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I\ COOH
) \-\-»"[\
| | N-CH,COOH
2N T
L }OOH

»

~ Proline 3

(B)lot 1-b
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Bs5. 7OV YHESEOHPLCFv— . (A)(B) 7OV EEEHL : ot 1-ad KLU L-b(C DWW THPLCOHEIT o /o

WFNDItCBNTELLL E—oBBIETNTH D, TERMORIFEE@FERUTH >z, (C)D) OV HSE
3 : ot 3-adB KU 3-bICDUVWVTHPLCHO&EIT o /o. lot 3-alCDWVTIE. TERMOES (CERAREEZSNDE—
ORRELBRINIZECENDS, TRFTILFEERDOIMKDBRDIBE CERENRECOREEZBNDI (DT A
Buckyprep-M (4.6 ¢ - 250 mm); ¥&48: 0.1%TFA-DMF/Methanol=1/1; F&: 1.0 ml/min; S8 40°C; &Y
2%: UV310 nm; B> JLISR: 0.1%TFA-DMF; i2E: 0.1 wt%.).

(A)
1. H;S0:S0:
Cyclos uifation

2 H0
hydrolysis

*

ILiI'@C, JPF,")

(B)

Intensit, «a. u.«

i | | 1
L Il ittt i il

mz

750 800 850

(9]

~10 -20 ppm
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B6. UFDILARNBKEILD S —L ULit@CeO-(OH),DEHRERE. (A) BEAFT—LA : RERMECIDERE

Tz,
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(B) MALDI-TOF-MS: (C) 7Li NMR : A2V FD LD I ) LSS RICEA L.
Sy —=TRRE—0 BB TR (a~g) BRI LT,

(D) 'H NMR :



(A)

Major isomer

/

Two peaks
overlapping

N
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(8)

<«— Many isomers

0.0 25 50 75 100 125 150 175 min

Retention time / min

B7. UFILAREBRSTICIENEKEETIS—L YOHPLCFVY—. (A) Lit@CeO-(OH), : KEEEDATINAIE
BIREA RS L.  (B) Ceo(OH),; : KEEDMIMIEZRIRMEAIER(CEL.. CNOSDERE. KEHLDRIGH
BRI EETET B,

J OSiMe3
= \ ,< k I\ H*
Coo s L | -
7N /Y T TOSiMe;
toluene reflux N, J\)y,
24 h }

TiCls (36 eq)

1,2-dichlorobenzene/
ROH (10/1 viv)

1 rt, 20 h

3a~¢ n=012

B8. MMFEI—IHLS8n RIS —L VDEBBRAF—A. Diels-AlderRIGICED S oONFY /2 HEK 1 24K
FRRE L TERL,. S5CMREFY 2RV OHRRAS NIRRT 25 —)LiEE e aR U,
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N_:N 'N
|‘ z ; l acid
Ceo + RNy —— , —_— >/ /
(10 equiv) o-DCB » : . oDCB, rt ! \
50-60 °C
orrt 1a (R = Me, 43%)2 2a—f
1b (R = n-Bu, 32%)2 quante

1c (R = n—CsH17, 32‘%) a

1d (R = (CH,),COOMe, 37%)2
1e (R = CH,Ph, 37%)ab

1f (R = Ph, 30%)ab

B9. FiRMFZSUS/ESSnRIS—L YDERAF—A. 1,3-BEBFAIMRIGCED NITVY JFEK1a-f=E
RRPRMRE L TER L. SSICEMBERNTT YD /R E4R2a- A EBNICRRUI,
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BEEFBNFAREMIE (ERESEMREEERTRSEE)
[FERMERREBE (T D2RENDBIIIIHMRERIERT/ DDS O]
DIERRHREE

FF1 DDS #gezft5 Uk C60 IS5 —L >FE & () DDS{EC60 IS5
—L>) OEIRE. RENTGE & HHaEBIDEE

AEDEE B8 I ESZD C60/\AMAVT—FHhRASHE FHEARED

MRES

AAFTRE. ERATENIC Coo 75— L OBRREETO RS W {608 - 7= BYERTIRE,
BEFTUND —DRELICHD [/ 8YpEES X5 L (F-/ DDS) | 2FREFEL. CnE#ss
RIEEREE (BRUXBX - J0—2/) 28N E U, IHEEN (BOKS) T, ULHbR
ENDBEMIATE « AR/ MOEIINEEBEITDIEDTH D, FHFCEHLE, CoHo IT—L2FH
BAOKELE - TEMEZOEE T DS AT LDHFE., L Coo TS5 — L 2 FEARDYEY LEEDIKR
AR, AARENREETM A BIAE S I D RIAZ; Coo S5 — L BB HDARER S 2.

SEEDIS— L B8RSR ERATERR. OV BEEER (1) RU 3) (. 1gRT—IL
7w IARICHRIIUZ, TOUSE (1) ~ (3) (&, MRSUNEL. REMC/ERRAEER(IC
BNIEFEARTHDIEDD. WINBEAKDDWNIRAEREANFET D, BIESFFICHULTIE.
H—DEUARTHDIZEMNEELUWN, TIT, E—EBURARDIS— L 2FEGRZRAIRT I ZH.
PILRSEEB KUT bSHIURESEFERDER S EZRET UTEiER. )R BEEFER(G/NZ
T—IVERRICEIIL. BENBEESNE. —AT. T hSHILRVEREACEAU T RESE
BEERETEINL, BREZEEDHTND,

0OV > BEEEK (1) XU (3) (& HPLC ZRWERBED T A EERST UTZ#ER. Buckyprep-M
HSLEFEBU. 0.1%TFA Z2% DMF/Methanol=1/1 ZEEMEE L ORESESZ T EICED. B
BUEEY) A ZBRRE(CHBE TE R T &N BN,

IS5 —L 2 BBROEFERE UTOERNWRZARIET D2H. ESR ZAWT, &R ULIETS—
L >8R, B EME. PRIUNEBERAERID - OH (LI DHEEFRZIREURER.
OY > BB EARENREEE <. RUWTKERL C60 T35 —L 25848, PVP Bi%K(E81 C60. T4
SR>, PRXIVESEETHD Iz, FBEEITEH S NAC (&, DMPO- - OH 74 k&R UAIEICH
WSDF)ILHHIER T B8, NAC D - OH SEEEREIMET DS & (IR TH oz, Fie. MEMW
BEEOBRERS UTHWSNTLS 5-ASA @ « OH SBEEERILIEREICIERL . BEAMEETHD
TH. ICso (:Eb@h‘?t’.o jDU\/:}ﬂgné{z’K@ ICso Ett@ﬁbﬁ::‘%%\ (1) & (3) @ICso (jlﬁﬁi
ETHD., THILR>VEEZ, (1) & (3) [CHRBE2ERBETH O, KB C60 TS5~ 25
BIK(CHWTE KBEOARTHMNMVIR HEFENLZWEE. BT - OH BEFRANSVERHER
HENE.

IS5— LB RDORANEIRELTRRIAT 3280, REEFI[MCICe AR EDRELER >z, B
FONRRSIRICEDE, [MClCeo DIbREEEF. 7 - Ci/mg U EtZBEEE U, BRERNTHS
Ba[1*C]O; DEADFRIC L DER T B[CI0, ZB/BEA T DT EICKD. TS5 IR BEDIRE
0% EICEm EUz. FETIILZILI—ILEGREMFGEZFIHT DI ECKRD., RBEADIK
EVRERENICHLLUE. 5(IC. ERLDENTEEMEL ., BRE TR ZABRDRE
BERAWDZ&EICKD., EARIEREDEROE LEICINX. REERNEBICETEARZRITTETILS
([CIRDfz. BDEDTIOTRATHIBHEDS LU T7—IRECE U TEREREIEITL. [MClCh &
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RICREREHERH Uz, EEEOER. 5173100 mCi D BaCOs; H'5 15.3 + Ci/mg D Ce
EER)ELET D & METEEENY 1/20 (5 mCi) OHEMENS, #9 1.2 (F19 18.6 - Ci/mg)
DHERETEEEB U [1ClCe BER TE LT END, KR T, FITXHRE DB 20 S 3T

K<, HCHE CoNBATRTE(CHEIIURE,

A. TARER

AL, FLBEE - FURAEVER (CENSD C60
IS5—L2UFEKZRVT. JORSYORE
DERTFEN 7 TO—-FICKD. EYNaEORE
{BEICHD [/ EYpxES X5 (F/ DDS) |
EEFHRICER - FEFEL. BUAMRMEERER (B
BUARBX - J0—29K) ZENEU. FHEEE
) (ROKS) T, BENDBWIRFR - A&
B/t N CRAT I LEBIBLTVS,

AREES, HEEEERERRIC I B
HHIFESNDEED C60 J5—L  iFERES
BU. TOEMEZEFHMITDET. BIERFEIC
HEDHBINE C60 IJT—L FERZEENTD
E'EBEELURE, £l C60 TJ5—L > DENED
BEREASMNCT DD, [MClCe DERMSEE
i IdCEEEES L. BENICIE. DITOM
REBEEMIDEEBNE U,
(1) EFEREXEHD C60 J5—L 584Gk zE
BlE T Dz, EEIERD C60 IS5 — L 2 FEHK
ZEHRU. BHEARODHE - DTBIZRE 9 5.
(2) C60 TS5 —L 2 FERDERERE UTOERE
M RERIETDEH. EFAEHIGE
(Electron Spin Resonance; ESR)ZAWT. &
U= C60 IS5 —L 8 Akt ROFIL S
=)L - OH)ICXH I DIHEIERZIHE T 5.
(3) ARENREERRBAT BTz, [1*ClCeo DEMF
EEWIT D,

B. ARAZE
1. C60 IS5 —L 2FEE&EDER
1-1. 'OV RSEEHE (1) OSH(RIER 1)
1-1-1. TXAF)U&E (4) OERL

1 ORISR 1 (ORI TRTIUKRA4)EERHRT
Bz, Ceso (SUH, #E 99.9%<)%Z. 500 mg
(0.694 mmol)ED &D. 500 ml =AY -
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T, o000 250 ml ([TERL.2-3 B
RIEH UTz. Ceo OO EBREIE. A0
- MNBAERWRESTZEF T2 500 ml =1
JS5 X(C# L. Iminodiacetic acid diethyl
ester 197 mg (1.042 mmol) &
Paraformaldehyde 62.5 mg (2.084 mmol) Z
mx. A-1ILSATHEL. 105-106°CTRIG
Ulz. 1 h BCRSREY> T U0 LC-MS
ZRWTRIGZIBIUTZ,

« 5L : RPFULLERENE Column,

- &8 : Toluene/CH;CN=66/34

<t & 1ml/min

TRAFIUEK (4) OERIRKICIRDEFR (K
JCEEE 4~5 B, TXF)UEK (4) @ LC EE
e 50%51% (K1) TRISZIESD. BERXREBEODE
BERIGER TSz, T)URL -5 -ZBNWT. K
ISERM SOOI ZEE (50°C/25-20
mmHg) Uz, CODAE(C MeOH 90 ml Z=hlx
TERSNDIEHZRLDEEL. MeOH 40ml Tk
HUTHERY (BEMXR) &8,

AERME. MLI> 50 ml (TBERLISY
S aBhSLBRUE (FC40 1659). n—~AFH
EMRTERRIG Co ZEURULZDS. MLI
RHERICEDIRAFTIVE (4) 2Bk,

1-1-2. TXFIE(4)->o'0Y > B (1)DERK
R 1 o700V BSEEAR(1)EERT D
&. L0~ MNREHERRESTZEUTTZ 300
ml =075 X(C. 200 ml DEgE ML (C
BERUTZT A5 )UK (4) 200 mg (217pmol) %
X, 10~15 DEERERUZ. ERIRFT.
NaH (95%) 113 mg (4.47 mmol) ZHRU.
FAA VN THIRIE#E (70C. 2h) T3 &
CLDRIGEE. EREERARIERZERZ. R
BRZE 42°CETTIFZ%. MeOH 2.12 ml.,



2N 188 2.12 ml &/CRY —JLEARY RERAW
TAMU. 20 min IBFELUTVD EEREIED
HHUE. 1REREUEER. BN DS XK
(S UIEES. NLVIS EEETHFT -3
STREULEBNEEAZ SOl O MLI >,
MeOH (2 E6%). IN HCl, 7K (pH hichiis
A(CIRDET) DIETHFEL. BEIC 40 ml D
MeOH THe® Uiz BSNgk(EJHETF 40°C
T 15hER U . REMEROTOY D BEEEAK (1)
=187z,

1-2. OV EFEEE (2) oal (BB 2)
1-2-1. '
2,5-Di-tert-butoxycarbonylpyrrolidino
~ [60]fullerene (5)D&H

Ceo (SUH)Z 200 mg (0.28 pmol) ZRiK
JLI> (150 ml) (TBERL. US> t-TFIL
T RF)UEEEE(2.12 g. 13 mmol, 45 HE), E
U=> (1.0 mL, 13 mmol, 45 HE) & X5/
—)L (10 ml) (TBFEL. TNTINREES UL,
12days. =& F. ¢ (USHIO Optical Modulex,
250 W, BEBEKBS>T ; J7-r/{—, 900
mW/cm?) ZBBE U7z, TLC ZBVTOHEITD
Je&E B, Cop DEFEMNERENIZTBOD. BX
. BLULSEBRADERSER SN ENS
RIitEEIEUTz. RIGHRIE. KT 2 [E, EHRE
KT 1 EEEL. KRB bUDATRZERE.
RET CBREZEBEUZ. SoNIERE. U
HENHSTL2OARN S T4 — (MLIY
100%— MLI> /BREET )L (9:1) )&EBL
THERU. 1 ERORBE/> RESEL., B
ZRERBREUEE. n-AFYZAVTRSIAR
E U IREIBBICKD. KEBEWKR(1)ZEF.

1-2-2. ’OUSB(2)DER

ZEEEX(5) (40 mg, 0.042 mmol) %=
o-dichlorobenzene (DCB, 40 mL) (CBfEU.
NUZILAOXS > ZILIRBEE (63 mg, 0.42
mmol, 10 H¥2|)ZIMX T.ERE T 23 higE U,
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U Bz RS RELL. 0-DCB. MLI >,
1 MREBKSZET NUDAK I MIBEETHRSRU.
FEBERZETZ.

1-3. OV BEEHK (3) D& (RIGR 3)
1-3-1. TRAFI)UE (6) DERK

RIS 3 DITRAFTIUK(6)ZERKT DIz, Ceo
(SUH) 500 mg (0.694 mmol) ZZbD. 500 mi
=AY -hT. 00T 250 ml (TE
BRU. 2-3 BRIIEH Uz, Coo OO
BRES AOD— MSHERWRESTZETIT
500 ml ZA 735 XICH L. Iminodiacetic
acid diethyl ester 197 mg (1.042 mmol) &
Ethyl glyoxylate (polymer form, 47% toluene
solution) 452 mg (2.084 mmol) ZXx. F-
JUIKZATHhiERIG (85-86C) RIGULTE, 1-1-1
EERRDEMHT LC-MS [CKDRIEZEBIRL. 2
BHEOEMARZEDTATIVE (6)DERN =
KICRBE=R (7.5h. TXFIUK (6) DLC &
FBLEDY 51.5%) TRIGZIESTZ, 1-1-1 E[FEEk
DRSEUIBZTTLN. 700 mg DRERM =BT,
1-1-1 EARHFDITSY S A BT LRBRICKD,
NLIREBRMNSESONIEIRATILKG)Z
Major Isomer & Minor Isomer (Co3EEL . LU
DTRECHUTIE. Major Isomer DOHEFERT
dTEEUR,

1-3-2. TAFILE(6)>TO0U>E (3) D&RL

A0~ BHIERGERESZET = 300 ml
3DATJSRAIC. 300 ml DEzZENILIITHE
RUETIATIULR (6) D Major Isomer 200 mg
(201 pmol) ZHRIL. 10~15 SEEREHRL
. BESMP T, NaH (95%) 157 mg
(6.21mmol) ZHRMUL. AL/ CATHEAER
(69-70C. 2h) &#ITDZ&ICKD, BBEE
RIGERESIZ. RIGERZE 42.5CETTT
f=#. MeOH 3ml Z&IIX. #LVT 2N BEE 3ml
ZIX. 20min T D E(C KD BREILEN
UMz, 1-1-2 EERROIIB(C KD, BREW)



RoTO > FHFBK(3) 2B,

Y T, Mashino et al., Fullerene Sci. & Technol.,
8, 89-104 (2000).

1-4. SHIRVEFZEHDER (Rt 4)
1-4-1. 2,2-Diethoxycarbonylpyrrolidino
[60]fullerene (7)DA K%

Cso (SUH)#& 155 mg (0.21 mmol) ZRiK b
JLIT> 100 ml (OB LUz, CNICSTITFILT =
JROVEEEREE (89 mg, 0.42 mmol, 2 HE)
EINSRILATILTE R(31 mg, 1.0 mmol, 5
HE)ZEIZ T 80CT 3hMEEHZITO/z. R
ISDETE TLC (MLIY - BFEETFI)L = 10
- DICK>THRL. Rf = 0.66 fhHAC. BHW
{EEMEBONDANRY bR LUZE. RIGZE
IEsbTz. RIGHRZKT 2 [0l BFIRIE/KT 2 [Eli%
BU., BB NUDLATRZRE. BRETCH
WTBREZBEUZ. 2URSILoOXNST
14 —(MNVI> /BBETFIL (10:1) )LD T
BRU. REBEK (7) 2687,

1-4-2. S HIVIR>ELHEME(8)DEHK

=2 U7 NaH (79 mg, 3.3 mmol, 50 =)
EFAITSAACANATEE ST 3 EEREET
Dz, IS, BKBNILIY 20 ml (SAfESE
JZHIBFKR (7) (60 mg, 0.066 mmol)ZhlX..
45°CT 4h NEMEHZEIT Oz, BNDB(C X4
J =l $WT 2 M BEEZIR CRIEZLEDTZ,
it Ul BUAZ RS RBIC K DIEE L., FEEXR

(8) %8Iz,

1-5. FNSHIRCESHEEOESK (RIGK 5)
1-5-1.
2,2,5,5-Tetraethoxycarbonylpyrrolidino
[60]fullerene (9)D&RL

Ceo (SUH)%Z 314 mg (0.44 mmol)ZD &b,
BiK MLI> 250 ml (OB UZ. CNIC2TF
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V7= ROEEERIE (184 mg, 0.91 mmol,
2 HE) EXAV UL SEBTTFIL(GE80 mg, 2.2
mmol, 5 HE) &H1X T 95°C T 1h YR
Ufe. RICODEITZ TLC (ML /BFEETFIL
(10 : 1) )ICK>TERRL. Rr= 0.53 [CEN
&M ERBOND Ry hEER L. SRR
LEBAREBOND ARy M BENZDOTRIE
Z1LTz. RIGRZ/KT 2 Bl ffIREKT 2E
HEL. BOKREE S MU DA TRZESEZE. B
ETFCHWTBEEBEUR. S>UALSILo0O%
NMZSTq— (MLVI>— MNLIY /BT F
)L (10: 1) )CK>TERL. REEEHK (9)
mEsnsz.

1-5-2.7 FSHILR>EEEERF (10)DEK

2 U7z NaH (93 mg, 3.8 mmol, 66 HE)
ZFRAITSXAACANNAFY> T 30ESEET
Dz, BFZIC, FIKNILIY 20 mL ([TIBREE
J=5FElK (9) 261 mg (0.058 mmol)ilx.
65°CT 40min MR ZIT DIz, BN DB(C X
5 =)l $WT 2 M EBZEINX TRIGZLED
1z. BERER. R—XA MROBKZEZEEZIEL .
HEBEE (10) & 42 mg (UK 78%)1E8=.
'H-NMR [CKD CITFILEDHELERR LN,
MALDI-TOF-MS TEDFA A2 E—O&HERT
SR Iz,

2. J5—L > EBEDONEL(LEERE : ESR
H,0, & Fe," BRAEL. JI > hURIBICK
D-OH ZRESEE AE> SV ITRIE LT,
5,5-Dimethyl-1-pyrroline N-oxide (DMPO)%
B &K U7z -OH & DMPO A &S5 L. DMPO- -
OH 7HUOK&ELT. EFAEHIEB (ESR;
Electron Spin Resonance) ZRWTI&RH U,
BIESBID OH - HEEAE. MARMCKSD
DMPO- « OH 7752 b0 F) LR R IEHE
EUTz. STF)LEEDIHEEEEIE. MNO @ 3
BHOS O =2ERTDICEE U



DFR
Ce0(OH)as
Co0(OH)40
Ce0(OH)~24
Ce0(OH)24
Ce0(OH)12
FEA()S
FEMR(L)L:
FEAK(3)S:
FHEHAR(3)L:
SHILAR B
ISR
FAXIILE>EE (AsA)
N-72F13274> (NAC)
5-72)4UFNEE (5-ASA)
eyt zree oy (PVP)
PVPEIETIS—L >

AERAHI T (TR UTE,

par]

IKEAET5-bY

100mg&nk
1g&5Hk
100mg&hk
1g&HK

JOoyusE

Jxe P apiE

KSREEE : 0.1 mM FeSO, (45 ul). DMSO (2
pl). 384 (98 uL). 4 &HIRL Iz DMPO (10 pl)
BIAOOF 21— (THEML. MNILFVIRZF
H—-TR&UEE. 0.1 mMHy0, (45 puL)Z 7l
LTz,

IAOO0ERYS—ZBNWT, RIGE (100
pL)ZHSABX v ESUICIREF, I\TTHE
Z#URE. ARBICHSAEBFvESUERANT
ESR =& (HAEZEFE JES-REIX)ICtzY hU.
H,0, 700 1 DI HIVERE Uiz,

- OH jHZEMEA(E. DMPO- « OH 7450 K774
O NEEDOBHEMRER (Inh%) LT, UTFTD
XZRANWTER U,
% Inh = 100 — [(S.Isample/ S.Imn2+)/(S.Iret/
S.Ivn2+)]% 100
(SIsample @ B> TILIRNMEDS T FIVEE,
Sl : U TIVEERINEEDS DI F)LAEE, S.Iu,
2 L IHIR—H—DITFILEE)
S0%EEREZKD 2 smxAVERIIERNS.
DMPO- - OH 740 hDX % S50%EET 3R
E(ICso)Z8H U,

67

3. [*C]Ceo DARRT5 ERESL

J5— L 2 BB RORNEREZ/REIRT Dz,
KERE (. MC BRSNS Coo (B, [C]Ceo)
EERTRCEEBNEUR.

[*C]Cso DAL, Scrivens S(2LD 1994 4
(CRESNTLBIN D, 2EDOMCZAVTER
LTWBT &, EE[MClCe AFDIBIZT. A%
D MC ZORUTWBREDRENEITESND,
2010 £E. Sumner S(C&DREENHX 2
BVWTEHER[CICoo BRI EIRETEINT
LR, BI T, RARCHWTIE. KDFHEER
(C[C]Ce0 ZEMT DT EEBNE L THRS
T TEEUE.

[*C]Ceo (. 3 ICRL. BERERND
Ba[!*C]0s & He & T T AgCl/PbCl, &3t
450 CTENRIE. REULR[MCIO* HRX%E
2-UFATS>D ELO IBRICELMEEREA U
TISHILRUBEEER UTE. TS5 HILIRY
B2, LIAH, ZBWTETULIZIILIYUILTILO—
ILEUTZE. BRI ERSETIS RBIIEICE
AfbUlz. DS REId. ZFLBRREGEED
—R> & PC5060G. p = 0.58 g/cm’)(CIRES
BT 250 CTHREZIE LTz, ZILERRERE
RE\EEEZRWNT, 7—7UE (He BEKT. T
7140 kPa. DC40 A) #ITL). ERUE CooZS
ORE, ZFLREZAVN T —URELEBEANE
FERL. BATBRCEICKD, BRELTIS—
L >tz EUR Uz,

IS—L I HEE. HPLC ZRVWTHEEL.
Coo EFERL UTz. UV/Vis IRIRZRT N VRIERT
WA OFL—>3>hU>F— (LSCOBRITEIC
£D. Cop BEHIULLMETREERE U,

2 W. A. Scrivens et al., J. Am. Chem. Soc.,116,
4517-4518 (1994).

3)'s. Summner et al., J. Appl. Toxicol.,30(4),
354-360 (2010).



C. HRER (RIAD [CHEHTREHT D)

D. & &

1. I5—L>BEH%DEM

1-1. OV BEEEHE (1) O
TRXFIUK (4) : Cgo (SUH) 500 mg 15, 343

mg (BEREINER 53.7%)AME5NTZ. SRS T

AT )UAAD NMR DfiERZE L T (ORUTZ,

J=17 Hz, CH:COOH),
4.616 (1H, d, &9.5 Hz,
CH2-C60),

5.102 (1H, d, £9.5 Hz,
CH2-C60),

5.395 (1H,
CH(COOH)-Ceo),
12.877 (bs, COOH),
13.651 ((bs, COOH)

(500MHz,
DMSO-dy

1H-NMR & (ppm) 1.248 (3H, t, ~7.0 Hz,

(500MHz CO:CH:CH3),
, CDCls) 1.420 (3H, t, J=7.0 Hz,
CO:CH:2CHs),

4213 (2H, ABd, J
=17.5 Hz, CH2COZ2EY),
4.352 (2H, q, J =7.0
Hz, CO:CH2CHsy),
4372 (2H, q, J =7.0
Hz, CO2CH:CHs),
4787 (1H, d, J =9.5
Hz, CH2-C60),

5.093 (1H, d, J =9.5
Hz, CH2-C60),
5.569 (1H,
CH(COzEt)-Ceo)

JOUSE (1) : TXFIUKG)N SR U
REMFROTIOY SHEBMAK (1) 140 mgB5
N, SRR, 74.8%TH D 'H-NMR D
DFER, BEXE Y BT BRI NLHES
Niz. LA ULRNS, 8B Y E—HFT BN
2 MLBSHCEIRIRA SRS SN ENS, BlR
BRSO ENCAS DRSSV ERIRISIC
EDEFR UL EOREMESEEINTNSE
BEMENSRIEENIE, FOU S BIEEERDIEE - 15
BRI L. SMERBEATAIRTZZEN
SHOFBETH D, JOY BEEAR(1)D NMR
OFEREMN T ICRUE.

LEESHMT. 6 3.809, 4.015, 4.360, 4.419,
4.90~ 4 .95 fHaICERNRIRNERH BN,

J0OYU S BEEREKR(L) DD B AEERRET U
TEHER. BUTFORHT HPLC ZITD T &ICKD,
UF>23>451 A% 28 FCEEEMOE —
O RHEN., N EDBET D ECRHRINULTE

(B 1),

< J&H8% : 0.1%TFA-DMF

« 735 A Buckyprep-M
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The fullerene Cgp is used in consumer products such as cosmetics owing to its antioxidative effects and is
being developed for nanomedical applications. However, knowledge regarding the safety of fullerene Ceo,
especially after oral administration, is sparse. Here, we examined the safety of fullerene Cgp in mice after
7 d of exposure to orally administered polyvinylpyrrolidone (PVP)-wrapped fullerene Cgo (PVP-fullerene
Ceo). Mice treated with PVP-fullerene Cgo showed few changes in the plasma levels of various markers of
kidney and liver injury and experienced no significant hematologic effects. Furthermore, the histology of
the colon of PVP-fullerene Cgo-treated mice was indistinguishable from that of control mice. These results
suggest that PVP-fullerene Cgq lacks toxicity after high-dose oral administration and indicate that PVP-
fullerene Cgp can be considered safe for oral medication. These data provide basic information that likely

will facilitate the production of safe and effective forms of fullerene Cgo.

1. Introduction

Advances in nanotechnology have led to the recent devel-
opment of many nanomaterials, including nanoscale silica
particles, titanium dioxide nanoparticles, and carbon nanoma-
terials (Augustin and Sanguansri 2009; Bowman et al. 2010;
Konstantatos and Sargent 2010; Petros and DeSimone 2010).
Nanomaterials typically are defined as materials that are 1 to
100 nm in length or diameter. Compared with micro-sized par-
ticles, nanomaterials have a high surface area, with increased
structural integrity and unique mechanical, chemical, electri-
cal, and magnetic properties. These properties have led to the
use of nanomaterials in electronics, foods, and cosmetics and
as drug delivery vehicles (Augustin and Sanguansri 2009; Bow-
man et al. 2010; Konstantatos and Sargent 2010; Petros and
DeSimone 2010).

The fullerene Cg is one of the most promising nanomaterials
because of its unique chemical and physical properties (Chen
et al. 2012). Fullerene Cg is a remarkably stable compound
consisting of 60 carbon atoms, with a diameter of approx-
imately 0.7nm. Thirty carbon double bonds are present in
the structure, to which free radicals easily bond, leading to
fullerene Cgq’s characterization as a “radical sponge” (Kru-
sic et al. 1991). Because of this strong antioxidative feature,
fullerene Cgp is used in cosmetics to reduce oxidative stress in
the skin (Benn et al. 2011; Kato et al. 2010). In addition, various
water-soluble fullerene Cgo derivatives have been synthesized
for use in a wide range of biologic applications (Aoshima et al.
2009; Kokubo et al. 2008; Lin and Lu 2012; Yin et al. 2009).
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For example, water-soluble fullerene Cqy has stronger anti-
melanogenic potential than do naturally occurring whitening
agents (Kato et al. 2009; Xiao et al. 2007). Furthermore, water-
soluble fullerene Cg derivatives show promise for the treatment
of various inflammatory diseases including rheumatoid arthritis
(Huetal. 2007; Yudoh etal. 2009a,b). Because of these potential
biologic applications, several studies have assessed the safety of
fullerene Cg and its water-soluble derivatives (Aoshima et al.
2010; Kato et al; 2009).

One water-soluble derivative, polyvinylpyrrolidone (PVP)-
wrapped fullerene Cgy (PVP-fullerene Cgp), is used as a very
stable, strongly antioxidative ingredient of cosmetics (Aoshima
et al. 2010; Xiao et al. 2007). When applied to the skin, PVP-
fullerene Cg exhibits protective activity against the apoptosis
of keratinocytes that is caused by reactive oxygen species (Xiao
et al. 2007). Furthermore, in vitro chromosomal aberration
assays were conducted using mammalian cells and negative
results were reported for PVP-fullerene Cgy (Aoshima et al.
2010). However, only a few studies have addressed the safety
of orally administered PVP-fullerene Cgg in vivo. Therefore
assessment of the safety of PVP-fullerene Cgg after oral adminis-
tration is a key area in the development of nanomedicines using
PVP-fullerene Cg.

Here, we examined the safety of PVP-fullerene Cgq after oral
administration to mice. Our data show that oral administration
of PVP-fullerene C¢ induced negligible changes in various bio-
chemical and hematologic parameters. These data provide useful
basic safety information that likely will facilitate the develop-
ment of safe and effective forms of fullerene Cgg.
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