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Safe Clinical Use of Carbon Nanotubes as Innovative Biomaterials
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Shimizu M, Narita N, Okamoto M, Kobayashi S, Nomura H, Kato H,
Nishimura N, Taruta S, Endo M. Safe clinical use of carbon nanotubes
as innovative biomaterials. Chem Rev 114(11): 6040-6079, 2014”
(http://pubs.acs.org/doi/ipdf/10.1021/cr400341h).

This is an unofficial translation and adaptation of an article that
appeared in an ACS publication. ACS has not endorsed the content of

this translation or the context of its use.

DM PNt b A e R e
NAF AT 4 HIVEFERFT e
ERE EA



Bk
1. frhkuaXxrs g
2. CNTsOAEBEMBE~DIGRPFFDOEIR
2—1. CNTsZAEFMBHIGHAT 22 Y v b
2— 2. BIRE~DIGA
2—2—1 RNAF=w—Hh—¢,AA—TT
2—2—2 JEIREDDrug delivery systems
2—2—3 MW=L —FFA LERE
2—3. BEEE~DILH
2—3—1. CNTEAMRIZ L 2 BEERMZ
2—3—2. BMEBELE
2 —3—3. MRMEBEL
2—3—4. ZTOMOMBEE
2—4. A7 T b~DIGH
2 — 5. FBLUSDOERBIFGR DI DDDS~D)GH
2—6. FOMOAEMRKSH
3. CONTsz 4B EHIFER T 5 7= 9 Din vivo BHEFFEOTUR
3—1. AEPNEDIALRER
3—2. ARNENE
3—3 [(LFEHEHHOEE
3—4 FEHEER
3—5 ®BfEAPFL X
3—6 AR fEE
3—17 FOMDin vivoiRER
3—8 /NEWLE FOEORE IDEN
4. CNTsZ&EMEMEHIEER T 572D Din vitro BIEREBRDBLIR
4—1 CNTsOHMMEAN~DEY iAH
4—2 HMREFBHEOAT=XA
4—2—1 BfAFLXA
4—2—2 HE~DOEE
4—2—3 HMEBEEZERTLIHRS
4—3 CNTs& #2287 OFEEER
4—4 CNTsOEBREME. BREE, TRF—VX
4—5 MO TFI T
4—6 FFEOER
5. CNTs% & EHIE 5 72 0 D &2 MEFHl Dreference materialss



5—1 CNTsiZreference & 72 2B 372V B H

5—2 F VA XONTRIFIEN B2 5 HEEME

5—3 F IV ARDI—RUT T v 7 RIF Freferencell AV TZCNTsD R4

PEEEAT
5—3—1 HHFIZT / A RXDOI—RT Ty I7RFThHD
5—3—2 CNTs&H—RUT T v 7 ORED LR
5—3—3 ZRaHERR
6. BRLERE

6 —1 CNTsZAFMEHIGHT 57200 I E TOREEFHENIZ
6—1—1 invivoBff3E
6 —1—2 invitrofff3t
6 —1—3 invivo&in vitroDFHEME

6 — 2 CNTsOREMTHED 72 Dl 22 reference
6 —2—1 ReferenceDLEME
6—2—2 H—RVTTITv7
6—2—3 [EFEELE
6—2—4 REHEFMDOTE

6 — 3 CNTs& Ao AEEAPE O BRR S DR BT

6 —4 CNTs%& AW Te A EAE O BRR A DOEF

6 —5 EYFHREEFMMmOEEREEEDOESE

N
7. /\l:lﬁﬁ%



1. f>vhu&riay

J—RF /) F =2—7 (carbonnanotubes: CNTs) 1, RERFOSEERNY
— MIRIZHE S U 7zgaraphenZ FRIZBRWZEEEZ LTEYD, —BOLO%
single-walled CNTs (SWCNTs), —JELL_E®D % D Zmulti-walled CNTs (MWCNTS)
LIRS, Z DMLIZ E cup-stacked carbon nanotubes<Pcarbon nano horns % CNTsD —F&
EBBRT T ENDHBH[1-3], BAE, T DOCNTsIIIESIZR RFMBE, T/ #8}
& LT, k& 2B CRIRBBIENEFRITITDIL TV D [4-11], £ DAL, CNTs
ZDH OO E AR ERFE, B, ST R 2T T2 THY,
F72CNTs ZMOMEEEETEZ LIC LD B OMENRKRELALTSEZD
Th B[12-23], CNTsDO LERRSAR & L GEEFAMESEL 2>THH0
B, FOENTEREEEZFA LY F UL, AV EROEBRIRNMTH 5,
CNTsZATNT 5 Z LT XV EMDLILELE, BEE CORMZ KIBIZER S
HETND, EBHNNY a - REFEFOLEREL, FTLWEFRRKOMLE, &
[KEFEOLE LR EICE Y BHMEEROFZRIIXETETELSRD I EBHEET
B B[24-30], E£7z. CNTsOEN MBS LN LTZEEMEIR, INT s T
7. T=AT vy b, BEEREOAR—Y AR TEBLINLTWS, 51,
MEHSHBIEORE/LDIZE, CNTsOSHANE/FE I TV 510, 14, 31-35],
FEEERIC S, CNTsO b DM RFHEDOR A 2 A Y v RBFIHSH TV S, b
TUVAE—=RAE Y —IZHWGI, BIIEEREZ AN T ICEIRIZN R EE T,
RHMEA L TbBEELIZS WS Y v =3 cicilifb s Tngd, 74 X
TL—T VEEEASOERS, SBRIERL TV ThA S, £z, HEXN
Ik, BRERR, BEREFEME LERRICH  BE S EH STV 5[36-45],
SHIZ, BADFERFHREEFT TRENEEL, RFHIZRNF—DOMENEE
LBE, KBEBEECRNFEEREOH LV R X —DBZIZ, CNTsAK
EREEIEHES Z LRI TV A[46-52],

—F, BEOFETEH, ZOCNTs ZIGH L7 LWERMEIZBF L, 18K
RBZWHICFIA T A ENREHBEICED I TW5, FlxIE, CNTsZHERID
Drug Delivery Systems (DDS), 1RBURE, EENA A =D 7R L, BEOIERD
PWNIS A B ENIERIT 25 T B [53-57], £72, CNTs ZHAERIZIGH
T AL TIL, B ASCHBREA O B HH Elscaffold materials & L CEILT
WD ENRHE SN TVA[58-63], & HIZ, CNTs ZEEfFDAEMHE EBET D
LTk, BIRARESCTHAME B A 7T v N ORISR EA T
5[64-67], EDOMIZ bEEL4 RBERITK LT, CNTsEIEAT A7 A 7 7 1N E5R
BIfLTWa,

11Z7R9DiE, PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) (accessed 10



May 2013)"C, “carbon nanotubes” & “biomaterials” % F¥— 7 — X & L THRE L7z
RO, BIGRTHOWRE TH D, mEII2005FENOHE LAV ITHEML, =
ZHE CH AR RIS TON A RS EFIC /o TELZ L BRHALMNT
HbD, bbAATID2ODHEMEF—TU—XTITEZ TN, CNTsOEEG
FICET 23T B 2 EH Y. DT T TIZBITCNTsO A& B~
RO % R TIEICRE 720,

Z D & D IZCNTsOAEBMEIA~DIE AN LRSS IR, BEEHR
BIEHIRERAEEELHMO TWIEBO—DIX, BEREXT A4 XTEIN
A7 A AOREIN, EELEORINIZEL TWA7D TH H[68-70], T
bbb, REEPMENBED LNV THEHD, £ETWAHMA~DIER%
a2y ha— L TE LA H D, EFEMICIE, CNTsOXRE L, MIREEEZR
L, B—F—F /77 EORA R REESCE ST UM IZZE LTy
5H[71], ZDEEKEDORRE I Fr—/LTE 5K E S DCNTsE EEMBHT R
AdazZ&icky, B E THMIRITENEZR T, BENLVEL, £~
DERER LD DRNVIERESBWE EBR T 5 AREER S 2,

CNTsZ AR T AF RO 228X, CNTEE O KISETED CTEUVZ®D,
xR FECNTSICHRES SED 2 ENESRETHB[72,73], CNTsiL, 1RE
DO DEY T, ~— A —LRD0F, MBEICES ST D5F. ZErUEkRC
CEELRTL TN TFREEROSTFERAEED STy hh—2 L LTEE,
B S L CEMEER &SE 2D, ~—F 07 L LT, 2EILIA
BB E T A ENREICR D, ZDD, BIERSCHEAERRR PHERES
TRLEERINTCVD5EIC, BB LWENEZEAT S Z & 3HfFT
&5, IVIERCNTsOFRROIGHASEIL, EH-CHIZEME 2 & 0 TR Cldk
<. Bx RBEBOIRESRENCAWV D EMEBHMENC 2 A FREER+2I2H 0, &
BOEREORBOEZEIBD CEERMEITH S,

L, ZHHDCNTsOAEBEMEIE LTDORAY v hTHB/NS 72 A A0K
ERGHEDE S1X, —F CIIERICECEELE 2 DAEENR D 5, HFRFT
BB A~DIR A FESNEEE LTV AIZb b 59, RIZICEFRE AN ER
EINTVRVDIE, CNTsEAEENICEDAATEREORZEMHIIRERH D NET
B BH[74-77], BIE. CNTsORZEMITHIH CTHEDED LIV TNDER, EDE
< BACNTsOWAIZEET 5 H D TH H[78-83], FDHEH L, CNTs% TERIFIZ0N
AT 28I, ANME~DIE D DEBRERE L UTH~DRADF RN E S &
X, TOEMHZRAICHER LRTNERLRNWEDTHD, LL, CNTsk4
BEELE LTRWAHEDOREEMIT, BAICKTLIZEM LI BRD L
X, BN TIERLRWVWEERKRA V M THB[68, 69, 84], CNTs% EEAEHI S
AT 57 0REMFHEIL., MARKTL2ZEMFHMOE 220 AFAICED



AL T2 D DEHFEREERBRZITORITNIERL 2, bbAA, BHERBROD
—HEiX, BRADOEDORBL—EHTHZLNDHD, LLEL DA, £EH
BHZ R b LB R, MR, BEERER, BEEMERBRR %217
MERDD, ZNLOBEERB CTEMRICEZERT LRI T, FIHTCNTs
ZAEBMEHIDH T Z EBFERRIZR S, 0D, IEHECNTsOEEMEE L
TOLEMFMIZE T2 HME LML TV B[54, 68, 85-89], b DEMEIZ X
V. CNTsIZAEEME & LTEREENE N ERHALNTR-oTE 22, HBER
RERELSTETIENTET, MEEZLIEIERL TCWIORBRTHD, T0D
HEL, CNTsTD b OB ERMH B ORI I NE T oTe, T/ %A XDk
FHETHDHTZDTHBH[68,90], CNTsiZ b H A A2 & OILZEWE TIZAR,
Flo, AEMEE U T—ERBRbulk2 8 TidZevy (2 O ThulkZedkr 4
{SFPEE & W 5 FBIL, particles TIXR W FFED R & RAEL MBI 2 BT 5),
iz, BEZEAVLN T D EWAERSEEEZE T IHETH 20, CNTs®
XD B WAERGIREEZ TR T ) A RORFWEIL, T E TOERSYS
FCHWHIL-Z EBRW, FiRRAEEBHEITHh 5,

T VA XORTFYHETHAND X, CNTsOEE TR LT niEe s 7%
WERIIE DO TEZ, CNTsOERERIL, KX, B&, LRERE. RELFE,
{LEFERERDOTEER, CNTsEDH D DKM, MEREICL VEE TR 8T
Y, TRTERICEEEZEZ DAREEND B[72, £, £EREFOESEL
LT, EFIOFEE, S8FIORE, £HREREFE, AREBHELREND B,
S, BREBROEKROESRE LT, BasDfEME, MiROREME, £KF
EELOREELEE. EENSAAR EEBRES LRI IER 5 [91]

IDEICEZTL DL, CNTsOAEBHEA~DISHIZZ DD TEELWWIED
DETHDHIITERLOND, FZD=DIT, CNTEEME O3 T
BHIZEMLTWAILHELL T, REERSAREITHONLTHWRNDT
B 5[10,77], LU, CNTsEAEMEHIISAT A RE 2 AU » BB LMNZAR
STEBIE, BAIINADIEF S TEDEZ OV TWTIEWT R, 52%, Zh
FCOLEMTMICETIMELZE LD TERZIE L, ZOMBESALZRHL
TR L., BERGAICILEND REEFETHD, BRI NEII RS DA
FFNPOTETEY, AMIIRFEZEBR L L TRV TND EWVWZBH[92], &
NWET, LEOANLH, 7% LV ABEREEICHV b REME, AT
(2fE S 47z pyrolytic carbon’ &', ME DEVNRE N D 72 DY & A WETENT
FAWTHEEZ £ U7l —2 % 721 [93-96],

INETDEL DFRETLLPEAERTE LIRS EMICBRRTT5 &,
CNTs%& A FMEHIISHT B 120 DR K ORBESIL. EMENREENERSHL
T B i 7ereference & 72 DRI FHIE N 72 < AWM FERL M2 M 5 LS



WD LRI EBALNTRD, TOEERMERIZ. 3 TIZ2009£1Z
Kostarelos & 23Nature Nanotechnology CTHEAE LTV 5[68], LaxL, TDH b
T Z2referencel X RWNVZH 2 WEE ThHoTr, Tk lid., CNTsOZEMELHD 72D
Dreferences LT, T/ A AOMEOE NI —R T T v 7 BHEEITHD L&
ZTVNB[97,98], ZDEMIL, BEDRFTDERD BT/ FA XOFEDE
=R T Ty 7 ThHY), TNETIERREOANNE 5 OEITEDIAL, %
DEEENEIEINTWNAENLTH D, I Dreferencell DVNTIE, SETHEET
%, WHRFOFE HF CreferenceZ L L TLHHE D b M RCNTsOF R
BREITV., BREMFMOEEREREZBETNII, BHICCONTsZ £ E8MEE LT
BRA REERIZSHT 5 Z L FRRIZ R D,

ARRFBUL, ZAVE TOCNTsDAEEMES ABFZE & £ D% eI IR B 5
HEERBLEFRERBYERE L, ZE TITRE L72H L reference AV 2
Bx OO EZ R L, b ERE L TCNTsOAREME & L TOREMEIT
DNWTEBET D, TDHR, FRFHO BB TH HCNTsx: AV T AR 2 221
RIRIGHT 520 DEBOELNEEL, AIEICETT 5, BLTIERLRD
X, ZoOREEE AT OFREOMMEEFEE L TITAIX, BRESE
WRERHEZHELL, BEICRERFIEEZEZDZENRFRIZRL LN
ZEeThDH, ZORFIL. TOBEERBEZENRTOIDOOEZIEDLRADRE
ETHD,



2. CNTsDAEEM B~ AL DOTUR

CNTsDEEMEA~DISAZEIL, OB OEM» bbb Loz, BiE
BHIZER LTS (K1) , ONTsOAKGHIIZKICHZY, LrLERED
BREZIZBWIREEREL Ro TWASERLZ Y (K2) [84,99-101], =
DETIX, INbEEIRE, BEER, 177 b EBLIODDS, %Dt
OISR TIN5, LaL, ENENDOLSEITIIT B CNTsOAE MG M
i, BEOSHETHBEBOLONREL HD, HlxiX, BIBE CEERTUER DT
UNY — AT MICNTsZ AT A HERL, BUSEIZERN & LRy DT U A
V=V AT L L THERRENTHD, iz, FTLOEHEA VT b
DISHTHR L 72 DONTsE MO A ETE L EAT 2 EIIX, BEERICBITSRZ
M ~bIRASNAHRET —<Thbd, Lo T, ZOHFEFEIL. ZThETD
ML RELZEBELOTWVWEWIEBTHWEREITThH D, MRiiZE
RIS 272D DEELRFEMR 20T LT, CNTsOARMEFZE 2 A/
SETAHIENTENZLVEATHY, EROEENILIZRESLLEZDL
b,

BANT, CNTsZAEEMBHINHTA AV v b2 F LD TEL, RERLIN
D HIRAR B AEMIGHFRIL, ETINEDA T v hOWTNNEENTZDIC
ITONTWAENLTH D, CNTSIZA U » B R2ITHITHEE D b DT
Mol ThAHI L, TNHDAY v FBBOTRKENWEDIZ, < OHENE
HECTERLTEDTH B[69],

2—1. CNTsZAEEMBHISHT 2 AU » B

AUy FOE1IX, CNTsB/hSWZ ETHD, Zhld, B2EOERTTAY
v MILRBHRERH DN, TOVRATEREL LBAZRXT7 v b bz
57, CNTsH/INSWNWZ DAV » FELUTD6 RIZENTHI LN TE S,
1. AENICAS, ERITHREREICEE T I LICLY, et KSSE5
T ENTES,

2. BEROGFHIVNEEDYA X THDID, ZhbDERNSTFITERX
BFBHILENTE D,

3. AFEAOHMREEL b O, (EASEDZ LN TED,

4. BARNES 72 SICL 0 MRIcRE 2 2 LR TE, EREMA~ZEY 2 &R
BHDDSRLEMRA A=V Tl EIERATE BREESENH B,

5. BERNPLTIZHRH SO AR & 5,

6. MOEFMEEER S EAMIC, BMHEECEELRITL, BELY LTS
BREDRENLRNRERETHZ LN TE D,



IOHFHT4E5F.CNTsZMEICERE TCEFE2BERITILEEZHEELTEY,
URTZBRRT7 4w baEEDFEERD D Z EE2EZRLRTIER LR,

Pl ED#Z, CNTSH/NSWZ SICE VAL 284 RES~DIEREZ 2 bR
—VL, ZTORAY v FEHEKRKBIIEAL, T2V v NE&/ANRIZTT IR TI030
EThb, Zhid, BEFENERIZR > TWABMOT 7 EEHEHCZ OV T
HBLTCEZXDZLETHD, 58I, EBITT /A XOWE L EEOHEELE
AN LMo TN THhA I, ITFEBEI NIV OF LWIFFREEER T
& HnanomedicineD—#f & LT, 7/ A EHIEERBEEHEIY L >OH D
[102-105],

AUy bOFE 21, CNTSIHMEFH R KCEREWREBOERGFTH DD,
{LZBMER ATV T W & TH B[106], ARG THEHR SN ACNTsiE, %<
DA, T Dfunctionalized-CNTs (f-CNTs) TH 5 Z L BNFEEIND, iz, EH
M3 CNTsZhLF & LTHERTAHREIZ LA EPRLECNTsTH A 9 [73].
72E7R BCONTslE, AEFHEICHEESED I ENTERVWEY, XTF R, &5
FRY =R EO5FERFICEEEIEADD, 77 v hA—a& LTEHL
ZENTEBZNLTHD (M3) [107-112], = DA EIIT, EYER.
MRS, AAERR, ¥—F >y ML TOKHAR S, #ERIFTH LN T
X Do TR OBERE Y . FRHICCONTSICINT 5 Z &R TE 5, 21T, CNTs
WCHUEARIE T 7 a—TF AHEKREMIT T, BO IV A NVEEBIOSHATAZ &M
TX BH[113, 114],

CNTsDOREDLFRHERIL, EARBAICL DD LIELFRHREICL D HDN
HD, YRILHEFEIICONTsD HEENICL <. IEXRBFEFRAITBENRST WD, F
FLRFBIZ T CTRAFESBIRT A MNEND 5, {LFREHME (Chemical Vapor
Deposition: CVD) ¥ETIEDLIL7ZCNTsIL, FRWEARWTE Y, T OEALITHER
FICHEE SEDZEHTED24], EHICEAWVWT &1Z, CNTsHEDERETH
HREROFZEEELTAEN LT, FEFFIMOGTFRRFREZANTESD
ENTED, ZDOL D BREONEFIT/ALFEM 21T > 72CNTsld, ZOEEND
v—R v K (peapods) &FEEILB[115,116], Z DWNERZEREZ 7N E LTHE
FALECNTE =Ry RiZ, REICH 3 &L BHEREYLCCNTs LR S IZHERL L T
LEIGTEEEIENTE D7D, SEDDSRERA A—I 0 72 TR
TOMENREETHZ EBRHFINTWVWSH[117-119],

AUy FOE 3L, ONTSHMEDOE NI =R DHRBIETHD, I—R
NETTCRATIHFZRELL OEBMBHIERA SN TEY, THUETIMEDE
W —R D TE TWBEEMEN ERICENEE R B 2 72613721 [96],
CNTsH™H—Ry THBHIEDAY v hE, UTFD8ETHB,

1. I—RUVIANEEERTOIEERTRETHY, I—RDHNPLIRDHF



WFERIC AR FE,

2. BEIZXTH58E (strength-to-wight) 23E VY,

3. THAME (tensile strengh) 2SEV>,

4. F ) I —RARETTRIERH VD . EEEROBEO—DOTH H ML
—FH LT3,

5. RIGHENRE L, {LEHEMNES TH D,

6. I—RVEERTHILIZED, BEREL 257%E, thoWEIZEF
BEERAMAINT2Z N TE B,

7. BRTIIH DD, EESEEEE T HAREMEND D,

8. BELTHBILLT L, REBEMETHHRETE 5,

EADRAY v ME, CNTsOESENT-BEREME, WKEME, BUsE % A FH
BHZAEDE D Z L Th 5, EEIZ, CNTsO BR AV 2R DO FA[112, 120-122]
RGRDT 7 F 2= —FIH AT HEOFERED BTV A[123, 124], 77,
CNTsORBEKHEMEIL, EEREIEECDDSIZS AT A ENEAITITON TN D &
NTWB[55, 125], & BT, CNTsOEFOE I L F—TR IR RE M X
CNTs%E DIRBEIEIICA T 250 T, T OEMERRBE I TV B[56, 107,
126-128],

PLEICFIZE L2 X 912, CNTSIZAROMEBOM L ik LI, ZhET
OMELTIEB 2 bR o Toffx RBRR L HET RN H 572012, A
RIS RZ L OSBETAREICEE L, TNOOAEBEHADAY v |
CICREIR BT A L, ONTSIIEFRZ K& {EH IR IEHN Y — L Th
V. CNTsOEKDIGSADEIIEBMEICTH D L0 ) EBERBEBIET B Z & & TR
H¥5,

2— 2. EIRE~DIGH
CNTsDAEFEMEI~DIEAFZE T, & BIERITITOI TV D D EIEE~DIE
HAThb, Har i FET, A REA~DT 7 a—F BT TV 555, 129-133],
BORECROEERZ LT, BHICREEZERLL, BORIBEFEEEAT
HLETHD, HAMICETETERBEOEEENEE H5H, CNTsiTE&FHL
VREFIERB L OB FIEEAHTZ LRI TW5D, LTICEEREE
SN TWACNTsOFETRRE~DISAZ B T 203, FOMITHF0E L Wi
BRZHED LN TEBY, CNTsORERSAPROEF SN TWEIRETHLHZ
EROND,

2—2—1 NAFX—H—eARXA=VT
BERERTHIDOESE~—I—RECEHBREDOKZIZL Y, BOEMD
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WrOFHIIREMICm ELTWD, LxL, BETHDEEROBHELHRR T
BZELEIREFICHETH Y, KEEIZ/R-> T IR BREIND Fr—RITE W,
% ZCCNTsz /A A~ ——RHEEMICOEHA L, BOMH ORINDEEST
DHEBRERHT DRI EA TS, BE, AiiRE~—7— (PSA) . KIBE
~—7%— (CEA. CA19-9) . fffifaEE~—X— (AFP) 72 K OMRMHIZCNTs%
ST ABENHRE SN TV D[134-137], T DOFEMFIE, CNTsOH A XA/ EWN
TEDIEENICELIAT Z L B FRE T, ERANTEENAS I~ —T— &2 BRHT
DT AT T HRHEZNTVBH[138-141],

F 72 . CNTsZ BB A A=V U IR AT RABERIITONL TV A,
CTRMRITCEE SN EEAIRCESRE (W RV =vAaRY) &, BHRICER
PEDOBWFLUERR &% —DDCNTSIZHES S/ T, BN EERZ S8R ET 2
TR LI TV H[142-145], Bkl L LT, ABROCNTsD FZERNEICE
EREEMLIZE—FRy FCNTs%, BOA A=V ZISHETAHELED S
ILTVWB[146], A A—T 2 T TR BFFEHEA TS DIX, MR molecular
imagingChH Y, BMOBRIBHOZDIZENTH D, S biZ, CNTsEEERNTEH
W T AN EEWEBE TRRTE 5, photoacoustic molecular imaging {23
ATAMRL|MESINTWAS, DelaZerda D, SWCNTsZEZHEHRTF K LR
& L Tphotoacoustic imagingDiEFLFNEA L, BWEBENREOLNZ[147], £
7o, MEFEITEOREB LVERICEEREF ZH-TWS, 207D, 1M
EFETEHOIHMBENREIL., EORZEE X OEBE~DOKISEDOFHMmIZ BT
FEHICEETHD, BEEOMEHRAEICEE L 2EX Ry FEMNRRIES ., &
BMEEBEDY —FT 4 v T RBIOA A=V FIZHATE %, CNTsOFEDY
ZHMEEZFA LT, MEHEA XV FEEBLTIFROE T —T L LT
WA A=V 7B STV 5148, 149],

2 —2—2 EEIREDDrug delivery systems
CNTsOAMRICRAPFFRICIBWN T, BEIREODDSIZISA T 25813, R bIERR
SETHD, £ OBIBRIZBO CTED CEERHE 2 5 (LFEETIX, B
TERBHEE L 2D, +HEOEYZIZEORERICT VANY —S85 2 L AEEER
BENd D, CNTsITLHREEPEFICRE L, BOBRERIIARREZ ONT%
ZF DRERLHIRICAAE ST D LN TE 5728, FEIREODDSIZHE L 72 £ F48}H
1272589, 129,150, 151], 2D AT AL, CNTs2 7T v hal—Ah & LT, ¥
Wi, GUEREDZ L NRTRXRTF R, BB, SHEEREDEEHTERIND
(B3) . Bz, BAE, BHEEFEEIELLLODE 7 a—F LGk,
PUBAIR E R FRICHREE S 2. IBOFEW I FAVEREPRESINTND
[117] TRNETO=A 7 1 R7—L DY AT A TIIAEYFHERED 1= D125
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TERDPOTBMEIZ, CNTsZHWET ) Ar— 1L DY AT ML o TEY %
TUNY —FBZ LR TEBH[152], 72 ¥ 725, functionalize S L7=CNTslL, & D
INZ TP A X% A7 LT, endocytosis7e & DN ~E 2 BV ATHEFIZ X o
T, MEEAZERTHIIENTEINLTH D, MaEE LOBEMESEE D%
BARD CNTsIZATE S E o7 T RROBIRIZZEMRITHES T Hligand 237855k L
THRAETHI & T, EYIRFE LECNTsIZ L 0V ZEen >R X< MBI AD
A, BHIBIZIER T2 Z L RFREL 72 B, BAERI2DDS LT, MERERIM
ERBEVNBEREMIZZTEASES 2L Th D, CNTszHEH LZDDSIE%
NEEBETXHFREEND D, [132,153,154],

McDevitt & 13, ‘B #EPYIZhuman B-cell lymphoma%Z BHE L7z~ 7 A2, [EEGE
Y 72monoclonal anti-CD20 antibody (Rituximab)% -1 7= SWCNTs% & RiEH 45
&, lymphomalZ SWCNTsHEFRE T 5 Z & &R L72[110,155], £/~ Chenbid., #H
KMEDL-SWCNTs% 7T v hAR—Ah e L, EERHE 22— (EFF & AN
——) ZREICAT OEMRICEENICES S, SOIhES (SRR
RV DEXIAR) OFE RT v T EVa—NEFEESEE, 0
JEEAZRIDDS 2 MARIC/EA S8, MRRNBIT. Bk, MRAEEIC X
DVEWEIR CEMROEELZE Z L 2 & &I LTE[153], —F . CNTsIZEE
FEREAEIET, ERL RIBHEN~SEWRAL, HILOEBTFIEE~DEH
HIRET SN TUVA[156-160], Z D X 9 72CNTs% 77 v ha—2A & L7=DDSIiZ,
ERONY =—TaB3H0, BHIZEFTHAZ LN TE S0, EHNE
BEVAT ABHAITAZ LRI TS,

ZDXHIZCNTs%#DDS & L TRAT 2% AT, Z0EYEIREZHAKIZ L
T 6720, CNTsZBETICIEANT 2 5L BIRNER 2 & TiRIZ R Y
BHHENREZ B, HIZBREOBAIZIICNTs & EY O BEAEROIENEIEE 4
WHRET LR T E 72 57200105, 161-165], & DER, Ea#EE S BHCNTsO
B, FICRKIRRS, FHMEREL, EYE a2l LItk sk, I
MICRETIGEICRESEE LT HERTH D, YMRCNTsZDDSE L THEE
ERACICEAEIEAT B H, ZEMEREV, &5, EEBICIRISERVIAE
5L HATERIET S VAT ADRETBITOIL TV 5[166, 167], Bl 21X,
RMEERR(ECNTsIZ, BT CTU VA EICBE Lo VW ZFIH LT, U oo
HICERR LT 2 W S 5803 T4 CU 5, magnetic functionalized CNTs%
MU= A3 Z Y (GEM) 1. invitrodd X DNin vivo T, BEE TIZBW T
VNEEERE DS BAFITIBAE LEERR S HIf S 7255, £ O, R RT AT T D
t CIZCNTs &G LRl 0T/ A7 —/LDDSHBF S, ZEHE ST
VN5[101, 128, 168-170],
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2—2—3 TR AFX—%FHLIEIRE

CNTsOERGE O =XV X—2RINTZHEZ2FH LT, EOREIGEIZIGA
T BEE & RPN THOTWA[53, 171-174], Bl 2 13Kam 513, EEESREHURR
EFE D ZCNTsEEMBIZ TR A S, BETICRIVREZ BE L, BB
X o CEERNEENICHESN D Z L 2R L[107], £7=. Levi-Polyachenko
HliZ. BREBEDOEBEBREOBEICBWT, XV UV FXIF U Eiid~A b
v AV VCOFET T, BYEL L TONTsORIMERINZFIRA L., BREREL
10RPEAPIZ A2 CIC B8R NEN S 5 F1E 2 B3 L72[175], SED#HE TiX, CNTsIZ
TROMRE Y TH LEL L HITBMRICEERIEHBENEAET L LIZEB L,
invitro Tt N DR AMIEE AWERBRBITThON T, RAMEE 100 H Y TTEE
EMBRELREIT S &, 4REMRICITEMIED45% 0350 L7 [56], Fz.
CNTsD~ A 7 aFERIVEE D, EERIIZIIEREZZINES R T, BISED~
A7 aiFREEIELEETHH[173],

—FRBEHFIEICH, TRMRENTVWAD, Chakravarty 5 i, Anti-CD22 antibody
% SWCNTs{Z -21F TB-cell lymphomalZ B ¥ A F ¥ 7= # [Zlaser radiation 21T\, &
AR OME/INTRE LTZ[176], £7-, CNTsé =& /) —L &5 L, L—P—%
B L TRAETIREICKLVEMREET S W 2 =—IRTAT T H
BT, EE, TSNV AERERAOEFIELHRE S, BEEMRARPANCI
ZMWCNTSHAE T CTFH /B SNV AEFRITIRET 5 &, dRMRIZES, Miao
ATFRMN23MEET L7Z[178],

F 72, CNT/DNA/Ig G antibodyE &%, 1ML T2 EMBICHES SE T, 2
R I BEVEEZIT 9 BFFE°[179]. CNT/spolyethylenimine/siRNAEA{A 2 RNA
T+ & photothermal therapy® 2 D DIER % FIRHCRE L CRZIEET 2 HED
HBH[128], EBIT, BF Ry + ECONTsOREED, BDOA A —D v 7 LIEEERE
ZRIFIZCERT D EWVIMELHV[180]. TDONY =—3 a3 I ETETEN
STV A,

—7F . CNTSIZ&RBERD T /R T 26 ST, BOBEEIEIISAT 5%
LD, BT S RTECNTSREIICE AT HE—FR v & CNTsERE M
CRED SV A LERMER ZHATAZ L NARETH D, CNTSNERDERIZZ DAE
WERBELORIENOREIND =D, £AEEEENEREFTHDH, CNTsHERIZH
MENTZGEDT /) RFIT, BRAEBHIC YL V2L TEYREBEEEES EH TS
[118], Z D & 91z, CNTSIZAHIN L7z DA EHT & VIRBURIEZTT 5. BT LW
FERHRBHED LN TN D,

TS DCNTsOA =R VX — 2 RINT DN 2 AW TBIRR 2 ERLAT
B0t BREE OB FEEZBRE LITER SR, 2T R —233
ERTARIIRNENTLE ) D THD, BRI T, AREEITE
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PEREICHEVBIZERANROLNATLE S, L., BEEZENICHIATS X
T o EBATIIR, BEHOBIZLHENWSZ LN TE ZHEEEMEND B[171, 181,

182], Z DFEDIRBELE & ) CNTsOFFEZ A LI iSRS B, BEREIC
FRNBFERL TV D,

2—3. BEER~DILH

BAERLIZ, BROMER SICL o TR AMEDOMBCRZSEEZ, AL
HINAETE - BT A ER TH 5, Embryonic stem cells (ES cells) DFFFEDE ., 2007
FE DL 512 &L Dinduced Pluripotent Stem Cells (iPS cells) DEAFIZ L ¥ | BAEER
DBFZEIE S BITTEZEITIR o 72[183, 184], BAEKE T, Mia. k&R T, &
FREEHAVWTHBOBALZTET D, WITNOFIECBWTSH BEMNR
STIFHERMZBET D Z LR TE R, BEERRIZEW TRERZEM O3
ZEXDOTEETHY, ZORBMIZCNTsZIEHAT AHESEML T\ 5
[185-191],

2—3—1. CNTEARKIZ X 2BAERIR

CNTsZfEf L -BAEROEIL., Nk TEOEAEE FHVZin vitroDHF
TEBEFRIZITOIT& 2, CNT/2 7 — 7 U EBERITHIRETE O BHH I,
CNT/polyurethane®E & &1L, FRAEFHIIROMEIER X OVEARDOREMICENTH
©72[192-194], F£7=. MENEHIE % CNT/polyurethaneE &K L CHEE T 5 &
ARREFENMEE S D 2 SIS A Tl Rk & 3] 3 2 IR0 5372 [195],
CNT/poly L-lactic acid/hydroxyapatite#Z & &1, HIREMQOBER L UMEE L
30% A £ &8 72[196], MWCNTsZMARATZEHAR Y + 7 a4 VX, b ME
BSOS L IEEXEFT A 2 LR ENTZ[197], SWONTsA 7 ¢ /b A
2, K& R ORI AR EIE 25 L L72[198], T X oIz, CNTEAKREEH
AEBICISHET A 7208 LW RS 2 1B L CHERE & OKIG % 88X % in vitro
FFEIE, M b &N VI EHRE SN TSR, —JF Cin vivolfFZEiZ 7220
DNBARTH B[125, 174, 185-188, 190, 199, 200], 54 1% Z 11 5 Din vitroFF 22 D%
REREIZ, invivoDBEIEER T, B E T 2BCIBE O BEE L EHR T BRI
BITLTCW Z BRI END, FOHF T, BHERDEA TV S OINEHEBE
A L R B A ICCNTsZ s T A Th 5.

2—3—2. BHBEALE

ERERREAEIZES LU CiX, 97 CIZ20024E1Zin vitro CCNT/polylactic acidE &A%,
BHEMEOEEEZ(RET D Z L BARENT[58,201], TD%HDL,
CNT/polycarbonate urethane#E A f&°CNT/ poly-lactic-co-glycolic acidE &M, &
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FHEOEEEZE D D Z L BHRE S 72[202-204], 2006512725 &, SWCNTs
SCMWCNTs 23 Bl CEHIfE 0B S OHEFE A BT B & & R &[205]. #
D% B DD Din vitoFFFEDHED H YV . CNTsD b EIZER T D Mia~D
REELRMEENER STV 72[66, 186, 206-212],

Fhx 1320084E1Z, in vivolZ BW T HONTsHVEEBER ZRETHZ L&,
HTHGNT L[213], Z#iX. human recombinant bone morphogenetic protein-2
(hBMP-2) 12X %, U AEHN TOEFTHEEERDERR[214]1% A,
thBMP2D B & LTHWS 2T —4 ¥ — MIMWCNTsZ2 A& I E5 &
BEIERWEGES LR L CREICEEBI R INDZ 2R L (K4),
Z D%, MOMFEEICL > T, invivo CCNTsH B Z{RET 5 Z L 23R
SN TW3B, iz, Bhattacharya® X, layer-by-layer assembled carbon nanotube
compositex 7 v kN DEREFF OFREBICHE DAL L | BEK L FEELZ{EET D
Z L ERLIZ215], F£72, Kasai Hik, CNTsO—FETH LI —R T /) HK—r
2, ZHRV T NI 7 e F L URICEEERBICEVEEL, 7y FNEE
EREEEBE LI, V=R T ) R—VERBETOEERIZ, EEEETTOD
BERLIDBERLTEY, 1—R T A= VITEBALZMET S Z & &8
BT LT2[216],

FDHEBE 2 1L, CNTsHERBEOBELEET D A I =X LDMRAEZRAT-,
20094512, CNTsHHFFRIICHHERIROSMbE I T5Z &, ORI E MR
W CERER T CTH ONFATI BIH SN TND Z L ZHALNITLE[217], 2011
FEIZIZCONTS N EDER D TH B NA Ruax v 7% 4 NORBEBROKIZR S
T L. ELHIZCONTsRCat A v &3 & HEEFMREEMLIES Z L 2R LE,
COBRICEFHENOBEENET ANV ERRAT 7 X —EB A Fax 7R
A FECNTSHBICHIES Z 2 RHEH L72[218], BLEND, CNTsIZEH
BEAOBIC, AERCHBEICES L CEERZ(RET HHIEN RS & LTE
ST ENHALDICRST, TNETICZID LI ICAKEMHERRZTAZ &I
XV HEET 2 BEMIT72 <, CNTSITBAEEEMEICBWNTH T LA 7 A —L
IRBMBHC 2D Z E RIS LB,

2 —3—3. FREREAL

BE, IMEE. FHEE., HRORERRMEROXREBIXEESEET, &
AEEROBERT —<vD—DThd, TibOMFEROEAEZ BRI X O
W HHEE LT, SESERHREFTCATLHFELEBOISANRA LT
L, FARBEEITIESNTWVWARWVW[219], CNTsZIEHTAZ Lk, #HRD
BAERIZH LWFESER S, BFEDOQOLM LIZEET 5 Z & 38ifFs
TUV5[122, 220-224],
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AR R D72 D D BB IZCNTsZ A3 28581, 108ELL BRI S IEZ
AT, R OEES LMRORRICERA TH D Z LRI TEL[117,
225-227], CNTsiZ, HEET THEA R —1 L OMHREROMELEE L
[228-230], £7-. Y2 UVHIBEOBAIZB O TS, CNTsHEZNE S = & 23K
EEN72[231], & 5iZ, CNTshembryonic stem cellsDFREHRI~D 43 LI A F
ThHHEVIRELHH[220], ZNHDIFFRIZB VT, CNTsOEN - EEM
BENLT, EXAM CHBMBEORELZ(EET D7 7 v —F BLU[120], #
AL O FAERIZ, CNTsO b OEXHIME & SR MHEE 2 A5 TARK
MEHNZIGRAT 5, HEEREVIFRESEH Th 5,

2—3—4. ZOMOMBEEE

BN O T Y BAERICCNTsZIGH T AR ED il TW\ 5,
Khang 5 1%, CNTs & polycarbonate urethane D #E A& LT, EREFANMEE SN D
T LERH UZ[232], £/, CNTsz BHBHBEAIISAT D05 S & 5[233, 234,
S HITIE, CNTsZ D BFAICSAT R EIN L TV 5, Mooney Hid, in
vitro Cmesenchymal stem cellsZ CNTs CEXAET 5 Z £I12 X V| cardiomyocyte
lineagelZ /b S E B Z LITREI Lz, Lh, 25 O/ TIZERHNEIC &
% cross talk 358 8 H A1 72[235], Martinelli & %, CNTs2S L DORBAE (RS D Z
&L DI OERRIRENENT D Z & BTV B[236],

ST, EHICEL OERR. BREROBAICNTsEZSAT 27 A7 70 TL
5THAH, BAEERIL, CNTsO b DT ) YA ACTHREBPKREV, REKX
JEHEDR BN & WD RN A T, EEMD X O RMEORER+SICEE S
LHETHD, S0, EREHEEERATLHIZLICKVERAZRETSZ L
DX BRTENDOHED, KA HBETCREINAFRENRHY, T TH
REWCHZE TH D,

2—4. AT b~DIHH

BRIV T, BIAEZ LR O SRR RS R 2 & T
TV RREHEANLN TS, DS W TH ATHFCATIERNER X
N, ZOMOSETHLIRL A VTV PREREN TS, ZhbDA T
T v M, BESCTHANME & OB R S & bilc, AR & BT
HHMETHDZ LD, BWAREIENNE L S 5B[237,238], BICERS
BHER TIZZ L DA V77 bR S, B OBRISH S, BHED
ZHEOBEFIHERAIN TS, FlxiE, BERMEEFECEES D v ~F OIREIC
Ao AL, FITOBRRIERTATL— MR ) o—, FHERE
ERAIShS r—ouy RETHE, 20D, BEARHAA 77
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WER SN AENILE TH 5[239-241], &EI%. BITBECATESICAT
VUVAR, FEUEE, ANV IabL FUFZYTLAREBPAVWOND, BT
J v 7 RAE, ALBEEFICALIESICAWGN, TAIFedna=7 nEEM
W, BEAHFERY=F L (UHMWPE) %, ATESOEEEHA NN
TW5, RYz—F)x—5 )47 b (PEEK) I, FHETCICAWLIEZ &
AN

Fx 13200300, ALEHOEESMICERENIRY =F L U IZCNTsZ#
AT HMEEIT-o>TVAH[58,69], ALEEHiZEHMAERAL WD L, EERRD
RV ZFLVUNEBRET D, ZODICATEENHEL T, BEBRFNISMLE
272 B [242-245], FZTHLIIRY =F L UIZONTsEEATHZ Licky, B
HEEYED SE, RYMFERATEAATESORELZIT-o> TS, £/, AT
MEOBHETIZITR Y =F Lo TR T I v 7 AMEAEShZ 2 b b 5,
I Iy 7 RTEE LIS WA, TAIFTETI v 7 RTHWELLTL, Vv
a=7%T I v 7 RAIERNTHERS L TEE LT [246,247], £ZC, 7
NIFETIv I RZCONTsEBEAE LT, BELIZS S LNBEHLIT WETE
t5 I v ADBEFKEITo T 5H[248,249], CNTs& & T I v 7 ADH—BE R
CEELVWENAL WD, T TIRESMEEDR LIRS LTW5, BAESMHAT
TATLHEEHBRFN 22T 2 BEFIIREEMLTVHER, ZRUIHEN, B
BT 22T 5 BER LM Ukt T\ 5[250], CNTs%z )i L= AT %
BERIOSHT A Z e TENIE, BERFNZZIT2BEFREZREIEOL T
ERTE, BOBEEICH ANLEEZTY Z LA TREICRS,

X DICFE A IIEFHEEE FITIC AV S HERREE A & — Vspine interbody fusion
cagesiZfEfi 9%, CNT L PEEKDOE A EIDBHF 21T > TV %, PEEKAF DOHEE
BEEMR 7 —JIUEDERGA SN TWA R, BFEMERE WD, BEO
BLAVTTUIBREELRNE W) RERERH H[251,252], £Z T, 2
— 3 — 2EDEHEBEA TRE LIZCNTsHNEBEELH T2 £ L,
CNTsZPEEKIZHEET 2 Z LIZ X 0 | BHAMEDOE W CNT/PEEKES#EH 2 Fv
THEEERAr —VEEBEL WS, LD ANLHEECEHEEH 7 —Y0
BARIZOWTIE, 6 —4ETHE®R~S,

B OBEMBHIB W T, CNTsOEEHRIXI0 W% T, %< OFES wit%
BETHY., EENICABCNTSOEIIDR, EHICINGITEEKRTH DT
B, CNTsHVRL T & U TAEMBICEMT 2 FREEITE< 2WPED TEY, 207k
DONTEEMBHE, CNTRL T & AROKIEBEBEICZ2 5 Z LIiRiEE A ERR <,
REMENEDLOTEWVWEBZ OIS, Fxld, CNTsOAKME~DICHIZ, &£
MFERILEEMEDORNEEZT, ZOLIRBEERTHLA T T FOEAD
HRETARETH D LB 2 TV B[253-255],

17



ZD L DIZCNTsOF&L# & LTOFRMESE, BEETHIZ L0REEEE
2T, BB%EA RCNTEESA V75 NOBEIMTOND Z ERNTFHEEN5,
EROET I v 7 ASDCNTsOBEEITIHENMTEICE LS, i L7zBEOF] I
RKEV, TNETHEVEE SN HTHD MR, CNTsOEEER AIZE
HitW e, < OFEAREPED LMD Z EEH/ELTVA,

2 — 5. FLSDEREIERE D12 DDDS~DILHH

2—2—2EOEODDSTHIB7z L 512, CNTsiihREEIPIRE S KA D
FISHERE W=D, EoF, BaF. ¥ 0, UIFUalikaanF52
FEELKREBICHEATAIENTE S, EHEROHMREEICETT U N —
TE D78, BIEBRDDSIZR D Z & B I T\ A[100, 117, 256-258], &
DNY =— 3 3% L, TE, LV EAZRCNTsODDSHEBE~MIT T, #3iX
BIRICHER LTS, FFZDDSOHE, MIAKEE OKEPEETHL D, &
DEIZDONTEL DLTRBZENTWD, Bz, Mias oEEEEZRED LT
WIZ,SWCNTs%E A 7 7 ) 7 7 a—F bk LA IR HE SN
TWA[114], £, MRE~DEEL /DR §57-DI1C, CNTsRHEIC_ERBE
RISE 2B &E D 2 L BBET SN TVWA[54,259], Zi 5 DDDSHIZEIT, FELA
ST b A RIRBE Y —F y ML TEEIThbnTRBY . TO—HERNT 5,

CNTs & alginate microsphere D8 &-&1%, alginate microsphere AT Fh T, FE
MO T T e MAEIER M E L, BYORHBED Lz, 20D, HFHRIERRE
BOVREIZ AV B 1L Dtheophylline & FEGEHIIC B3 2 FpiE2sm R L, BHIRRE
BENRNRI=NDERZDDS & LS T DRIEEMED /R S 4172[260], CNTs%
JRYYETE R ODDSIZIS A 288 Tl 18RIEHED H 50 F ZCNTsIZRE S S8
T, FREEOMENIGES Z L ITAZh LT2[261-263], HFICBEAFE DOHLAR DN ER)
IRTHPEBERRICRT LT, EOERBFENRER D20, EFHHRIBEIEIC/ 5 A5
M3 H[264], EHIT, CNTsZ DG DOPHE OHEFELZIFETHE VI REL D
5[265-268], 7=, CNTs%{&ffi L Cimmune activation® 7= [Zvaccinationd” 5 {#7%
PERAH LN TWD, BxIE, CNTsiZneutralizing B cell epitope & FE& I3 Z &
2 0. FE OFEOvirusiZHRY vanti-peptide antibody response & F5E 9 5 S IR
D ATREME DI R S 1 72[269],

CNTsZBEFDOT U NY =V AT AMMIHAWDIFES, HHINLTWS, flx
X, DNAEBEMWCNTsZ BERAIIZ L VELZ LN TE R, ZTOBEEKIZ
MWCNTs3 4712538 L, DNAIZ X > CTREICHEHBE SN 12D, BETFIEE~
DI 3 EFF T & 72[256], F 7=, polyamidoamine dendrimers% . MWCNTs DK HE
IZfHmEEs e, AESFEZEELLLTS Y, 2L OBEEBFODDSE LT
HLTHoR[270], T rF vy AEERIX, SMESEV, MREEICIEE LIz v
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LWV S 2 ODMBED D, T o v RAEIEITERIEEA~DISANE ST
%, L>L, 7 v F & Amyc (antisense-myc) & SWCNTsIZHES S5 &, HL-60
FRICABZICER D IAEN, MENEGTFORBEIZEZ THo72[271], X BT,
CNTs% 5 U XU —3 25 A2V Tshort interference RNA (siRNA) & # I N IZ
BALEERELEED H[272-275], 20108EDLadeirab DIEREIZ L B &, BAZ
FIIS% LE< ., HRBEEIRBDONRN-T, TOX 5T, CNTsEBEERTFD
DDSIZI AT 2 RITIAESE L TR Y, EEFIRE~NOLARZT T2, &
WD EE Y — R B RREMEN B B,

2—6. TOMOEMREA

INETRTE R, BIRE, BAEERER, 4177 b, DDSLSMZH, CNTs
3R & IRIRIEBE CABMEIA~ OIS B EIRE STV B[276],

CNTsi%, Bv P —T7 7 Fax—F & LT, 7/ ERICBWTRE RAREMRE
ZRH TN AH[89], CNTsOERAMEE L, MRMARICRIT 52 v P —lilEd
BHE L TCHEDBFEETH D, Liopob i, MREIFMIENGIO8E LI UT v h—k
K= 2 — a1 VB EEEDSWCNT Y 4 L AL D EXKWICHE LZEE, B
EEEHLERE R T ZE2HALNZ L. SWONTsE == —a r DERN D v 7
VU 7R Lz, ZORENS, SWONTsITHBEMROFE L = ha—LT
EDHEBMBICTH D Z EARBR I NTZ[120] . £z, CNTsOEKAIMEE % H
ALTHADT 7 F o —FIZHHT BHFFES0, artificial musclesZ D & D2k
T B D & H[124], 20124EICCNTEAM B 2 G A L2 AL A OBA% 23, Lima
51T X o TScienceFEIZ B S 7z, ZHidguest-filled, twist spun carbon nanotube
yansBS AN LEFRDT 7 Faxz—FELTEBLTNWDI LERLELOT, IT¥
BB CTEN-EEEZE LW, ZOMERIREEATOEAZBERNE L
H DT, HRATIIEERNTHRORAZ T2 Z LITEFOICRATEETH 5 235,
SBREEMBI~DISAFROREEZHFT 5[123,277], I HIZ, DNAEA
MWCNTIZ &L 5D, DNAT 7 Fax—F 4, 2 Ba—FEHNTEEInTH
%2781,

—J7. BRFBEDO NV a—ARELFHEITHEENE—& LT, CNTs
ZIRTOMERDH D, CNTSIZIETRIVRFEILEZFE CTE A0, EENTHER
MRZE DG TFREEICED I NVa—RERNTERALTHB[279], 2D LI,
CNTsZ 8RB EBSFIIRESETCTE=F— ) VTR EENE P —~D
JRRMN, e REETHRETHD, ZOMIZEH, CNTsE T/ A XOENES
AT 2580, CNTsZAFRNICEDIALERA T oRy MIGHT B0
ZHLHV[99,280], LA RTATTHRHENTND,

PLEDRRIZ, CNTsD b OMAFFRERARE, B, MBI, BEfFEO
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