7 239114
Neutrophil 150£7.0 54.6 + 19.2% 66.1 = 23.0%*%  53.6 4+ 37.0% 46.5 +£23.9
Eosinophil - 09£0.5 17.5 £ 14.1**  16.1 & 8.9%* 15.5 £ 8. 1%* 6.7+5.0
Monocyte 1.9+ 1.7 4.1+3.0 82+7.38 7.0£42 5.5+4.0

Values are the mean + S.D. Asterisks represent that the values are significantly different from the control value (*, ** or ***

indicating p < 0.05, 0.01 or 0.001, respectively).

Table 3. Experiment 1; incidences of malformations

Items MWCNT dose (mg/kg body weight)
0 (control) 2 3 4 5
External malformation
Numbers of litters with malformed fetuses/examined (percentages in the parentheses)
0/10(0) 2/7(28.6) 2/8(25.0) 3/7(42.9)* 1/3(33.3)
Percent incidence of malformations* 0 9.2+ 18.8 3.6+6.8 4.6+6.5 6.7+ 11.5
Numbers of malformed fetuses/examined 0/126 3/76* 3/66* 3/63* 2/13%%*
Numbers of fetuses with
short or absent tail 0 2 1 1 0
cleft palate 0 0 0 1 0
reduction deformity of limb 0 2 3 1 2
Skeletal malformation
Numbers of litters with malformed fetuses/examined (percentages in the parentheses)
0/10(0) 4/7(57.1)y+* 3/8(37.5)* 3/7(42.9)* 2/3(66.7)**
Percent incidence of malformations? 0.0+0.0 14.4 +18.1 11.1+£21.7 11.9+19.2 40.0 £ 52.9
Numbers of malformed fetuses/examined 0/126 9/76%** 7/66%** T/63*H* 5/13%**
Numbers of fetuses with
fusion of ribs 0 3 1 2 0
fusion of vertebral bodies and arches 0 6 7 0 3
hypophalangia 0 2 2 3 2
hyperphalangia 0 0 0 2 0

#Calculated by averaging the percentage in each litter (i.e. numbers of malformations/fetuses) and shown as the means = S.D.
Asterisks represent that the values are significantly different from the control value (*, ** or *** indicating p < 0.05, 0.01 or 0.001,

respectively).
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Experiment 2, the intratracheal study

The pregnant status is summarized in Table 4. No ani-
mals died after the MWCNT administration. Most of the
treated mated mice were gestated, and all of them had liv-
ing fetuses. The rates of early as well as late resorption
of fetuses were increased in the 4- and 5-mg/kg groups,
respectively, but these changes were not statistically sig-
nificant because of a large dispersion. The numbers of live
fetuses per litter in MWCNT-treated groups were well
maintained, although slight decreases were seen in the 4-
and 5-mg/kg groups. In contrast, the body weight of live
fetuses was significantly lower in the 5-mg/kg group.

Figure 2 illustrates changes of the maternal body
weights, of which increment was retarded in the 5-mg/kg
group. The body and organ weights, and leucocyte typ-
ing and counting data of dam are summarized in Table 5.
The final body weight was significantly decreased in the
5-mg/kg group. The weight of the lung and tracheobron-
chial lymph nodes tended increased in a dose-dependent
tendency, and the statistical significance was achieved for
the lung in the 5-mg/kg group. Lungs of dosed groups
looked blackened. The numbers of total white blood cells
tended increased in a dose-dependent tendency, and the
statistical significance was achieved in the 4- and 5-mg/kg
group, but the magnitude of this change was not so high.
The numbers of all types of white blood cell looked
increased in some MWCNT-treated group, but the chang-
es were modest and lacked statistical significances.

Table 4. Experiment 2; pregnant status

The incidences of malformations were summarized
in Table 6. Various types of external and skeletal mal-
formations, as seen in experiment 1, were observed not
in the control group and scarcely in the 3-mg/kg group.
In the 4- and 5-mg/kg groups, however, such malforma-
tions occurred frequently and significantly. Typical fea-
tures of the reduction deformity of limb and the fusion
of vertebrae and ribs are demonstrated in Figs. 3 and 4,
respectively. The ratio of litter with malformed fetuses,
the percent incidence of malformations and the ratio of
malformed fetuses were all increased in 4- and 5-mg/kg
group, most of them being with the statistical signifi-
cance.

DISCUSSION

The present results clearly elicit that MWCNT is ter-
atogenic in mice, at least under the present experimen-
tal conditions. This is the first report demonstrate the ter-
atogenicity of this nanomaterials. Also, there is no report
on teratogenicity of other exogenous fibers such as single
wall nanotubes, asbestos and glass fibers. It is sometimes
difficult to judge teratogenicities of chemicals, especially
when the maternal toxicity is present. Because the mater-
nal toxicity was in fact observed in some MWCNT-treated
groups of the present study, one might consider the mal-
formation of the fetuses only reflected and thus did not
necessarily indicate the “true” teratogenicity of MWC-

Reproductive parameter

MWCNT dose (mg/kg body weight)

0 (control) 3 4 5

Female mated? 11 12 16 6
Female died? 0 0 0 0
Female gestated® 10 10 15 5
Female with >1 live fetus 10 10 15 5
Corpora lutea/litter 146+1.5 16.0£1.8 15118 15823
Implantations/litter 128+ 1.6 148422 13.8£2.7 11.8+£29
Resorption of fetuses(%) +*

Early 9.8+ 134 8.8+84 21.0+£2938 20.0+17.7

Late 20+4.6 0.6+1.8 08+22 6.3+10.1
Live fetus/litter* 11.3+£2.1 133+1.5 10544 8.8+£29
Body weight of live fetus (g) *

Male 1.41+0.14 1.36 £0.12 1.23+0.19 1.07 £ 0.20%

Female 135+0.13 1.31£0.11 1.19 £ 0.19 1.06 £0.18%*

" Number of animals with vaginal plug. » Number of animals died before the scheduled sacrifice on day 18 of the gestation.
3 Number of animals with implantation sites. ¥ ‘Early’ was defined as a case showing the implanted sites and amorphous mass, while
‘Late’ was defined as a case showing the head and limbs. # Values are the means = S.D. The percent resorption and fetal body weight
were obtained by averaging the value for each litter. Asterisks represent that the values are significantly different from the control

value (* indicating p < 0.05).
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