5—3 FTIVARXDH—RT T v 7R+ Freferencell AV 72 CNTs D2 21
B2
5—3—1 WHFZXT / VA XDI—RT Ty 7RFTHD

—RIZTTR SN TV 5 2FEEORERFLEA L. o2 e otr L,
FIF LR LT LB %, EERETHEKEE (SEM) TRRZHE
Liz& 245, EEFIOmOIEIFH—2RRFREEL Wz (K8a) . SbIT
SEMTHEIE LT %, =RNAX—oBB X5k (Energy Dispersive x-ray
Spectroscopy: EDS) & HWNTImRMAR AT 21T o 72, i RIZWE & HCH%I99.5
wt% T, FITHIFIC L > TER S TZBWERNaCSHEENTEY . FLmEiE
HEIRTMENTWD b bE L2 b, —BOTERI—FRT Iy 7%=
vhe—E LT, BAERFORFOT v oifiaitofzb 25, Fizar b
P— L EIZERL I~ v 7 b Thole (E8b) . &HIZHATETHME

(TEM) THEIZETL L, BEMEDORFII—ROI—R 7T v 7 LIZIERL
FEROKLF CTh otz (M8c) , UbEbV, BABRIFTORTIIN—FRT T v
ZDHDTHY MWCNTs LEI LT/ HA ADH—RAFTHDZ LHH
BN 72[97],

—F201286 2, 7> ~—27H 5 “Chemical Substances in Tattoo Ink” &9
H A NIVOREZENRFKE I NT[475], L. Danish Technological Institute in
co-operation with Bispebjerg Hospital and the National Food Institute, Technical
University of Denmark 3T > 727w =7 MFFET, h—R 77 v 7 I13EBED
FEOEEREDTHDI L, TON—R T T v 7 OEFIEITozE Z
A, EMFRNEEMICE BER Rt 2 L BEE s,

HIFIEL. KEOENPOERLREDADEICEDIAEFNTNDH, AMEIZKE
REEFELTELT, BETHLEZOARFATHEZANTNS, T2
LREBRAIZANE~DORZEEDEEIN TWDESMETHD V2D, DR
FN, CNTs LR UL T/ A XDOH—R AT T, REMEORNI—R T
Tl BB ENHERTE D, CNTsDreference s L CEEITH S EE X T2,

5—3—2 CNTs&W—RUT T v ORI B
ZORFICHWSNDERIZE R —R T T v 7 & CNTsDreferencel
WD TeDITIE, MEORENRSH DBE—HEL TWD Z EREE LY, Bulk
materialsiZ, BFERDRVERR-TWTH, EERMLREEL TAH-OICHED
reference N EH LI TE Y, KX MBS EZEMFMMEAEEs=NTND, T
X, TCRREOHANEBIN TELNLLAREICL R o7, LxL, T /T
DEEMENL. Zivh breferenceZ R L TW\RITIUER 7220, EDERIZ,
BN TW D LD EEH Lz FN, ZeMiMEoRBENEL 25,
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KT WVE ORI A ICOFETE AN, RE L LTETF SN D1E, AL,
K& &, IR, KELFETHBH[476], =D 4 ODEMEIZSNT, CNTs& I —=R
YT Tl EHE L (£2) , HBIZEDICHEOEWKRETHY, AL
T3, REZIFTEBIZT /PWELEWVWHI AT—HELTWD, Zihud, BfETS/
WEIZ 3 SDRITD 1 DL EN100nmEA T Db D & EEMICRIm S TS 2
ENDHA LN TH B[477,478], TR, ONTSITREHERRIFTH—R 7T v 7
WIERIRBLFCTH Y . BRoTW5b, RE(LFIIRA ROSBEFENRH DD, K
ML BUKMEIZDET L ENRL R TH D, CNTsIZBEKETHY . I—R
V7T 7 bREAEE LW RITIVUEEARIIZITEAETH D, DX,
KLFWEDRERNBRADDFFED S B3 OBR—HLTWBI b, I—FR
75 v 7 %CNTsDreferencelZ iV 5 Z L%, BRI TH D, ki & Bk
BT DBENRHDHT-DI, TNEBETHHREENLND DS LRy, LML,
ZHZF e R UL b Dreferenceld H D /22, 10 LA ZIUE ERHIEDELIT
WAWENRAERIERENTEY, ZOREENRABETEITFENTND Z L,
iz @ O] Zereference N 2N Z E BB A NIL, LD TEERBATHS, £,
F ) RIFPEHEIRTH D Z L ORERIZ OV TOERIFHEIZ6 — 2 FETITH 28,
FERR7EIT 2R X, in vivoD IR DAL FERIT ISV TCNTSIZ L o TRIE MRt
LZ2WEML Tl T/ R FBMEHER Th B Z & o — Nideu,

CNTs& H—R> 7T v 7 OMEBRRILTH D LV D Z L, FIRELES
RO, IR UMEDOEWRETH LD, BEZEEL L TE2TOERS
TOTLNTELNROLTH D, RTWEDOGE., RFESCHRBELFRIT2Z &
TREER Z R, BRLBELEEZEEL L THETEXAZ Lk, ek
T EAT ORI E DD TRERFIATH D, I—ART T v 7 i3thor ) wE
HEBEMENER T 25610 | A FERNESMFER DreferencelZ AV 5 Z & 23
ARETH D, L, BEPRESERLIWEOHZEIZIE, BEEZREUEL LT
LB 2 Z EMTERNTZD, R CMOEEEZER LRTNER LT,
FHEHPELIBE LKL 25,

—7J5. CNTsLA} D carbon-based nanomaterials & A (KA BHZ i 9 298 S |
CNTslE EZ  id2ns, BEITED I T 5, ffl % iTfullerenesPgraphene %
DDS°A A=V TIZRAWVDHERTONTE Y, 2 b DEKREZEMETE b
BHETHDH[479,480], F7=. fitskF /) VA X TlL7eho fzcarbon faibers?y, IT4E
DOEMWOESTTF /) A ZOEENRE LD K 51272572, carbon faibersid Z i1
FTHEEMEIE LTHERICAWLNTE 72729, 7 L\ nano-biomaterials & L
TEIRBEHFETHDN, T VA XTHH-OOEEMET ML, BET O LE
M BH[214, 481], T LB DCNTsLLFF D carbon-based nanomaterials 222 MEEEAH 12
b =R T T v 7X@ Zereferencell 72 5,
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5—3—3 ZeRR

MWCNTsD Z T DIAARER L, FFICHAWLNDII—R LTI v I %
reference U CEM Lz, #EEIZ. MWCNTsII R Tk ©AM K IER G & &
THRRETHY, KEKSTIEMICHI T HZ EBbrol, £z, KT
WCHDIAENZMWCNTsIZR#ic~ 707 »—PICB VAT, R~ o
TR E S TWNWB I ERBELNI R oT-, T OMWCNTSIZHT 2 5 H]
N RO 2AKOMBKNE. BIFICHAWLNDI—RT T v 7%t
T OIS LI L TV (’9) o ZAUIMWCNTs% A RPRIZHEEDIAATE
B, BT 2AKBFENRBRIFCTHY . FIF LRBICERIChbIZY v o
Ty —VHICRYAENTEELTNDZ E&ERLTNB97],

Wz BIFEDOH—R T T v 7 FreferencelZ FAVN T, in vitroODMWCNTsD AR
EHRBRLE L Con=—HERBREIT o772, MWCNTsIZBEREEIC o =—
FEREREL, FIFEOH—R T T v 7 bRBICRERFHIC2 0 =—Fk%
HE L, BENEL LD L, MWCNTSIZRIFEO DN —R 7T v 7 LY %o
n=—#¥ERLE (K10) ., LEXY ., MWCNTsOMAREMEIZ, fIF O —
R T T 7 LHRTREUTTHDZ ENRALNT2-72[97], T/ KT D
JamE 23T 284, AR TRV a0 =—BARBRIIEELNATETH
D, RESHBEMEORTH, BEROENTZFHMIE L& 2 b5 [402],

KO HIFOL—RT T v F Zreference & LT, BEMEEMW % FAV 72CNTs
D THEDIALFREERBRZITo 7, BBEESWII. BETFEATVATHD
rasH2 mouse % FAV 7= [482-485], ¥T4ErasH2~ 7 A 1Tbulk DA EETE D FE MR
BRICHBEEH SN TWS [486-488], fEHIL, CNTsZ [ TICHEDIAATYH ., F4EY
L BE LRI, reference THDA I —RL T T v 7 ZEBDIAATEEFEIZE
- L2, REMEME I, AL REEEZRBD o (K11) GE
3) . ABETHEDIAATZMWCNTsiZ~ 7 A1kgdh 72V 75mg T, ZIVE TEBE D
VA TN EDIALREBR E HE LT, HLNICEFETH H[89, 91, 155,
304], LibEnn, BEFEAREEEYE AV THIH TIT o 72CNTsO K THE D
AT L BRBHERBROBEIL. ONTSIZRIFO I —R 7T v 7 L RBIZRE
PERFED LI -> 72[98],

UEOERIZEY, HEORDTHDITF ) VA XD —RT T v 7hiT%
referencelZ AUV D &, CNTsOEEMFHMAN TE B L2 R L, 72, AN
HHIALRER, MIREERR, BETEA~Y R 5REERBRR 21T
&L CNTsiIWTN B RIFEOI—R LTI v 7 LRIEUTOEETH-7Z, D
X 91z, T T AR 2 O b )7 e Zreference & L CHW=ZEMERTE
HEBR ATV, RENENUT OFEZ L, ZORBRICE LT, CNTsik
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RETHDHLRMWMT DI LN TE D, WAILBIE, MEOBNA—RLT T v
7 %referencel LT, EARALEFHRAEBRSCEBECEERBEZIToTWVWS, ZET
DORERTIE, TNOOHEBRTHONTSIZII—R T T v 7 L E_TREOZEME
FRLTWA,
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6. BRELEYE

6 —1 CNTsZAEEMEHISRT 27200 E TOREMEFHE

Z DI TIL, CNTsZABMEHIISHT AL L, I ETIIRHEES
NI AEEME L L TOREMEFHEMZE % | in vivo & in vitrolZ 431 TR L7z, CNTs
PAEBHMENIERAT2 AU v MIBHLNTHY . TOREL 25 ERITEIRE.
BAEER, 177 b DDSRR YRS, LA —2>—ORNEEEOR VD
DIEHY ThH BH[180,489-491], ZNOLDSHAMEEORELEZ. ZOF EERICA
N ERTENL, BECEENKESEHRTLIZ LIIHMETHD, 207
DIZCNTsz# AEFMENS AT A2 ERBERE LD (K1) | EERICZ
CNTsOEEEISAIZ—2 b EBR L TWARW[T7], FDHEMIL, CNTsOAEE &
L TDEYEHLEEHEIZHONWT, NN TH D, HDHHLWAERA
HIZERERH B NI DIIEETH D, —OORBRTHEREMEIZERMREH D
EWERMSHNIE, BRERHD LNV ZENTES, LhL, £FCEZL<THD
EWNIH DL, BEINDRENETCELTHD I L 2R L2TRERS
2V, ZOEHIZE, BMAENRWRBREITORITER 63, BREMIZITR
FRETH D, T, FRELFHATCEZSABREEALAENR T, HERKHRTEN
LOFEREZRE L, REROEMZPME TE 2mMBENRYME TT&Th
Do &I TRITIEL, FTUWARMEIZEBRICATZ &1k, &< T&Ehlii
STLE D, CNTsOAEEME~OIEAX, BECZ 0¥ 2 FTIREICEIE L C
W3, ZOMMOBRKDOEHMIE, CNTsZAEEMEHISHA L THEETHHINE
DA FRERAZEIET L. BERISADNARETCH AN EHALNCT A L Th D,

CORELREYRIET A DI, INETICERINRE < OFFREDN, B
FIZCNTsOAEFEMELE U COREMFMICIRVEATEZ, T2 CTHERELRYT
i b0 old, R ENTEXCNTSIZIZRELHETH Y . B FED KI5
FEILLoTRELBRRABZELTHD, 2D, lxDERIZL > TRENRE
RAHBZENRLIZLIZRD N, LML, ZTNOHERA L TCHE T2 LERD
5, TOEMOEDIZARBHTIE, THETOBET I/ CEMEL, ek
B EHFOMERELIRR Lz, 2KV ELN-HARSERIL. IFFEsE
DBREAENROND Z &I, CNTsIZAER B L TAEMFIREED TN E WD
MRS EDD Lo TEI L, BICIEEREINTZRIADIZE A
EM, CNTSITZEER BN ERRTNDE Z & THBH[91, 99, 191, 326,492], Z i
T TITONTZZEOMEEREZRA LoiEmi, @8R ERAE & FE AT,
T 72 B A B A THED TR, CNTsIZAERME S L CEHRERIGHANTRETH
Do
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6—1—1 invivoif%

AR TATE L ST, invivoDHFFE CCNTsBEEMED X 9 2 AEMmIcEb
LZEEREBMEEZETDILVIORBFIIINE TR, X HICEEDHZETIL,
FEE DEWCNTs 2 21X, ARICHEDIAATHRWREITS| - &7, B
WHEE LT D EVOMEMT LA ETH H[58, 89,91, 155, 304], CNTsHIMFEIZ
DoTZFRZ E DI ERB L, 2o/, MR Lok > REEEZRT, E
IOV EBENDIONE W MBEITEETH D, BRAEFE TOCNTsOFHIRF
EROMFERERIT, Z< ORI THEN W EHE SN TV, 191,310], L
ML, CNTsZEARNIZZBIZEAT ADDSOA A — U JI2EAT 5854813,
EHLICHEEDOEWCNTsZ BT 2 MR L, MNEREAZEMICBER LT
NIEZ2 B2, ZD X D BHFRIE. BADZEIZHN S MFRIZHE D FTREER H
BH1=%, HREPTHED 5TV B[86, 144, 306, 312-315], = D7z, CNTsHMMLFT
IZES 2B ADENEREOEFIT, BRICHALNMNIRETHA 5, BHEFR T,
CNTs% MPIC W 2 FHEIC X2 BRGAIL. < 07 —Z PRV OZ2MN

MEINDHET, FETHETHD,

—J5. CNTsZ £ fE & L TRBrcERT 256 Tk, CNTsOMMLBEIZ D 5 5
BENEALNITISERS D, CNTSILEWE TR, KELEE2HE-
TERFCThH A0, MIIZD L RWVBFMENTFET H1XT Th b, Bl TIL,
MR ELBHIBREDOKRE &2 H o/-MWCNTSIZMFEIZ T D ATREME N DI &
EZHNTWAB[310], 72& 2 RBEIMNOLMFICER-72L LTHZOEIIHRD T
el ERIZREREELZ LD I20 80V D BFFERF RN L9, 139, 191, 310],

UED X SIC, 2 FE TOinvivoDHFED L& LA REIRERIL, D7l
& BMWCNTsi, @R LTRINCERTAZ LN T A AEMENE W &
WS ZETHD[152], bHAA, EFEMEE L THERT IEEOEBKICL - T
B WRIE R 2 R g ERAL0, MIRICBIT LT WEMIA H 5 £ & 2 b b [304],
ZDD. FNENOIA THEBBRREI 2TV, R, Bk onF— Rz
WD IRT I 5720,

6—1—2 invitrobf%:

— 5. in vitroDFHERERITAER N EH LV, =1 FE TlbulkD A E B O FMERT
i, ISOICREF SN DR FH R EREENHRE INTVH[467], LA L, CNTs
DX DI JRIF OAEEMENT ALFEWE L bbulkDEFEMELE LR DHE S
Fold, ZTOFMIOFTEIEE > TV o7z, BEETIIRESINZHR LD
IFEAED, CNTsEHERIZTDIZoB "9 2T, ALEWEDO L S IRV K
ST&E, 2T RFYEOFEME L THER LB FELEZ BN D,
20124EIZOECDIE. R LW EIZ DOV T ORER - SMEEDO KRBT T /) ~F
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UTZMZHELTWAD, BRIZX-TIT /) ~T U T IO EbETE
ENRKRBETHD| &IERLTVDH[493],

in vitrolZ B1F ACNTsOFEMEM 7L TR Z DT 2T XV iT 720 0%, CNTsIZES
HETAA RBEROFOMEBE L TWE0E, BHFEICHETAZ L 088 LN
L ThD, CNTSIZERET HER L 1L, CNTsARKOKRE, £&, BIR, ZERO
BUGHE, BEEMR ZITA T, BREBOEE, SHFAIORE, HEREOE
B E2ETHDH[117,263,334], Zhbid, HAEICLEEERHDOT, @5
R 5 2 & A3EE LV N[494,495], TNETOMELR DL, CNTsOKI L E
XDOFEWE, MRBEEICES T 5, SWCNTs~DAEEKIE & MWCNTsD A KK
ST, BHEICBWTEWRSH D, Fl 2 IZSWCNTSIEMWCNTSIZ T, Bk
ARNVAZBELLTV, BEIHLEETHY, BEVWCNTsIZIv I/ v 7 7 —URE
BLENRWZD, BEA P L RAEZFEE LTV, BENREE CIIARWAR,
WADBEIITE I0310-20 u mEL ECTHEREL 2D E WO HENRD B[412],
HEEMEE LTHWDHEOR S ORAMEIIALIZI ATV, 6 —2
BTN E51C, BAO LS IZIEMEC R LR EEZ NS, $i-, FE
DOFEEIZCNTSIZ L > TRV | X BIZREO(LFANESF 21T - 72CNTsIL,
B2 IZBEE+DICRTITERETH D, BREEROREITIELR TEX 20N,
HEE R EVCNTs Tl K& Z2RIEZ A Uk & W 58BN E N [72, 365, 400-402,
407, 408, 496], —F . CNTsOEEMESCHBHIOEENEHRBOERICEE S
B2 B REMENRH D Z LT T /B F Din vitrofF 2210 3538 L = SO A TH
%[483], T FE TOMETIL, FERCNTsE SEFIOREHRFEEZHATND L
EZHNDHDNE3T], 373,385,497, S BT, CNTsOEREM & 438G 2N
REWLL S TRELERD D, TRTNOENHRBR CHER T ACNTIEROE
M, Ing/mln 510 p g/mlE TREREBRHTLEY, fHMEE2 T F I REEZT
5309, 447], 4t Din vitroBFEIL, FIREZR IR 0 MEIRIC BB % 5 2 7oV EEE| o
FEEH & | CNTsH R L RV EEI LR E DR EZHEI L THEEIT ) & Th B,

6 —1—3 invivo& in vitroD 8 B

in vivo & in vittoDF — & OFESMEIC DWW T, e Po(EME L B
CNTsTIZIE & A AL NI 2 TWRV498], ZDOEHE O 1o0%, EEICT 7
WFNAEEMBHCEA SN2 LB 2W=D, HEMEZEDR1ZHDTF —Z 0%
RNZ ETHAHDN, ZIUTEERISH Z 22T VTR L2y, 95 —D2DH
HiZ, invivo ORBR THEAT 2BMESCKR S FIE, invito DR THERT 51
FaOFEE, BERERE, BRICBEL 5 X DA RERN, BBl Eh i
WZ LIZE D91, £%IZ. INODERE—EICL T, BERNCT —F 24
Bh, 27 b U AD LD /NEMIZIBIT A CNTsDin vivo & in vittoD FHE
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SMmOFERMEZ B S I LTV Z ERNUETH B[191],

6 —2 CNTsOZ2MFHMD /=D OiE ] 2 reference
6 —2—1 Reference®D BN

TIVE THRER INCNTsZ EFMEHIIS AT 28BN T, HERNTIRE
MBI 0501302 <. LB T /BRI L o7z, L., @wxX#Ho
Hine & b ICREMFEICEET 57T 2N B L ., BRERISEREINDIIZLE
Do T, CNTsIZAEAEMELE L TEREMERB WV E W ) IERICEN SN TE 2[S9,
91,99,191], LA L. £ THCNTsOEMEZ G E TS TICHKRLAICEAENh
o TR ROEBRIT, MO 7= O OB Zareference S B0 B 72030 7=
e ThDB, TDORETH - zreference® Bl & 2T HIE, CNTsD 2L
MFIEIE—RUTIE T 5[68], CNTsid, DTN TOEEHELR LT, EA%R
WAGRHFIMERRE LS THARKIIIEYTH D, bHEELL EDOCNTs% £ R0
FIZERSED L, EHETRTORYARTHD, ZOK, BEMENELEINT
U Breference N 22 VT VT, EERICEENE D TRWHEZHIET 5 Z L id, R#ET
B2, BIZITCNTs % & 2RI ER S & CHIREFMEZ A DERIC, CNTsh H 5
BELLETIT, MEITBEERTFHEICEEZR S, £ ORICCONTsITHREBER S
HEVSHEREHTDOITRRY Th b, BEMDNEFE I TV Hreference % [FIERIZ
MRIZ/EA S HE TR L 5 ICRERFEHICIEEZ K 2 IE, CNTsiZHEFMEN 72
WEWDS Rt DOFRERNIEEMRTH D, BEMFMIZB N T, ZOX S ICERICER
20T L NEFE S Nizreference 372 1T UL, EMFHNEREMEZFERT D LIIET
R, LOLESRRL, TNETEED—2Y, CNTsOAEH B 0ZeH
FEAM D 72 8 Dreference s R S LTV o 72, CNTsOEMEFEOME RIS —E
B9, BB EE LR 7=0lE, URTHD, EWFEOLREMNHER
ST Breference S 72 3o e BREIE, T/ WA ORI FE OEEMENIZ U
ETEHFELBRNEZZ DN TWENLTH D,

6—2—2 H—RLTITv7

F 4 1 1 D Dreference material (W—R> 7T v 7)) #RH L. 20114 £2012
WG SCCIRE LT2[97, 98], W—R> 7T v 7 IXBWRIFOE/S T, #
FIIANEOFRLFID O AMBIZER S, BETHEL OARITEDAENT
Wb, XoThH—RT T v 713 DEMFNREENBERNZERZ2EDO AN
WL TR ENTE L WR D, I—R T T v 7 ZCNTsOFMEFHE D
referencelZ AV 5 Z 21T, & Z2 L OBIEE DNV INBENR V., RERD,
CNTs& =R T T v 73RN EL B2 506 Th 5, CNTsITHERTH Y |
=R T Ty 7K THDD, RENREBNTHLHEEXHDOLLLT
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Hd, LU, ZIERWVIALOFEREZSBIZBWERX T Thd, BET/
B0 TH D Z L ORIERIZ. ENTHEISIZRONTWD, Zivid,
FBUVVEHEZFIRNE D IAAE NV EWND T & Th D, filaI Vo 1d B frustrated
phagocytosis & FEIZAL B MKRBIZIB Y . LA ML AR ETRELZFRIED L S
T\ 5281, 409,411, 412], LAvL., ZIUTRVVAZIZ KB HaE<e, RapEofR
AL L TERNBTONSIEET, CNTSIZ L W RIEM A ESBERE L O DH
BEUATL1DOHGETH D, M DEDOCNTsE T2 & ORI IR HIA
ATH, —FERIZEBMRRE LELT, $CICEBLTLEI> 2 LT, £
< OWRBIZL > THREIN TV A[58,307-309], ZDOEENL, Pt bE
THAAE ClXfrustrated phagocytosisiZZAE U CWRWE BT & TE D, T7hbb,
in vivoO H D IA A ERER IZ BBV TCNTSIZ L o TRIEDN e L 72 WERAL Trt.
frustrated phagocytosisidZAE U CWRWDEN G, T R FRHERTH D LD
fERMEITR N E VR D, —IREVIT, B EERITISV TCNTsORIEE DS K H M #rke
TAHEMLIZ, CNTsZHRI T & LTHDALZ Lidb Y 2720, LoT, ¥bA L
L7zin vivoDE ®IALRER Z 1TV, Fift T 2 RIED RO b RITiuE, CNTs%
AEMENIIE AT 256810, MHEIRTH 5 Z & ORI,

FHEL BEOE TR L TWDB Z & Mreference DF{ETILAR W, FHUiE,
bulk DAEEMEITH R U T, BN R > T Threference U THER I, +
FEDERENEZRIZLTNDEDTHD[467], BEERZ LIE, CNTsbV—R T Z
I b, FIRTHELENIFH LA T I —DEEMEHIBT 2 nW) 2 &
Th D, mBAIIZE 2 T, bulk DA EL & FIFRIZ, CNTsDreferencelZITFFMHED
BoTHRUATIV—bRBTEII—R T T v 7 2FERTHZ LB
R, EBICERMARRIZ, CNTsb I —R> 7T v 7 b THEDOE NI —FR >
ML TETCNDT, HEFEEL L TR TEHZ L THBH[97,98], FiER
BRA1T 5 BRIC, BEITRFECERBICERT, ERMICER LT WEETH
Do TNHDEMNG, CNTsOME ) Zereference s L THEDOBWI—HR T T v
7 RRET D,

ERRIZ. T E TCOCNTsO AR IEGFHM Dreferencell, B —HR 7T v 7 B3
FE SN2 55 3015292, 365, 381, 499-506], L>LEDRRIZ, h—RTF
VI PERICRETHD LV ), FRBRIBIARIND Z LidR0olz, T
F TIZCNTsODreferencel 1 —R 7 T v 7 BFER L TE 7% < OMEEZEIL.
B2EOEHBL L THI—RUT T v BN ireference TH D L 272 LIzDT
HAHH, bhvbhui, Z OWEFOERIC, [H—Ar 77 v 7 XBVWIIE
DEDZTHLINOEETH D] LWORIMENTINZ 72120 ThD, £72Zh
LOMIDBLEHHDZ b b, O TR LIZCNTsO L2 AT O
referencel L CH—RU T Ty 7 BELTNWDZ EIZDOWNT, < OWFRRENE
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FLTINDEEZD,

6—2—3 [EEEE

H—R T T v 7 BCNTsDreferencelZiE L TW 5 Z L IZEBNE LN D,
T IBRMAT B & Z LiX. I Dreference® - 7-CNTsDEZ2EFEM % | in vivo
Linvitto CLABNIATI 2L ThH D, BB L= L 512, [ERERH 08 L
2] EWNS DR E LW, [fERER 2RV LS DIXRETH D,
TEXBENTEL OMEEN, TEHEITEL ORBREERTLILERDH D, £
DEEIZ, TXTORERE | referencel LCRILBEDO I —R 7T v 7 B2HNT
T2IE, BREHE LT 2 Z LN AlREIZ 2 5,

H—=HR T Ty Vo Thikc RFEENRDH D, TNENDOEMFHREM
IO LT oRERD, ZOHF TCNTsO@E ) ZereferencelZ 72 5 DX, FIFIZMFEH X
NTWBEI—RT T2 ERED, T/ YA XATHEOBWI—RT Ty
7 THH[475], BEERTIE, ERNS0nm, HEEIS % EDH—RT T v
DY ELEBEZX DD, ZOEMROERICEIY . RBERAI—ARST T v I Ek
EL, ERE®LTHZEE2RET D,

=R T T v 7 Freferencell AV B ERICK AT 20 T2 67202 L,
CNTsDHE W H—R 7T v 7 L ORBERICHBLIZ Wiz, H58FE] (—#
BIIE A EIESER) #EELERT 52 L THDH[366-371], CNTsH 312K
OB THREOHBAIN, EEEITMBICRKREREEZRITE RN L%
R L. reference TH DI —R T T v 7 OERIZ S Z O #A & RERICEHS
DNETH D, FiZinviroDRBR OB A R & & bITKRFALBRL TS
L. FOLRBEEIZ L > THOKISS R - TL 5, IERE|Zreference & L9
B1-DITIE, TEDRTRTFREE LTI RWOBENEE LV, Fx 138k
RTIX, 8% & L CTpolyvinyl alcohol R ERETH D & E X TVWB[97], LL,
SEE. B, BV T IR EORTEGITENT-SBHEID & 5 FIREHENR H
D, RIIVEMROBRE LTV, BREEOLSHAZED L NETHD,

6—2—4 RLEUFMOHE

CNTsDOEMEDreference TH DI —R T T v 7 LRIEFITIZNLUL T THI
X TEEMELE LTRE] EFHMET 5, £ORBRITENLL BT O BER L,
A L IPT o N TE D, =R 7T v 7 L oEENRITIVE. HIETIE
Bz 7p B, B E CldreferencelS—2 L2\, T UL EOFEIZERE 1%
RARETH D, LnL, BERBROBEN I —FR 7T v 7 L0 BRIRICENS
B BZTEEZ T TREN 7 Z/MSWER) X, BEETHA S, —FH. CNTs
bH—RT T 7 bEENREL TRITNIE, REIZEERR VO, RERE
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HERBEETRNTRVDDOELENTH D, TNHORIZERLT, I—RYv
75 v 7 &I Dreferencek LT, CNTsDEE 4 R Ml 2 A ER TV
L EBRTD, BALNG, invivoDAEENENREFHMIZIL, h—RT T o
Zreferencel L CHWA Z LIXTE R, T R+ E PR O MPRIZ BT
B0 MIRICRE S TR FRERNO & TITERBT D072 ElE, KT ORROEEE
MDRETEDINLTHDB[327, B—RT T v 7 DL BRERKITFIE. CNTsD
KD IRBHERRLF T AT MR & B ORI OBATRES TH D, LAL, CNTs
DAEERNBE 2 D = Dlilreference & & < LB 720, b LB OFER. CNTs
BHDNEERICERBT A ERHAONI R -T2 6, T DRETCOAEEK RO
WZIid, =R 7T v 7 %&reference & LT, CNTsDHE DAL ZIT 21X LV,

6 —3 CNTs#x AW To A KR O BRI OB

AR TR TCERL LI IT, MEDOEW., KD 72\ pristine OMWCNTsH 4
AR E LTOREMENREWZ 1T, ThETOLL OBIZEEDE Iz LY 3
LIz o Tz, MWCNTs%Z BFTICER T2 Z ik, -OBEBED X 5 288725
ALTRITIIE, AMRICZETH B[91, 191, 305, 306], DDS7: & CILFRIZ OF B 1f#
RAFEOREMEIL, BRFACHTSICHERINTOWRWELET & Th b,
IHITFAT., FFIERESNAEI—R T T v 7 Ly HreferenceZ AVT,
pristine OMWCNTSS I —R > 7 T v 7 L RIFU LOREWRHDH Z &L 2 b H
2 L7-197, 98],

CNTsZ ARG T DN B EICHES, Rk L RN X 2 3]
THIUE, EFEE LCRERTFREENE DD TENE W HERE L
e, AZZFBERE D o CCNTsOBRISA IR+ 28 Th 5, Fxld,
JREMEEDY99.5% LA b, FHHEEKI60 nm (40-90 nm), FHE K10 m, IEEE
FE25-30m%/gDCVDE Tl L 7ZMWCNTs (MWNT-7, Hodogaya Chemical, Tokyo,
Japan) Z AW T, BEERISHAEZBMAT A TFETH D, bHAARDEREMENRE N,
CNT%SwWt% LA T LOvE £ WEEMBIOBRKISHA TH 5,

6 —4 CNTsz AW AEEME OBRRISHOER

CNTsDEERGAIZBWTEE /R Z Lid. b LERFERFENSREET S Z
EThHDB, Tbb, CNTsOREREIGRIZ, BEREDOKE I Lo TEEEBAT
BTN RETHD, CNTRESEIKIF 2, FEHTAR B EE ), kI
FOEERBEBNRDIVDEZNNT, BRELZFHME L, StagenFE L7z (F4) .
BUIDOBRMEIL., CNTsZEAME LTA 7T MIERT HStage 1 TH D,
— R ICEAMIZBIT ACNTsOEHBIXIOWB UL T TH Y . A{RPIZCNTsAHL
FLLTEHTAZ ERELI BV, LD THRY, Z07kD, CNTEED
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FIREDS ARICAE U B ATREMEIZ RV v, oD TRV, vk, &FIDOCNTs
DAEEISH L LT, RIIROMWCNTs & BEFOEEMEI OB &M%, N L& %
TIEHEBEEMENCER T2 Z L 2FE LT3,

ATEEICBWTiE, MWCNT/R Y =F L U BEEM EMWCNT/ 2T 2 v 7 A
BEMEREL NS, ALESIOEHTICHNOGNTWARY =F L 38
BoFER Y =F L (ultra high molecular weight polyethylene: UHMWPE) T
L, REFERALTWD EEREL THFINPLEITR 5[242-245, 507), Z D7z
DHEI B AY 7 UHMWPER WSO ND K 9122 o720, S EITET T
LTV E WS RIENA LTV 5[508-512], MWCNT#H -G UHMWPE(IL, EiE
LI KBEELIZS WE WS | TERER L AR Do T E2E 757D, AL
BgEioBHHMIcE L s (®12) , —F, B9 v 7 A ALEHOHE
EBICHWOND, BT I v 7 RAFERET L Z LIED VR, BELLST W
DICEFMBMLEIZ/2H[513-518], CNTEEE T I v 7 R THEEEER
e, BRELIED Lz, B N TEROESIMICR 5,

FHEE EMEHTIZ. MWCNT/PEEKEAS# 2B L T2, PEEK IX4AWEH)
REMECHEBIPRHEICB W TENTEFEZ DD, £ OFREMEEZ MO - E K
BT D[519,520], Lo LEHMEMEN D, FHEER  —YD X5 2FE
EHETHA T T MWD L, BEADATHICRD VS MERb T
[521-524], MWCNTsIZBFBEREZHT D Z LB, Hx 2EDTEL OFFRT—
LMBIEEN TV B[58, 62, 63, 67, 213, 215, 216, 218, 525, 526], MWCNTs%
5T HTLIZX Y, PEEKOEBIRELZ SO ES®HD7ET TR, BER
EHETHZ LR TEE BEENREHEEEM NS (K1 3) .

20124F9 A IZECIZEFMER~ DT ) FHREBBE O A HAMEREZREK L, T
=T VT NEERERESBICELCERRTLI L L, BRROBRELZRT
Class MIZHHET A Z EEBBE LN, 2O LD REFEHKEZ AEO B CHER
L7zBAIe, 7/ =T VT ARBERBIUEREDERN~EATIOETE
DDOH T EMERFEEEDH RN INTWRWERIZRS & L7z[527], T/
bbb, CNTsEEAEE L TEEMBHIERT 25810, B EFBELTWS
7o, EHPREIDE SRV ATREERH D, T DL DI, Stage UIBREN X b
DTEL ., FEOXHA L LEEERNFRE I 2O, 49 IEEBLTHM
R ntEZ 5,

WIZCNTsERIF & L CAMRIEHAT HStage 2IZA B0, F R+ WENERE
KEBET D ZOEME, BYOREZEMTHDL, ZOFERFEIX. FRDOEC
DEFRN? O bIERRBIORMRIZ2 Y | MEICHERMZ2EREDLETHD &
EZ2D, T0H, AYMFHEESEFEOEBREESEBE I NRIC, ik
Pl TN TWNA Z ENFHRETH D, BWIELT RFT COBERICRET S
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EThHD, LDb, CNTsEHAWARRXT7 4 v bRV X7 L VED TEVIER T
DEERM, EEEZH XX TH D, MIZHERTDHIFEENRLRV, HDHVIICNTsD
RESEREICERNTHIEHE, ThbbBIEE~DEATHA S, ik,
BIECNTSICER b EIFF SNV TV ABRRISH DB Th D, CNTsERIREDTZDH D
DDSoA A— T FSHT 5 Z ERERRIC A duid, TRIR & RWTIC R B DR
DHIFFTE, Z<OBERREEZITLZ LIIHLNLTH S,

W DStage 3b, CNTHRIFORFTICOBATH S, Lo L, Stage2k W HNE
EMENRRKD bNIZEB~NSHAEZED TV, BEEEREDZEM. BRELED
LD BEMLZE IR WEBRORESRZE 2 & O BFEEICCNTs % BRSNS
D, ZOERMEITER, IBRABLBERETMBIKRE SIENY, CNTsOAEER B~
DISAP— BN 72 D BfETH D, Stage2 & Stage 31E, UV AZIXR L TH AN
NRT7 4w FBRRD,

B2, CNTsZ2EYPDODDSREF DA A —V 2 7O, EHIZL Y Mk
IZRE TEHIZIER S ARBEICISAT 5, Stage 4l2EETeZ L1272 5, L,
Z DOPWHIIAERD TIEEIZIT 5 BN H B[327], 2012E DI 8T, BRMZER S (EC)
TF =7 U T ANREETAEERRLZ20EERA L TCWE, HHAACNTsIE
BFENLTORV[301], CNTsZ A LY ODDSCLE A A — 0 7k, EE
WBWTHBD TEN TH LD, MRICEE TEFEZRFEBRIEDL Y A ZITRE,
CNTHIFDIERNENRESC, (Ll - At - FFR - PRk - B lg7e &~ DR EZ IR
L. EENZRa 225257295 2T, BRIGHICEAG D& TH D,
B R CIL. [F3RAYICStage 4~ DBATHRRRETH D L. £ FRATH B,

INODEERAT —V %, ERIZ—FH—FBES TN ZEREETH D, £
LV ERT—UIZBIT ACNTsOREMENEIEI N, S HIZCNTsO A KR A
Biasm End, BEOERERAKE <ArE L. BmEBRH LWIBEFE
BEZRHEINDTHA I,

6 —5 AWFRZENERHN O E R OB

Z N E TONTs & A RMHBHIIE 1 5 72 0 ORI 72 23 i R TfT b
TEER, ENENOMREIZL > TRHMOIFERRL D | HEREKE— L THER
TERWVWEWNWIZERBER DT, T7hbb, BETHRNLCNTsDEENS
FICZAD, centralized toxicity database DIEEENRNF[RETH - 72[91], 5%, A&
YFREHFHMIC D OEREEL BIICEE L, fi— LEFHMEAECITH
NiEBEERBROBREL, T TEERMNICAERTIZENEETHS, THIZE
D, HRAFNLEHEOEETEIIERNBTHEIN, ZLOFEMEROHTTED
e, aE P ARBONTCIERRIRELZ TT I ENTED, CNTs& o T
B2 DFEENRH Y | ALFBEME 1T o ZCNTsIZ DWW IR ER OFBEENRE 2 H

54



N3, THHDCNTsOEKRISHZ TE 27T RENSRHIZITH =0T, &Y
FHIR ST O EREEDOBENS BRAIZHETH H[70, 191],

CNTsOAMKISIZBW T, -CNTsOZ MR MIImD CTEETH S, CNTs
PRI E L CARISAT BN, £ELLTDDSTho720 ., £ A A -
VITholzY, BEEROREMTHDLZ 2B UL ZLEALOHET
fLCNTsHER IS, £, ABRICHOELZIEACNTsOBIEEZ ED 57201
. ALFERERRITEZE CH H[331], HR. LONTsITZ D—>—2DEL2M %
R7pTNER B, S DICBREIT—HEA T, CNTsx L W A EKICEEICT 5
77 ¥ D functionalization B HFFE ST 5[257, 334, 528]. EKRRFEFEDLCNTs %
ZhER L < A EHCIS AT 57201213, ZeUFHMhOEBREEOEEN X DD
TEETH?D,

INETOCNTsH ERMEHNIE AT 3 D ORI FMFELEEE X T,
BAZHAN T TWIE, EEMZRAEMFENESEFMOBRB T FhiE K
LWz & Tiden, BERIGHDIEFEHE X T, £3CNTsx BT cERT 5
BAEBET S, BEARNICIE, BYICISOTHEEIL Sz — R Obulk D AL 48 &
B Cin vivorkB& & in vitroRRER 21T 9, ZHFEEL LT, CNTsZD L DIZE £
DR ECNTSITE A SE 0T O—EE L IX 2R3 EH L TE L 5B Z5T
HTAZENBHTHD, RICCNTsHA T JRIFTH D Z & OEA OENZ A
THREND D, ZOFHOinvivorkBRIZ, CNTsk AT 2 BET~DHEDIAL
AR CUFEDOREE T I 5 KRB FE L2 RIET 5, in vitrogBR Tl
HAL L= 08F % AV CCNTsE b A LB S E 72 £ T, ISOIZHEILL 7= —
O YE L REORBRE EH T 5467, Z OCNTsEA OFMZFH-XHin
vivo & in vitroDFER T, R U/ KL T8 Dreference & bL# U721 AU, #RMA
TERY, TZTHIRD I —R T T v 7 Zreferencell V5, EEEEOH—
L 7zreferenceZ AV AU, CNTsZ I+ & L CRFTTERT 3720 O EYFRE

- EMFHEOEREEL RRICHEET LN TE %,

D% T, CNTsZ MiZ 'Y CTHEAT 256 ORZEMEFM O EREEOREE
EET, EARMICIICNTsZ +oICBIRICOBM S B 9 2 T, R —iofk
FWE L E CEETinvivolBR 21T 2 LR B THA D, LoL, ZORFDE
T 7ereference & 72 DMVE BT H B 0L, BEERTIIARPTH D, BELLHAE
MPRIZFEE2DDS & L CHRIGHA SN TV D VR WEDOH T, CNTs& /LT
HEEMUATREY, BEEPERINZLORBIZNDETHASAH, TDOCNTs%
MFRIZFE B 5E Oreference DFIRIZHOWTIE, S HDOKERIFERETH S,

WIRIZ LA, CNTsOAMKISHAO BHIN, BECEZORKEERBECHDIE
BESCHAEREOEH THDHU L, AMFNR SO EREEORELEIC,
—ZH BBV BENDEIRETHD, T CREEEIBODTEWVNEEZOND
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CNTEEM DA 7T M, BERISHOKFENE WS, oA 7T
vk OEEFREMESE SN o TR, ROEETCH ACNTsHRITE & LT/E
FTCHE 5 7o IZ, CNTsOAEMFHIZ MM OEREEZHBE L T2 hid
BBV, BEREFIREIIRTRS . EHELRITOIUNENRD D,
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CNTsZ A AT EHI ISR T 228038088 L TV A BB OFE—1X, CNTs EEH
B LTRBROTCENTHATHDIZEPHALNCZRSTE LD THD, HH
DFE X, CNTSITAEEMEE LTREMERBENWERBRINTE 2D TH D,
R EEMERTED L, WOETE - ThERIGH TX 2 REMEN 2V
R 2 e DBEMEITV 20, ERIZI0 %RZETH D LV D 2 LITmER
WCARFIRECH D05, CNTsOAEMRISAMFER ZNETHAF TITOh TNDITS
WDIPP LT RIEZCAERTAERTH D LW IERPHZRNT Lnb, ZeiER
MO TENWEHTHZENTED, ZONEICED> TWAIIEEZEEDIZ L
A EN, CNTSITFEAFEEFEHSA S ZBELRITIITARICZETHD LR
STWADTH A,

CNTsD & DAEEMELE U TOBERI VR RRICHEE CE NI, EHHHD
BERERENNPSEBE SN, EFORSREREERTH LR TX D,
CNTsD b DRER A B~ DISRIBD TEMTH L Z &b, ZDORREKG
RAZEBEI T TV ERFRIREMTmE VWO BEREZ, x4 1INhWEEbET
BRI TERETHD,

INFETOLEOMIEEZDOEINCLY . CNTsITEMEEE U TEARMIZE
ETHHEWVIHIUNERINTEX T, ZD7H, CNTsHHLF & L TAMRICE
TORMREMMEE A LR, RVEZEMENBEWERGIETH H5CNTEEEDA
YT NEBRIDAT AN TV S, ZDOBRCNTsE R & L TARRRT
WCAER S DB BEHICED Bz, BAICHROFEEEN N E DY
THEMFHBZEMFMOEREESBE L CTBUBERHD, ZOBIT, I—
Ry 7T v 7 Oreferencel LB 1 & FET 5, BbAEREDOEVEETH 5CNTs
& MFC R DERSAOERT, & bD TEEICHRE LTIyt iz,

%< OFFE =L OB N L BFORFEDO /T, EMFHREMETMN AR
BRol-b, BRE LT, LOLMLOEELZH-> T, CNTsZ i Lz 4545
BIOBRRMEBICE AN T XETH B,
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