2002 4F 3 Biz A BPRATIZEThS Z
L AR S TLLE, FAO/WHO DEMFES
BB TRELPILD M 2ERETE
DETBOT LI RAFHTHELED T
Do

ARETIZZOL I RRIEDOT, MiTk
SREHEMFTREBEHEAL, Thoxti
THAESRMEPEREAZTHZ LN
L5, FEEEIL, MIZXIBEFHEOH
HBBOBEHAOEH, 1) & b)Y oVERK
MakdkE AWT, BETFERERAR. /b
EHEE, axy FERBREITY, in vitro T
OBREBEEFRETHONIL, £, 2)
Ty bBLUE SO ERRRIIME, Y
RFICL2BEEE~OREBZRFL, &
HiZ., 3) MIZXZ - THERENERER
Bora—=y7 L, BETREFOEEN
LRI EIRIED A h = A LD 21T -
7.

AEER MEEORERFEEBEZ T,
UTOHMEETo T,

1) PEEEITRESI LIz B invitro B
FERAWT, BYHBEOTRMT XS AL
DHEENRPRERFAT I L,

2) MORBHMTHZZVTFIF (G
WBLT, MEERRIGREHESER
MEHOMIL, FOFEREIEERRA
THZE,

B. MEFiE

1) AReEy
TZIAT I FMAA) MK 71, 7).
ZYFIF (GA) (MW 87, LKT
Laboratory)td, MERBEATHE L, &
VT H D, TAFUET MU T A (ALG
YA, 4 XD »(INU; FodEMER), v
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awrtr (GM; Fksids), FXR M7 v
(Z7 A=Y 2) (DEX; A, *
Fr (CHI; FI#E)., AFrkrn—2x
(MC; FYEHEZE) REEARKTHECR
ETHELL,
2) t MBRARR

b b Y oSEEERHRAREE TK6 % AV 7z, TK6
RF IV r—E(MK)BEFH~T T
HoHlh, TOREBEFEF—F v LK,
BETRAEZRZABRVBFETHD, HHM
FARRIZ HDHIRE R, AL, b L <X T 4 FERT
IR L, #AEE(Relative Survival; RS),
DNA$REEAE (22w PRBR) 2FEME LT,
%O 8 FRERIC, MMERRIC L S REME
WHEREEE. 2RI KRR 510
CFRAERFRMELTE L 2, ABHEE
kDR L LTIRZ v MFEHESS (V=
vENEEEE) B, BLXU2EFEOE MR
B3k 89 iz, fUHTEHELIz &5 AL Ot
BEMEERFME L, 28, &k S9IEEF
{63 5 Human and Animal Bridges (HAB)
LY. AN THESHIZLOTH S,
3) RURMIC LS
REORE THES N -RYBHL.
R SRBE L. IREEE L,
D%, A ZEHBE Ing/nl THEML,

S BT A RS Ui, R, MRt
¥ L, PR RS C 48 BERISE SR, MR
BB L7, -, HiEtiTagsipme
DA RIS FR N Gk T2,
4) BREBRELOBETHEN
MIZE-oTHER SN TK #EFERE
R4, BIUVBRTHRERLTERME 56
e rsv—=7 L, EEIZHEVDNA 2
Hil, IKBREFOZIYvdbzr Yy
TOEEMENE, 2 be—LTHB B



7 u LA & EITERRM PCR 2470,
GeneScan fEHTIZ X v LOH BUBR TR o &
&, AT ERREELE,

(G EE~DER)

AR TR Lzt MR KE Averican
Type Culture Collection (ATCC)IZBHEH
OYLAERR T, EEMIZEHER LTS
BRThY, mELEETRY, £, 27T
DEERIIFH L REREICERL TIT-
7,

C. HfoF
1) M oHisElt, BEFEHRIIRETREY

DR

TK6 #HAR % —EIRE DA Wkt L 5232 L,
F D%, A ZEREEE lng/ml T 4 FrREE
F L, M OMRESEME, PMEFREEATD
FhoRPpFEEOMBIIRLRM L, £
NENRORYEEOLEBE I TO®EY
ThHhY, THIEEEHFE LMRICENEIRE
RIS IETH 5, ALG(0. 25%). INU(O. 5%),
GLU(0. 05%). DEX(0.25%). CHI(O.25%).
MC(0. 25%), AA BEJMUATE T, FEREEMEIIH
0%, /NI O 3 R OB AR
bhic, 2@ TORYHHEIIERTRIZE A
FRuRFEE R E T, A OMIEsE I L
THIFLAYER 5 X ol (Fig 1),
IMZBRIZBE L TYH, BB T/
BOBRELFREIDBHONEL oM, M
L AMEOTERICE LTI, GM, DEX T

WAVEBR LIRS O HEMAAR bh R,

HEERAEED LR ST
(Fig. 1),
2) A & GA OfERREME, BCRFEMOLE
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TK6 FREL & VYT, AA & GAIC X BimiasE
%, TK-BIEFRARERGRME., MEIFHRE
FHE LT (Fig.2), A REERTNIZM
FaEtEZR L, 14 oM(1 mg/ml ) T 80%D
MAEMNE R L, K EREROBERIE
FBREOHRTHERETHY, NS 11.2 oM
PEoBEBECTHERRRONE, —F, GA
AL X D IRBEIC I, MBS N
Eh, ERTKRRER, MELb, b
BEREPLHERNER I,

AA, GADDNAREMZ 2 A v FEABRIL X
> THRFL72(Fig.3). MiZI2TORET
DNA IREEHE AR Do DIz LT,
GA X 0.5 oM D{ERE CHBEENED L
. AEEFEITEmMLE,

3) M AITE->THRBENDIBRETER

TROKM

WEEE., MITLIcBATER. BLXUME
RIZL > THELN K EREOREFH
HOREIZMAT, ARk o THERINE
EREOHEE #1To7o, TK ERERHHEO
B NG(normal growth)ZEEREL, BRD
BV SG(slow growth) BRIz ETE 3,
2.2 oM TARRINE LT, NG ERE% 28
8, SCEREL 6@ v—=22 1L, TK
BEFO LHER 21T o7, BHE% Tablel
JoRT, BITRER L SCERBEOEI LB
e, TKEAEROERALY bk
Fig. 4127 %, EEOHERTIIM~IR
LOH 2 HFIZHERT D2 L Bbhofe s,
XFRANZ GAIX LOHSERER X v XL L A3k
LOHBERPEL LTHERLE, 2Oz
FELCA R EFLVOREREE LV b,
RERERBEOBRETFEREFTRTIZ L
ETRRTOILOTHD,



4) SOIz kB A ORBEH

AN FE—RRIT . B EEER (CYPZELITR
BEN. CAIRTREND = EAHLRTY
5, MZSONEL, FOMIRETHEL., b
EHEREE SOEFETTCORBELERL
e (Fig.5). TOME. SO RTHIM Y
BrExlaholz,

D. &%

A PEEIFEEY TRIAMERER SN T
WAZ G, TE3ETREPILLD AL
BN, RREZRLIEIHFEBIRFEINT
W5, RS EERLERLLEE
=, BYRSOHERREETIEY
THZEMNL, BEHOHEMFEESTHE

BT E D, ¥, JEHEREEZGD,

ERESCY I eRESEHRNER 51
HELED, ZOLIRRE, RELIER
D invitro TO®MERLW, b LEFOER
VEERTENE, in vivo TORERRO
2o ) == T LTHRRALELLNRD,
FESEEE, b b invitro RBRITBWT, AA
X AR, BEBHEIRNITRE
TEBZENbhol, ARBRAZHANT
6 EOKBE, FARBEHRDEE. 618
ALG(0. 25%), INU(0.5%), GLU(0. 05%).
DEX(0. 25%), CHI(0.25%), MC(0. 25%){Z-2\»
THRHNEToHB., 2TITBWTEHIZIR
ol FEAEREEMTHI LD,
REFEREXKEBETORRTHLZ L,
SLER S L BRANERFT D 1 RFTH D T
Lilhh, ZORRIZTITHMREZ2<E
ETAZLRTELVR, FOREHITE
HTENWLDEELLND,
MORBEHEEZ LD GAITHERERR
BOICHRRREE, TK BEFERER, D
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FERERLE, £, TOERERE. %
REZETD L. FOEHREILESHO AL
OBV LHERIIND, TK6 #E
FUCB T HRRERFESL 2 BH8mMsE3
BEIZ#9 55 vug/ml LEE &N, 800 ug/nl
OAMDOHISHETHD, £, BRERD
Bb M L GATII2< R 3, Mit#ER
BHEMEVE, TKERRERERRZ ML~
SROLHEZEL LTRLEDIZH LT,

GA 12 LOH B OEI&IXE <, K433k LOH
RERTholc, BRARI MVRTAF
MEFITH D EMS IZEERILTEY . GARE
RERERZFERTAZLEFLTNS,
T—ARRERTH A BBEHLDIZILT,
GA RBERZTRTZ EBMEINTRY, 2
DI EEEFTHILOTHSE, IAy MR
BT, GARMEIED b A EEKEFEMCEE
RIG2T L2 5, GA i DNA ICiEHA
MEREEZHRLRREREERTDHZ L
BEZGNS, —h, ~IBIL0H 25/ &#
T A RREATINEELTIERL, oAy
Rt 2D 2 LS o A3 < DNA
BEWHIRI 2o, MEP, ERER

OFEBLAE AN END, A BEOR

EEEE LTI DN RESEREL B P25
WERPERTHILENELDNS,
AMAFXCYPZEl itk b, = RFVRE L2
GAICER I, MWBEREEZF I EMN
FHRENS, LELARRG, SROERT
XA SOFET CRERLTHF DMLY
BIERILER® bhiad oz, CYP2EL i, S9
FARHEREFEIKRETIZ L bHEINT
WAMR, FLCYPZEl TREZ SIDV 2
A=bedIy ON) OBERCIREFEELE
HOEENRB LN 6 S9Hho
CYP2El OFEHII 4 ThHha EEL LN,



AA & GAD in vivo DBMsEHEIZE LT
125, NCTR @ Manjanatha &% BigBlue
<7 R AW HPRT, cll ERLERERO
REEHELTWS (Environmental
Mutagen Society 35" Annual Meeting,
Pittsburgh, 2004, 10), 10. 50ppm D£%
ATS0 BEKTEL. 4 ER#BICFETODSE
RERL, TMEEHELERIZERL, T
LA M TEOFRBIEN T, 2D L
X, A X In vivo TR FT, BMERHE
MENDZEERLTWS, ZODX5IZ in
vivo &, invitroBRTOFEHROEANL
BTV E, RERASZTOEE
B LTWA b L, S9 2Fne
AR TIIRMNMOLENEETH S,
S CYP2El 2FHFTDH I AV ==y
7 MRS R VT, M O & T OB
B EMATILERDL, Z0E5%
RSB OB, A OEMHEMEI DD
FRIZESHZ LB IhD,

- BEEHEY invitro TMIZE->TEREN

3 b MEFEa~ O, SRR L
TRILEREIR Z RS 2o,

M ORIITH S GA 1L, M XD bER R
BEART, GAREB DN ICHEY 5, &
BNEREFRTDbOEEA OGN,

‘SOFHETTH A OEMHIEE SN DT
Zihh, M OB X ABIREETER
Drotc, $9 &AW ERRTRBORRRTRIC
ERRAAES D | RMREEE R R ORIz L B,
A DR, BLUEERREE O L
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EEZLNRD,

F. BIEHR

1. FRXFEXK

Honma, M., Izumi, M., Sakuraba, M., Tadokoro
S., Sakamoto, H., Wang, W., Yatagai, F., and

3

Hayashi, M. Deletion, rearrangement, and gene
conversion; the genetic consequences of
chromosomal double-strand breaks in human
cells. Envron. Mol. Mutagen., 42, 288-298
(2003) |

Zhan, L., Sakamoto, H., Sakuraba, M., Wu, D.,
Zhang, L., Suzuki, T., Hayashi, M. and Honma,
M. Genotoxicity of microcystine-LR in human
lymphoblastoid cells. Mutat. Res., 557, 1-6
(2004)

Wang, W., Scki, M., Otsuki, M., Tada, S.,
Takao, N., Yamamoto, K., Hayashi, M., Honma,
M. and Enomoto, T. The absence of a

functional relationship between ATM and BLM,
the components of BASC, in DT40 cells.
Biochem. Biophys. Acta 168, 137-144 (2004)

Yatagai F, Morimoto S, Kato T, Honma M.
Further characterization of loss of
heterozygosity enhanced by p53 abrogation in
human lymphoblastoid TK6 cells:

disappearance of endpoint hotspots, Mutat. Res.,
560, 133-145 (2004) -

2. FaRE

BARFEE, RNF=HI— TR N, b
FRH, FMER, %k H. EAEL, B
BFAl, (UAMZE  GeneChip 1T X AYfEF3
HETEAVWTT VA M e X TEIZ X8



BFHEORRTREZ FRIFTED
B A A aiie (2004.9)

% 63

MUET, REET. HEES. /MRBF.
BEHES, BBRE, WL, MEE, LE
—i AMER b J BRI TKE
ERAWETZ VLT I FO invitro BinE
HFAREBOMNT PIARRERRESE
33 [EkS (2004.11)

B A=Y IV I TR
EFR., # K. #8K#FE b bARICRT
HEEEMEMHIZ L 2 REFRALORE
i BARRRERREE 3B @RS
(2004.11)

AHER, BERS. MRITF. BERAE,
WA, % H b P2 ARiRELR
DNAZ A< gHEN0T Diidy 55 47 B B A KR
s (2004.11)

BB EA, BUEHS. /MRAT. BARETF.
# H. FXBEFE b FERITRIT S DNA2
FYUIHEE OB AR E H4E
B AR EFS  (2004.11)

HEHRS, FRER, MRAT. BERE,
BANF. B e M/ AFRRELR
DNAZ2 RGO Oy 55 27 M A AR F4£
e (2004.12)

Honma, M. , Sakuraba, M. , Koizumi, T., and
Hayashi, M. The fate of chromosomal
double strand break in human cells.
Environmental Mutagen Society 35™ Annual
Meeting (2004.10)
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Honma, M. , Hakura, A., Oka, A., Takasaki,
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T. Establishment of humanized in vitro
genotoxicity system. Society of
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G. HRETRMEDOERERT

2L



/1000

(%)
120

100 —

Cytotoxicity

80 —

60 —
40 -
20 -

M - _

50

Micronuclei

40

30

20

AA
ALG

Ll

-
s
1

L]

TOX

AA+ALG
INU

AA+INU |

GM

AA +GM

DEX |

AA + DEX |

CHI

AA + CHI

Fig. 1; Effects of diet fiber on the cytotoxicity and
genotoxicity induced by AA
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Acryamide

ooy CYiotoxicity (RS) TK-Mutation Micronuclei
80 40
NN _ T o A
& 60 W & 30 / = Z/
ol % S
v 40 ~ 20 =
=
20 \Y o — l%'—l‘ ‘V = W
0 1 1 1 L 1 0 1 1 1 L 1 0 I3 1 1 1 1
0 28 56 84 112 14 0 28 56 84 112 14 0 28 56 84 112 14
Glycidamide Concentrations {mM)
140 - : 357
120 A 100 / 30 N
100 4 . 80 = 25
s 2 [ Eau /)
5 N x® 7 S At
@ 80 y 15
N &40 z I/
40 / =10, 7
20
20 —T 5
0 1 1 0 1 1 i J OI 1 H 1 I's ]
0 05 1 16 2 25 0 05 1 15 2 2.5 0 05 1 15 2 25
Concentrations {mM)
Fig. 2; Cytotoxic and Genotoxic Responses of Acryamide and Glycidamide in
TKéG Cells
Acryamide Glycidamide
150 ~ - _—— e 150 - - - PR ..
£y
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frory
o
=
O
— 50 50
G
b=
0 — ¥ T ¥ 0 L L L L
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Concentrations (mM)

Fig. 3; Comet assay for Acryamide and Glycidamide in TKé6 Cells
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Table 1; Results of LOH analysis of TK gene among
spontaneous, AA-inducing, and GA-inducing TK mutants

Cytotoxic and .

mutational response LOH analysis at TK gene
Treatment None Hemi. Homo.

RS MF %SG No. LOH LOH LOH
Spontaneous 190 219 56 56
NG mutants 19 14 (74) 3(16) 2 (11)
SG mutants 37 0(0) 9(24) 28(76)
AAdnduced 40 189 54 43
NG mutants 20 11 (55) 9 (45) 0(0)
SG mutants 23 0(0) 12(52) 11 (48)
GAinduced 12 555 36 44
NG mutants 28 26(93)2(7) 0(0)
SG mutants

16 0(0) 531 11(69)

AA; 14 mM, 4h treatment
GA; 2.2 mM, 4h treatment

Fig. 4, Spectra of TK-Mutation Induced Mutagens in TK6 Cells

X-ray EMS AA GA
(2Gy) (150uM) (14mM) (2.2mM)
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Fig. 5; Effect of 89 to AA-inducing cytotoxicity and
micronuclei induction
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BASBRFRARENE (RELEERFEFR)
T 27 YT I FOERMHECZEDRIEET 55

HAFEREE (P 1 6 4EE)
T7INT I FIC X SEMERONHICET S KRR

SIEPRE R EYRRLAMHENAFRER B&
(BATIEE ¥ & EYERRRLSEREEER =R)

WRBEE : 77 VAT I FACRIZ L > THERE SN SRRV LEREZIIN LT, REEEM GRS L
TWSRELIER,/ BEEROFELZVLAERROL 2 L ZHHOHBREOMEHROFEICHT D
REEZKT L, TROIOWTHER, FI, BRI/ D 5V IRHRHUER TS O OB
BiTolc, ¥, SEERFIIZ, HEENTO ACR OREIC I SHEIERINLE LS LT, S
ZOHRAREC X S BEMFEROFELZ BN L, B¥Z SDIGS 7 v b2 FVvyT, ACR # 28 0 200ppm
A E L THERERZAR TSI AVERAVEE, ACRICEXIBEEMHOEGYT L LT, T
&% 2000ppm e -lipoic-acid (ALA),  10000ppm « -tocopherol (TP), 1000ppm diallyl sulfide (DAS)DIRAE# &5
%, ACRH5 1 HEAT L ViTo7, ACRIZXDREEGIFIERAOEMERMNEE LT, BISTHEOKRTLT
W% phenylethyl isothiocyanate (PEITC) 500ppm # 58 bRE Lc, KWT, RMBMHS OS> R#ETS B
BT, BRHEDT v b ZRAVT 2.5% sodium alginate, 5% glucomannan, 5% fibersel, 2.5% chitin, 1% chlorophyllin
DIREZ L SRR E2IToTc, TOHFR, HEECYHEODRITH L TIE, ACRIZIZHBEEMITALA K
FUORELBIFEH, TP L PEITCIC L > THEHMIZHHIND Z L2 RE L, PR H I\ LHE
HERTORBCERRBREEAHORIEREILLY, Zhbd ALA, TP, PEITC OHEERIZEA LT, With
LINEFF RO Ry 2 ZAHEHBEMELTWDZ EARBR S, BESEMIZE LTI, ALA & PEITC
THONEMERIRZ R LI, FE, BETORMDIVIIEER PV ABEBZORERETIE, —h
LHOLEWIIHRPLRMERIREEN 2o, T, RYBMESS chlorophyllin £ 0B EORE, {7
NOMHTH ACR BRAEEESIURBERTLMHTE T, WLERATORYEMZ ¥IZX 3 ACR BRI

EFEMAR, SEOEREHATTRAEL TWWRWEHEI S,

A. BFEER

T YT X FACRYITHAEER], & utlE,
BRAGHE, PERPHEOIBYERA, THRGRA, #
AF), B, HETEALORELLTRAWLIRTE
v, B3R ACRITREE SN fEER ST L TRERR
ERIFRITILER, BOBWMERWCERT, %
FEREERTRT Z L RHEREER TV, Eie, Z0oWH
IEEREEETL, ERAERREShTEY,
International Agency for Research on Cancer (IARCHZ X 5
FEPAAESEITBVT, ACRIZ2A (NIZHLTREZD
SEBAAERD D) ITHESh TN,

VI, AV z—FVEMIZLY, R by Zkrbk
FLERTITIMRORER, BRI ESEEA
FHEEEES, TRRBITF&ICLY, ACR BERE
NBENVIRBRBD D, RlcFEEOE AL
ZHEBNT, DAEICRETSMIRATO ACR

SRORM L, RICHEHSFHEN TV ACR OF
I T ORI T LB 2T — (U2
TORBOWAHMEE I ioREs b3,

ACR Kt % 120°C B EIZ B LTS, #
NILBENDT ARG E L EOT I /B EBRTEOR
X D EREN, RF b Fy 7 2EDMEEE TS
BIZEREIND (1312ugke). & FTO—HY%ZW D
TR 2R UTckE R, 0860 ugke AT (EHI
FNDOER), 03-08 pgke FE (REBEROFHE) T
BB LBHEA LT,

ACR IZ X 2 HHEEMEIT, Na'K'-ATPase &
neurofilament 2428 & L7z fast axonal flow MFAEIT &
SEEEEL AL LTW5, REMAHRENIIT,
sensorimotor neuron MFEALMEN HOFREE L L L TR

Y, central and peripheral distal axonopathy % 4E 125 25,
FIEOREOET & 3B HR2 <BRVEBEF SR L,
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BT OBSEER TR, BRI EE ORIIOLEHE
fLLEZ TS, ERMITRD bW icmiREEED
NOAEL iZ 0.5 mgkg/day & 72 o T3,

HEATRRREED, HEEFICER L ESRTEIC L
SRAIREEOHN, BEOSREOR LERRIZT
% DNA fTIMERIC L B ENREL DTS, 20
A-FEBEE D NOAEL 13 2 mg/kg/day 72> TV 5,

HEEIZE D AERZ ACRIT, FrZa—A
PASO(CYP)2E1 I2 L B 7 U -4 3 LA v {ROME
I~ DNA I IF 2R LBETFE2EET S, 207/ )&
¥ I FIXACR &R /N F 4 A0S 52 TRS
ah3,

MEEOHAEITINT, 7 FEAVWZACRD2S
BRIz D 28K I X A HREERREILICE
WT, R E Th Y HiRmaicx L TRt R T
L, BERFEME= o —NF—2 Pzt LTmEIER 2
R Z EMBH BTV S o -lipoic acid (ALA), BRIEMED
NELSETHD, HBIHEEEE (CYPIAL, 1A2, 2B1,20)
OFHERbHLNTWS a-tocopherol (TP), =1 =
7 BEOBIERLBFOFEATHYCYP 2EI0R
EH T Hdiallyl sulfide (DASHZ VT, ACREIEIZFH
NENERFEE L, ACRIZ L3RRV LSRR
1D MEIE R OF EIC B 5 AR A % 32
KLz, £k, MI<EEICACRBRBEENICATS
MEWER S R ENPEITCOR SR LRE LI, 54
BERXRESEREITB 2k x, Zh b ORB{EEMEOR
I & RN L D ERFHEAAT L, EizHH
FROA =X AEHRET S ENT, HEHEEEEA
HBRET 2 1ToT2, WiZ, ACROBAE « T v 7T
LAWEERENEE ENE LT, BRSO
BE LD ERRIILE,

B. BFRHIE
B- 1. hifp{bEibEE (1)

6 EHROBESDIGS 7w FE 108, &£572WL 10T
1251, ELESEROH, SHEORM{CYHEEN
IZE Y, ACRIIIEKIZE Wi E5E%TT» 72 (Fig. 1), ACR
OBEIER, FoUkEI L DRI Rt
EEOHLAZEXNONTWARELEEIZ 200
ppm & L7z, ACR 22\ LR E OBINE B RO,

WiEOH MR EHLRE Lz, BEBRED, ALA
2000ppm, TP i 10000ppm, DAS i 1000ppm, PEITC
i3 500ppm & L7z, Bt EHR R E % 7 BR9ATR S
D%, 28 BEIERYME L ACR 20tB%E Lz, #534
M, R, FUKRE (ACR£BE5HOA) LHEER
(Gait score) 2 H—RIOEETE=F—L 7z, Gaitscore
i, BRIV TI0x90x20cm DT 5 AF v 25
OFRTEHE L, L8 L 2B L, normal gait % 1 4,
slightly abnormal gait  {slight ataxia, hopping gait, foot
splay)% 2 /&, moderately abnomnal gait (obvious ataxia, foot
splay, limb abduction)%: 3 X, severely abnormal gait
(inability to support body weight and foot splay)% 4 /& L
THT v b LUie, ERIETEIC, EHEIEOERZTT
Wy, BREE KRR, RBRLEE, B OMRNEEEE ST,
XA, SEMREEERL, AR, R, W Rk
IKDOWTRERZRANE L, RIS OIERT 10%8
EREt <) S TEEL, BRI 7TVEEL, %
NERAT 7 4 Ao, ~ehF vy w.
AV (HE) fefaZfToTlc, Ti, LEHEIMRHM
DA 2.5% glutaraldehyde O AHEE 247 - T £ B
L, =R eBg, 1um A 2ERL, AP rT
N—RaRAToTe, BBRMHBIWTIE, HBHREED
¥, FRALERHEEEE, ERELUICHBIIERME (B <3u
m) OROFERIZER L, FEITBWTI, HBRR%
B OWH LIEEE o EIE Lk,

FRRAAL LT, K, /M, - TR =R
{Z-2WNT, catalase (CAT), thioredoxin (TRX), ¥y
-glutamylcysteine synthase (GCS), heme oxigenase (HO)-1,
CuZn superoxide dismutase (SOD), EC SOD, Mn SOD O F
1, REREORME G, Ef, V7 REZO
$8tEE LT, synaptophysin (SYP)D#th, synapsin-1 1=
WT, /MESFRETORAMHZHRIIL, SYPIZOWNT
L, ACRICX Y BRERREMERTIRIREDO N E
LT,

Western blotting fFAT & LT, ¥R LATIZICRIT S
CYP2EI, GCS, HO-1, CAT, TRX ORREZHHE Lz,

B- 2. EVHMSORSER (E%R2)
ER LFEROFER T v b a—1T, FRHEOT v
k% BV T 2.5% Sodium alginate, 5% Glucomannan, 5%
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Fibersol, 2.5% Chitin, 1% Chlorophyllin ®{f &5 21TV,

ACR KL o THRINLFIHREE, MRS TE
SYP AR EEEDSA, RMEREIINT 282K
L7 (Fig.2).

(REEmm~DECRE)
HEm~OER L LT, IR EERIEOERE
VT, BoSBEERNBIZL ¥, T,
B —F VEERREE T CAEIMR AV L DB S i
MW LI X D ER Lk, BN EL 3 ERITE
/NRIZ & Eidiz,

C. BrEiER
C- 1. Bt REEER (ER1)

B HHEEP, ACR 285 LAAH CHUKEZ L
Tkt R, BEMICEALDpZERDA o7 (Table 1),
BEIZOWTHL, ACREBEBIAHE LIAE XY ACR#
E5fTolc 28T, BUEBEICE UAEOIER
AED LN, 4 BACIRAEREEEZR LI (Fig. 3).
Fiz, ALABRBIZE > THEREDEFEVEBALHIT, 4
3 H T ALA BURE 53 CII S R L LB 62
pEEESRL, ACRERREEMTIL, fhoftRRE
EHZH~T, ACR+ALA £ T ACR BUMEE 2 R EOE
BHOBEMEER LT, Gaitscore IZBIL THE, ACR &5
X DIBBFAOIT A = 7 30 CERAEE) 2R L72A,
ACR B SR H~T, ALA SHABETACR 5.2
BEXY AaT7OEEZZED, TPHAFETII4EAEIC
BfEZR LT (Table2), 72, ACREEEZIT-TVWW
WEETIY, BIO BRI bhiah oz,

FEERIIHMCHLARELTEDT, ACR LM
TO ACR fEREZ LA SR ZERED bhieh o7
(Table 3), FRFIHOAEEIX ACR BB CELTE MR
EHARTEMBELRR LY, ACREREREOERIZHAL)
RERRD R oT, HBEL (BX) X, DAS
B BB CITRERORYD, ACR BEIERHE,
ACR+ALA, ACR+DAS, ACR+PEITC #58¢ CHMI
EO#M, ¥72 ACR+ALA, ACR+DAS, ACR+PEITC
BEPCIIRE FEREEORBNEEH T (Table 3),

RIS OER, ACR B 5B TR

(BB ORMROEHELTDELOD, TORE

iX ACR BUMEEEHITIER ACR+ALA, ACR+TP,
ACRAPEITC OFEFETHLMNIZENT LRSI
(Table 4, Fig. 4), ACR #2512 & DEdRAEME L 4Lz, iR
BHEBEORY, AIREOEREIEDLY, et
RIS, BEORMNIALAHRAE CERITHRES R,
TMEEREIT ALA E7203 TP BEARECHE LR T L
(Table 5), ¥z, ARMEDOER (B S pm OEIFRED
BEFEHHHR OB THEREICWE L., ACRERAI
X D =D ganglion cell i 38 bz I AR
B, (EEEORREIZ L VUESREED
=7z (Tabled, Fig. 4), ACR#EIZX W/ NHEHESFRE
128175 SYP Bt DR E 2R et ag e r Lz
2, T E L BB OREM 27757 synapsin-1 B
b ACRBEIZX DIEMERLIZZ EMD, ZTOSYP
RS D 53T ACR 1T X - THHREE NI presynaptic
terminal DFALTH D LE X bhiz, ZONHiX ACR
BUMEE & BB L THERI WL OM, ALA SEAIZY
D ETOUEEREFED (Table 5,Fig. 5). MEX D,
ACR FREREEICE LT, TRV TIZH
LRETIIRN L OO0, KIEERIZRV T ALA §
FIZ X VIR B AR TREN R b, TP KU PEITC {35
THMAHRBMERRD bhk,

ACR R EIZ X O BEEAE TOR L EHROBEA
HFRENIERD b, TOREY, ACR Bz~
ACR+ALA, ACRAPEITC B EEETHLMZTEhroTt
(Table 4, Fig. 6), FEREEHRIIZ X > T HBEHBOTED 5
BT LIY ALA 72V L PEITC QAT %55

L7z (Table5), F7z, ACR BE5REETHE HATART
ORERTRE PR b, TOREIL, ACR BticH~,
ACR+ALA, ACR+TP, ACR+DAS, ACR+PEITC #r4.5%
T LAZ§SA>o 72 (Table 4, Fig. 6), LA EDEEND,
ACR IZ L 2¥EHREEIIS LTI, PEITC & & b2 ALA
PRORITIRL OB RLEIHIT I EBHLME

feoir,

KT, PRRUEHERICROTHREMUERBEE
BEOREREEIT o T H, CAT IELER, ACR
BET/INIED Purkinje Ml & B = o —w v, #5 - ZERE
KEETH=a—u YOMERICETORME 2R L
2, ALABSBRCIUMNN= 2 —n  CORRER 2R
0, EXHERPAWEEDO= 2 —a b EARERT
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FIAERD Bz (Table 6), TP A TH/ =2 —n
v OEPEROHEEE Y, £ - TS THHEBRMER YR
L7z, DAS SEAIB T CAT =X = o —n T
BMETRL, 15 K=o —n U TLEDEREEDL,
PEITC R TIRAMEH, M, =XHgD=a—
v G CAT [BHESAEARV LHBIL, 5 - iii==a
—u U THEEOEREZR L, TRX iIma—m
TAMudA FOMIRE, ) IT FutA o
MO TFEL, ACREEIZE Y, XMEHE, IRk
¥, 15 B CRROEEREEYD, ALA OHRIZL Y,
SN HRAE CREIE ST I SR % /) L7 (Table 6, Fig.
7. TP HHREETIZEe LA/NH, 15 - JLEE T ACR BULRE
W AT RSS2 R Lz, DAS 722\ L PEITC
BEAEE TiX ACR BIREE L HBE L TRX OB
IR EENIERD e ofz, 2B, TRX Ofefi
TRV A CHERIZ 381 % Western blotting 21T -7
R, BRD 12kDa OBEE LT TR Y AFF AR
mENT, TOREEICHENAE T (Fig.8). GCSiX
Za—urOMBEE, TARadA O LMY,
AV IF v FadA FOMBURICIFEL, EBOEER
L ACREFTIBHATRICH O REEZBD R -2 b D
@, ALA {FEED/ N Purkinje B8, HRREZ T
B85 &R Lz (Table 6, Fig. 9), b0 B REECIIiGE
HIZIA LR EH LR o1,

FRTO ACR ERFEEIZT S ALA 72V L PEITC
X ARHBIEHERMNT2EMT, FRLHEETOR
BEZRTERN LIFE, CYP2E (35T TSNS
WA LI, BECREBERIIREEBALUT Th-oT,
FERUZ W T, Z OBERIEEORENZEEAN T
% DAS & PEITC DR Bz X 0 BB 2R L,
ACR BHIZ X > THHEBRBP 2R L (Fig. 10), ACR
OB TCIIACRBHTH L, TP HEHITETOH
%337z, GCS IXETIHET TP 72V L DAS B 55
TrRBH LB LT 2R LT2AS, ACR 22V L ACR
BERABREGRETIXA B RER R RS dof, GCS X
M CIREEMEREIC X VAL RBREH L2 RS
phrolc, HO-V LA, MR CHERMBERERL,
FHRZIC 3V VT ALA B E 5O T upregulation 7R L
Teds, HORETORE, HAIWIILTOROKEILE
WCH B AR RREE S REhofz, CAT X, B

KRWTELBEH BT ORI 2R LSS,
B ERO 5 5, DAS, PEITC B TIISmM 5250
7z (Fig. 10)y ACRTEITE > THHEBIRL L, 1b2t
VEOHRICL DV EOREREE L, 7L, &5
HHIREARBRILGRD o7z, BRIZBOLTY
CAT ISR 2R Lz 08, PEITC BBz k-
TEOFHBRIIEDZ2RL, ACR ZHBE LA TLR
B 27~ Uiz, TRX (12kDa)l APz 3V v CIRAL B Y
THRAISEELE L, PEITC B CIiinBEt L mas L
N TholcbD®, ALA, TP, DAS BEE TR L A%
HHMER L7z (Fig. 10), ACR ¥ 51T L » T TRX 11%
B\ 2R LTS, TP 2 U PEITC O CET3E
OHFEE DT, BEITBWTIY, TRX iMEHEBRIL
TFCholz,

C- 2. RUNMSOREIER (E%2)
KENIRIT O ACR R EEH TOHKRIIERT
ACR BUMEAIC B L THBREBI 2R & e ot
(Table 7), EEREIFPOEEOHRS & LT, ELBEEEC
8., Sodium alginate, Glucomannan, Fibersol, Chitin B
EETIIEEN 238072572 b DD, Chlorophyllin T
1 BB X viEEm%E R L, $72, ACR #8517
HREI3BWAPLRALMIEMER L, £, ACR
B HERETO gait score VIR LR 2 3ED T,
R OB Lz 2 a7 O E Tz (Table 8).
KRR %8 CTORERIXACREEOEHTH b
SV HEmER L, ACR B, ACR+Sodium alginate
#, ACR+Glucomannan ¥, ACR+Fibersol #2 CHEIE
fE% 7~ L7z (Table9), ACR #5E¥ T ACR IR RI3ZE
I CH bARER BN T, iz, B#AEIT ACR
REOEFHTHLMIEPER Ui, T, HE, 5
B EEOBHERD 5 b ER I X W BihE T
LIc b DIIFEEDHT, ACR B, ACR+Sodium alginate
£, ACR+Glucomannan ¥, ACR+Fibersol ££, ACR+Chitin
HTERICREERR L (Table9), WEMEES MR
KLY, MEEITIEL ACRBSDOEHTED LR,
BB RN, =X ganglion  cells O FIME
CHRME, B LEMIaOZ - ik, B8 SR~
ORIRIFRE DRI, ACRBREEHTLOREBER
UBEEIZEZ B0 o (Table 10), [RIERICFEREEHE



OFER, L FHROREEE, iR, 83
pm AT OFER LR TR, BRTOEMSE - B
VR R TRHEOR AMHEESIFRICRITSEE R
SYPEEMAEIEIZ ACRIR EDEHETE ORI S zs
Ehienotr (Table 11),

D. £8

SEDHEBAIEOREIZLY, ACRIZE2HKEE
ik, ALAI X DR bM<l Eh, TPEPEITCIZE
STHESRICIHISNDZ Z L2 RH L, FilfiE
H DV CONBLEAMEER EORER
RIZLY, ALAICEAHBICHTRXFR E T4
%, TPEPEITCTCRINVG FA ROV Ny 7 AHIE
BATELTND Z L3R Ehiess, TRXICBL T,
WO ESICERBE Lo, BRSO
RETHTETHS,

HBEEMITE LTI, ALA X PEITCTH & 172
EERLEES, R BECORHBLIVIELA
b UABERRORRICET S5 B E TORETIL,
Zh o DAY RBRIMRRIT R Ehaholz,
E 72, DASEPEITCHECYP2ENIZR L THRVEMREELE
Fobsaz b Tnaa, HSBERORSIZLY,
FRICBITACYREIORBE S bMHlshd Z L 4t
iz RHERE, TiZ, ACREIEIZ L - THATHD
CYREIDFEIAE < Mkl h i Z ki, ACREREIZK
LT, £ENTY YV F I FOEREIX HEHEE
HOMTELTWAREERAS TR S,

HEILENTOACROBEIER & #its LT RIS
chlorophyllinZz & Gt 5 21T o724, FINOBHETH
ACRFRMRIEL IUREEE 2 MR T& 2ol
b, HEERNTORYHME: EIT X SACRYIY
FREMEHIL, SRIOEREG T TIHEL TWARNEH]
wrahiz,

E. &%

ACR T & AEEEEEIZEA LU TIL, ALA, TR PEITC %
ESMICIIEISIRE AR T LB bR LY, Fop
T ALA DB AVWVEIER 278 Lie, SBREEICH L
TH, ALA %8 PEITC & RIERICERZ AN HER 235
ZERELNEROT,
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-1 0 4 wks
No. of animals | . |

10 Control (Basal diet)

5 ALA 0.2% in diet

5 TP 1% in diet

5 DAS 0.1% in diet

S PEITC 0.05% in diet

10 Basal diet ACR 0.02% in drinking water
10 ALA ACR + ALA

10 TP ACR +TP

10 DAS ACR +DAS

10 PEITC ACR + PEITC

Fig. 1.
Experimental design for chemoprevention by antioxidative
agents (Experiment 1).
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-1 0 4 wks

No. of animals | . _ |

10 Control (Basal diet)

5 Sodium alginate 2.5% in diet

5 Glucomannan5% in diet

5 Fibersol5% in diet

5 Chitin 2.5% in diet

5 Chlorophyllinl % in diet
10 Basal diet |  ACR 0.02% in drinking water
10 Sodium algiﬁate ACR + Sodium alginate
10 Glucomannan ACR +Glucomannan
10 Fibersol ACR +Fibersol
10 Chitin ACR + Chitin
10 Chlorophyllin ACR +Chlorophyllin

Fig. 2.

Experimental design for chemoprevention by dietary fibers
and other adsorbents (Experiment 2),

54



Table 1.

Time course of water consumption in ACR-treated groups

(Experiment 1).
Water consumption (ml/animal/day)
Treatment Week 1 Week 2 Week 3 Week 4
ACR 65.5+14.0" 453 39.8 40.2+0.9 409 +7.9
ACR+ALA 57.2418.7 393 4.0 39.6+8.4 364 +4.3
ACR+TP 52.543.0 43.8 3.8 40.4+7.1 33.9 5.7
ACRHDAS 73.7+4.1 49.4 H0.2 45.9 +9.3 42.7 +14.1
ACRHPEITC 64.5+8.2 42.1 +5.2 40.7+5.5 346 1.4
aMean-SD.
450 —— Control
—B—ALA
400 —0— TP
% —&—DAS
5350 -+ PEITC
2 —— ACR
& 300 —8— ACR+ALA
—— ACR+TP
250 —&— ACR+DAS
—%— ACRAPEITC
200
150

Fig. 3.
Body weight changes during the experiment (Experiment 1).
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Table 2.

Time course of gait score changes (Experiment 1).

No. of animals with each grade (grade 1/grade 2/grade 3/grade 4)?

Treatment Week 1 Week 2 Week 3 Week 4
No. of animals examined 10 10 10 10
Control 10/6/0/0 10/0/0/0 10/0/0/0 10/0/0/0

ACR 10/0/0/0 4/6/0/0 0/2/6/2 0/0/2/8
ACR+ALA 10/0/0/0 9/1/0/0 * 2/5/3/0 * 0/2/6/2 **
ACR+TP 10/0/0/0 5/5/0/0 0/6/1/3 0/1/6/3 *
ACR4DAS 10/0/0/0 6/4/0/0 0/3/7/0 0/0/3/7
ACR+PEITC 10/0/0/0 5/5/0/0 0/4/6/0 0/1/4/5

* The degree of abnormalities: Grade 1, normal gait; Grade 2, slightly abnormal (slight degrees of ataxia, hopping
gait, and foot splay}; Grade 3, moderately abnormal (moderate degrees of ataxia, foot splay, and limb abduction);
Grade 4, severely affected (inability to support the body weight as well as foot splay).
##Significantly different from the ACR alone group (*p<0.05, #p<0.01).

Table 3.

Intakes of food and ACR, and final body and relative organ

weights (Experiment 1).

Food intake ACR intake  Body weight Relative organ weights (g/100g body weight)

Treatment {g/rat/day) (mg/kg/day) (&) Liver Testes Epididymides
Control 217 #+0.7° 0 418.1 +30.6 3.75 +0.36 0,77 +0.06 0.24 +0.02
ALA 21.9 %15 0 381.9 +36.4 391 £0.19 0.84 +0.05 0.27 +0.03
TP 24.0 2.0 0 426.1 *>17.0 3.80 £020 0.74 009 0.25 +0.02
DAS 23.0 +0.5 0 414.6 *46.6 3.30 =0.26* 0.78 +0.15 0.26 +0.03
PEITC 225 +0.8 0 409.1 +£24.7 377 2029 079 x0.05  0.27 +0.02
ACR 19.7 £1.2 30.5 104 3428 +19.0** 3,75 023 0.96 *+0.09** 0.27 +0.02

ACR+ALA 202 1.5 27.8 8.7 3307 £353** 395 028 097 +0.11** 0.28 +0.04**
ACR+TP 212 3.0 261 £7.2 3558 +£41.9** 373 +0.19 0.86 +0.12 0.26 +0.03
ACR+DAS 215 x0.6 31.7 £11.9 3673 +34.7** 3.58 +0.22 0.89 =+0.08* 0.28 +0.03*

ACRHPEITC 207 02 27.7 £10.7 3589 £24.7** 3.67 £0.27 091 =+0.09** 0.28 =+0.02**
Mean 5D. *¥*Significantly different from the untreated controls (*p<0.03, *#p<0.01)
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Table 4.

Data for histopathological grading of the lesions developed in the
peripheral nerves and gonads (Experiment 1).

Organ/histopathological change Control ACR ACR+ALA ACR+TP ACR+DAS ACRAPEITC
No. of animals examined 10 10 10 10 10 10
Sciatic nerve (distal portion) R
Axonal degeneration (=5 /HA++4++) 10°(10/0/0/0)  10(0/2/4/4) ™" 10¢6/4/0/0) “** 10190/ " 10001455 10262/0) ™"
Trigeminal nerve
Chromatolysis of ganglion cells (/) 0 100010 100010 100 10019 100010
Testis

Exfoliation of germ cells {£/+4++4++)  10(9/10/0)  10(0/272/6) " 10(5/23/0) " 10@2/1/5/2)™  10(014/155) ™ 10(4/312/1) ™
Epididymis
Cell debris in the epididymal duct (£/44+) 16(100/0)  10277/1)"  10(7221) 110707275 § RN 1 < 111 RN 116,93 1 B

*Total number of animals with each finding. *, **: Significantly different from the untreated controls (*p<0.05, **p<0.01), *#*; Significantly different from the
ACR atone group (# p<0.05, ## p<0.01}.

Table 5.

Data for morphometry of the lesions developed in the nervous
and gonadal systems (Experiment 1).

Organ/histopathological change Control ACR ACR+ALA ACR+TP ACR+DAS  ACR4PEITC
Ne. of animals examined 10 0 10 10 10 10
Sciatic nerve (distal portion}
Density { /100 um?) v 151400027 1.2740.178" 149 40.19¥ 1462011 1274025 1.36 40,22
Degenerated axons (%) 1154039 % 5624157 19548.76"  2.5540.50" 48341307 3194.9°

Myelinated axons, <3 pm in diameter (%) 1871272 2837 43.50" 1988 13337 # 20210226""# 1317:232% 19.m 228"
Cerebellar cortex, molecular layver

SYP-immunoreactive aberrant dots LI0 £0.55% 660 £1.64°" 4.304.74 5.53 £2.50** 6.7742.36  68512.17%
(/mm cortex)

Testis
Degenerated tubules (%) 0,27 +0.12 #4 1.36 070" 0.47 H0.27# 0.81 Hh32** 1.09£067""  0.54H0.35%

8 Mean +SD. ¥, **; Significantly different from the untreated controls {*p<0.05, **p<0,01). ***: Significantly different from the ACR alone
group (¥ p<0.05, ## p<0.01}.
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Fig. 4. Histopathological changes in the sciatic and trigeminal
nerves (Experiment 1).
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