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Fig. 5.
Immunoreactivity of synaptophysin and synapsin-1 in the
cerebellar molecular layer (Experiment 1).
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Table 6.
Summary of immunohistochemistry results regarding antioxidant
systems in the central nervous system (Experiment 1),

Control  ACR ACR+ALA  ACR+TP ACR+DAS ACR+PEITC

No. of animals examined 35 5 5 5 5 5
 CAT
Cerebrum (-/£/4)
Neron (cytoplasm) 5/0/0 31210 230" 5/0/0 5/0/0 s’
Cerebellum (-/£/4/++)
Neuron ¢ (cytoplasm) 23/0/0 U400 0/0/05 T oo M o o/t/y3
Pons / medulla oblongata (-/+/+)
Neuron (cytoplasm) 1/4/6 3n 4/0/1 2/0/3 17173 1173
Trigeminal nerve (-/£/+)
Neuron {cytoplasm) 5/0/0 5/0/0 3/2/0 4/1/0 e anntt
TRX

Cerebrum (/X H/A+)
Neuron (cytoplasm), astrocyte {cytoplasm),

oligodendrocyte (nucleus) 5/0/0/0 21200 Lo 1310° 031" 0212
Cerebellum (/£ /+/++)

Neuron (cytaplasm), astrecyte {cytoplasm), us .
oligodendrocyte (nucleus) 1/3/1/0 0/1/4/0 0/0/2/3 ™ 1/3/1/0 0/3/2/0 0/3/1/1

Pons / medulla oblongata (-/+/4)
Newron (cytoplasm), astrocyte (cytoplasm),

eligodendrocyte (nucleus) 4/1/0 o050 131* 122 1/0/4
Trigeminal nerve (-/Z=/4)
Neuron (cytoplasm) 1/0/4 2/0/3 4/0/1 0/0/4° 0/0/3 © 0/0/4°
GCS

Cerebrum (-/+)

Neuron® (cytoplasm),

astrocyte (cytoplasm, nucleus),

cligedendrocyte (nucleus) in 3n 2/3 . 312 312 2/3
Cerebellum (£/4+H4+)

Neuron ¢ (cytoplasm),

astrocyte (cytoplasm, nucleus), e

oligodendrocyte {(nucleus) 0/5/0 0/5/0 0/1/4 ™ 1/4/0 2/3/0 2/3/0
Pons / medulla eblongata (-/+)

Neuron ¢ {cytoplasm),
astrecyte {cytoplasm, nucleus),

aligodendrocyte (nucleus) /5 1/4 0/5 0/5 1/4 1/4
Trigeminal nerve (-+)
Neuron (cytoplasm, nucleus) 0/5 0/5 0/5 7 0/5 0/4° 0/5

4There were no changes in the immunoreactivity of HO-1, CuZn SOD, Mn SOD and EC SOD between the
control, ACR alone and ACR+chemical groups.

n=4.

‘n=3.

dpositive in Purkinge cells and dentate nucleus neurons.

*Positive in dentate nucleus neurons,

+**Significantly different from the untreated controls (*p<0.05, *#p<0.01).

##Gignificantly different from the ACR alone group (#p<0.05, ##p<0.01).

$33Significantly different from the corresponding chemical-alone group (data not shown ; $p<0.05, $%p<0.01).
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Immunoreactivity of thioredoxin in the cerebellar dentate

nucleus (Experiment 1).
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Specificity analysis of the thioredoxin-immunoreactivity in
the liver and testis (Experiment 1).
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Bar=100 um

Fig. 9.
Immunoreactivity of y-glutamylcysteine synthase in the
pontine tegmentum (Experiment 1).
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Table 7.
Time course of water consumption in ACR-treated groups
(Experiment 2).

Water consumption (ml/animal/day)

Treatment Week 1 Week 2 Week 3 Week 4
ACR 308 £1.6° 383 +1.2 311 +1.5 24.8 +2.7
ACR+Sodium alginate 32.9 +6.8 36.7 5.6 294 +49 21.7 #1.1
ACR+Glucomannan 30.6 5.7 33.8 +9.6 265 +2.4 224 +1.1
ACR+Fibersol 28.7 +1.3 352 #7.1 30.2 +2.7 24.1 +2.2
ACR+Chitin 295 +29 41.0 +6.3 31.5 =34 25.0 +1.1
ACR+Chlorophyllin 328 +2.8 37.6 *£3.6 31.6 +=3.0 258 *+14
Mean-+tSD.
4501
400 e
5 R
|=)]
=350 K ——Control
© —0— Sodium alginate
g —= Glucomannan
%300 —&— Fibersol
3 % Chitin
2 Chlorophyllin
250 —— ACR
—®—~ ACR+Sodium alginate
—-= ACR+Glucomannan
200 —— ACR+Fibersol
—*— ACR+Chitin
150 % ACR+Chlorophyllin
-1 0 1 2 4
Week
Fig. 11.

Body weight changes during the experiment (Experiment 2).
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Table 8.

Time course of gait score changes (Experiment 2).

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

Week 1 Week 2 Week 3 Week 4
No. of animals examined 10 10 10 10

Control 10/0/0/0 10/0/0/0 10/0/0/0 10/0/0/0
ACR 10/0/0/0 2/8/0/0 0/5/4/1 0/0/4/6
ACR+Sodium alginate 10/0/0/0 2/8/0/0 0/6/3/1 0/0/4/6
ACR+Glucomannan 10/0/0/0 0/10/0/0 0/0/10/0 0/0/4/6
ACR+Fibersol 10/0/0/0 0/10/0/0 0/0/9/1 0/0/0/10
ACR+Chitin 10/0/0/0 0/9/1/0 0/2/6/2 0/0/3/7
ACR+Chlorophyllin 10/0/0/0 1/9/0/0 0/2/8/0 0/0/2/8

*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).

Table 9.

Intakes of food and ACR, and final body and relative organ
weights (Experiment 2).

Food intake ACR intake Body weight Relative organ weights (g/100g body weight)
Treatment (g/rat/day) (mg/kg/day) (g) Liver Testes Epididymides
Control 234 12 5° 0 363.9 £25.6 3.75 +0.13  0.88 H0.06 027 0.02
Sodium alginate 242 87 0 349.3 292 391 +0.27  0.89 H0.07 0.28 +0.02
Glucomannan 24,7 3.0 ¢ 378.5 224 3.98 H0.14  0.91 +H0.09 0.28 +0.03
Fibersol 227824 ¢ 361.4 £30.6 3.68 +0.32  0.74 H0.28 0.25 +0.08
Chitin 21.6 H.9 0 347.5 £252 3.65 #0.13  0.91 H0.09 0.28 40.02
Chlorophylin 243 2.7 0 389.4 *+17.6 3.45 +0.06 0.84 H0.09 0.26 +0.01
ACR 18.8 H.3% 192 .7 307.6 £32.5% 3.69 2028 1.03 H0.13%* 0.27 H).04
ACR+Sodium alginate 18,9 H.4* 179 454 2856 +32.5** 3.64 +0.17 1.06 +0.08** 0.28 +0.03
ACR+Glucomannan 18.6 H.0*¥ 17.2 4.7 2953 X17.3*%¢ 374 2020 1.05 H0.07** (.29 +0.02
ACR+Fiberso! 18.8 H.4* 184 4.0 3122 :29.6** 3.60 0.25 099 .11+ 027 +H.04
ACR+Chitin 213129 179 4.8  308.8 £30.6** 3.61 £0.31 1.01 H0.14* 0.28 H.04
ACR+Chlorophyllin 210 H.6 21.1 H.0 3078 £35.1** 358 +0.23 (.98 .10 0.28 30.03

aMean=+SD. ***Sjgnificantly different from the untreated controls (*p<0.03, **p<0.01)
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~ Table 10. Data for histopathological grading of the lesions
developed in the peripheral nerves and gonads (Experiment 2).

ACR ACR ACR ACR ACR
Conrtrol ACR .
Organ/histopathologicat change +8A +GM +FS +Chitin +CP
No. of animals examined 10 10 10 10 10 10 14
Sciatic nerve (distal portion)
Axonal degeneration (X/+/4++H+) 10 2(10/0/0/0) 10(0/1/4/S)v+ 10(0/1/3/6)x+ 10(0/1/4/5)*» 10(0/0/4/6)++ 10(0/0/6/4p+ 10(0/1/4/5)*+
Trigeminal nerve ]
Chromatolysis of ganglion cells (£ /4+/4+) 0 {0010+« 10(0/3/7)s+  10{0/2/8)%+  10(0/3/Tye*  10(0/3/T)sx  10(0/1/9)s»

Testis

_ Exfoliation of germ celis (£ /+/4++i++)  10(10/0/0/0)  LOM/L/5/4)s% 10(0/2/7/1)x+ 10(0/3/6/1)++ 10(0/0/4/6)%» 10(0/2/3/Sp% 10(0/3/5/2)s+
Epididymis

Cell debris in the epididymal duet (£/+/4++) 10(10/0/0)  10(0/2/8)x+  10(0/4/6)»+  10(0/4/6)+x  10(0/2/8)+  10(0/3/Tyxx  10(0/4/6)++

*Total number of animals with each finding. ***Significantly different from the untreated controls (*p<0.05, **p<0.01).

Table 11. Data for morphometry of the lesions developed in the
nervous and gonadal systems (Experiment 2).

ACR
ACR ACR
Organ/histopathologieal change Control ACR +Sodium c . c ACR ACR
. +GM +Fibersol +Chitin  +Chlorophy!
alginate
No. of animals examined 10 10 10 10 10 10 10
Sciatic nerve {distal portion)
Density { /100 pmz) 174022 15,2 1.7 402 16 4.1 1.8 4.1 1.740.2 1.7 483
Degenerated axons (%) 1.814#0.6 67H2* 53820 82 21* 7981 $3426* T2 H.6*

Myelinated axons, < 3um in diameter (%) 11.922.8 211 H.0** 198424 189 2.4** 215 43.2** 18.5-28* 22484

Testis
Degenerated tubules (%) 0342 2840.9* 1846 43 F6* 34 HO0* 2746 28 .5+
No. of animals examined 5 5 5 5 5 5 5

Cerebellar cortex, molecular layer

Synaptophysin-immunoreactive dots 0.110.0 5084 4940™ 5189 59H3I*™ 5549 564.6*"
{ /mm cortex)

*Mean=£SD. ***Significantly different from the untreated controls (*p<0.05, **p<0.01).
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E4A5EFRFEHERGNE (REOR M EHEENEFE)
SHREFEERE#

T2 INT I FORBAETRNCE T 5 ZRIOBIE

SBRFSEE

BREE

S BR EEESROLFENER REN F=ZER

AT, TZ7IATI FAADEXAEEZIHT2HELZRHETI L2y, MBI
ZXORBAY A7 ZBHMSEIFELEROICHITIZ L2 BME T2, SEED,
SD %t 7 v MIILIRREME TH D Moethyl-Mnitrosourea (MNJ)TA =z —3 3 V4L
L7, AA % 40ppm BE THOKEET 5 LEIRRC, $BRML, CyplAZ HEERO LS
1-0hexyl-2,3,5-trimethylhydroquinone (HTHQ), MEREEA D35 5 a-Tocopherol, Cyp2El
A%, & IHaERELEMADD S Phenethyl isothiocyanate(PEITC) 3 AV ik AA DRI {E
&M% Lic Chlorophyllin % 39:BRREER 5T 5 Z Ltk Y, RERYEO A HLBR
BT 2MRETIREZRIT LI, TORE, MU & A DRERE Uizx BEEZE L PEITC
BITBWTHRBEORAERE, RAERRUCEKEATEREIZ(pO.0)ETHAIWVIMETHR 25
U, A DILRSERANTHT B MEIRARE NI,

A BB

A ZZ < FLRAHDEEL, g5 L
DOMEGRBIZE DT Z VAT 2 FARBERR
Eh, ELNMIERPIZESEND Z LBRRE
h, BVREE2FLEETE4 ONMLTAMLIZOWN
TEDZHERPAETEINE, TOERE, EBAO
TR T A D & B 3544 ng/g @ AL 23k
ZN 7 (Takatsuki, Maitani et al., 2003),
M OFEME LT, b MTIIARREE, KRB
IR, RN, BREERUENA
BRI, FTHREGEELE D BHBALD
b b~DY R HBBESIND, AL ORBALE
IZoWTHE, Z#HET Sencar v 7 AH D Wit
A/] =T RILBITEFRUMICHT S8R
AAE (Bull et al,, 1984) DiEd, F344 T o
MIBITD 2 FHSKEEIZ L 3B8BAER
iV T, HAR, BRED D WIXERSESD
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BZIZLH L LIsEBamict LTRESA
HERTZ L ARESRTVWS (Johnson et
al., 1986; Friedman et al., 1995), LA L,
AN DENPAMEZINHT D HFBITONTIRE
|EEN T2, BT, FEEHRELE
MEZ » MZ MNU TAf = z—2 g VLB LT
% AL % 40ppn JREE TEOKER 572 M OHIRE
HBBAETNVERNT, BANRILIRIENA
DB ERHTZLiI2L Y, A EBRIZES
BBAY R R EEI D HFELERNICRE
TR EERMNET S,

B.#EHE

M SD F o - 100 MLz, FLARR URRIRZ
LD DEB[ICBBAZHELZFRT
Nmethyl-Mnitrosourea (MNU)% 50 mg/kg {4
HOMBETHEEENES LR T v M2 5



Bz, WU S 1 EME LY A % 40ppn
BETHARE L], M OBRERMEE L HIZ
HBRYE L LT 1-0hexyl-2,3,5-trimethyl -
hydroquinene (HTHQ) 0.5% (18 B X v
0.25%), « -Tocopherol (Tocopherol) 1%,
Phenethyl isothiocyanate (PEITC) 0.05%d% 5
¥ 12 Chlorophyllin,
(Chlorophyllin) 1%% ¥k EBEfRE (CRF-1)iT
RBUT4HEBETHRE Lz, W-MAEB 21T
WHBRS OB R 5 TR AR & L7 (Fig.
1), ERHMED, FERCEERELE 1 EE
Lz, S 14 EABETELE, DI#EREETH
BILLVIBRERBORERAELZB|BEL T/ ¥
AT EDORES(FLTX I IXBH ) ERE
L7, &5 R%TH®RIZ, =—F VIRRETIZ
TEW 2 MERR Lz, FRiTB Wik H R #,
BETHRE/|TEE L McBEBLTRES:, F
g, B, PRIBIZOWTHRBHEERZAIE
Lic, &bihfi, B, FERL, BOlR, Mg, Mk
UHIRAIEE AL 21 U, WEREREARE
ZfTolc. 2B, MZRUTIRRICRAIE LIE
HEB)OKES LY, RONIT L VIEEEZG
Bl
FER=( X (R IIX(FES)X = /6

Wt BERULREZEORERK,
IZDWTIFRTEDH, Student 3 5V MZ Welch
D t $RIE %, FLARMEE R OSSR DR EAERRET
ROFBAEBEIZ-DVTIE Fisher O HIRESRR
R A,

(fREmE ~DEE)
AR BT DB ERE, [EXEXAE
snfi AR FEET B R ERITBE 3 D a8 1T,
B OEEICHFLRERBLTIT27.

sodium copper salt

C.HFErER

FETERITB U TRl BEE T 2047 54, HTHQ
T 24, Tocopherol BT 34, PEITCEET4
#1, Chlorophyllin T 1 FIOBPIFEL/ThE
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BRBH LN (Table 1), EREEIITLAR
FEBPLOHIMEFRIZE D Bifl, —fIREED
B Th-ol, HFEIZOVTIL HIHQ B CER
BA%E 5 0 B AR B 72 (p<0. 05 £721% 0.01)fk
BEIEIIMFEIAER® bhiz 2 & BRI 18
EEHPOREBES 0.5 55 0.25%ITERL
Te, TOFFR, EREEREZRLT22EB XY
BRERTRE CHREMEOEEZIWE L &
AR EIZ BV T FREE & K~ Tocopherol Ef
THEREME R L(Table 1, Fig.2), 18
AREBIZEHLTIZ AR5 ZE L TEEOZE
ALY, AA OFEREIIWThORIZRW
T 5ng/ke/day BE T -7z (Table 2),
T EIZ-2V T it Tocopherol B CRIBREIZH:
AHEIN U7 3, MR OFETIX & e B kidimd
bhighole, BHOBERYBEOTRERD
HTHQ-194. 9, Tocopherol-624.6, PEITC-28.5,
Chlorophyllin-567.5 mg/kg/day T H - 7=
(Table 2), §# E B IZ->\W Tk PEITC,
Chlorophyllin BEIZISVNTRIERE & L~ THF
BOEERE LI EESFEIZ(p<0. 05,
0.0 Uiz, ERPEITC HORRBEER
A3E BT (p<0. 05) 380 L7z (Table 1),

RRET X 5 AR BB DR FFIBIZIT BN T,
PEITC BT R1T 2R AHER U 12-158 B
PREBRAMzELTES, 16 HEICREE
72 (p<0. 05) &M% R L7z, HTHQ BEizoWnW T
12-16 B HLUBERANZB L CREHER
JUEBMETEMZR U, izt EES
R bhigholz, FOMOBIZONTIIRAE
BARE, R ORBIZH 512 BT ED
bivieprotc (Fig. 3), MEBHESFHREIC
BWTIL, RBELZ ST 20 #h 13-17
Bl (65-85%) IZHIRERORLENRD b,
EOHETHOPREMOZIIED SR,
olc, RERIERORERIIMEHD 1.5+1.3
f8/7Z v Mizxt L, Tocopherol £ Cit 2.4+1. 6
8/ v b THER@EO.0)EmMRA LN



(Table 3), EEHEIZO>WTITREHED 11.1
+21. 4en’/fBIZ % L, PEITC BETiX 2.6
4, Tem? /8 & B Fi2 (p<0. 05) 34 L7z (Table 3),
FOMOBIZ OV TRBEREVEREIZHSL
PRELIIRD b olz,

FDMOEEEOHEEMIRE L LT, iFOH
BUR/FEERB IR O F A B E D X BB
HTHQ B CTHZEIT(p0. 0 ML, A8 R URE
Pt b B DBAFIAETE AR D FEAESHEE A PEITC ¥
THEIZ(p<0. 05, 0.01)# L7=(Table 4),
FOMOEEEICEE LT O A THE s DM
RENED OIS, WTFh b ERYEIZL S
RELEZOhDIEEFEOCELLIIFDLH
Iplroin,

D. E£%

A, SDRMET v MZ MNU TS =2 z—3%
g LB LTtk A BRI G5T D HLIRBEHIR
BAETNAERAWVT, A OREBAERICHT
DB E ORFEELRA T, Cyp2El FE,
BB E/EA 2 L2 PEITC Bz W, fil
BT X D ILIRER ORFFAIBER T, T ORAER
ERUSRD 12-16 8 HAGERBMZEmL T
EEERFRL, 16 BHICTERRIHIED L
hic, ¥ 7o R RMRE CRE SR
G OEEREEIIRS Ui, LEOREEMND,
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OF A, R LIEWER 2 H T 2 vTaEtEA
AENT, PIEMEER % &> Tocopherol BT
IR OEMICH S AR EEENEES
AOLH, REABRFRE CHERENLHED
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JEL, BEEED D WIEEENOREEZIT S
ZERHE IR TE Y (Thompson et al.,
2004), Tocopherol BHZIBII A BHEERUVGE
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VR BEREREICI VRS EDOSR
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