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AFB: Af latoxin B:

BCT : Beta-carotene : B -carotene
CCT = Crocetin

LCP Lycopene

PE : Plating efficiency

RPE : Relative plating efficiency
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HBE R (AMflatoxin-B) B C3H10T1 /248 4 & 40 B8 #k
MEMERINAMBEUH=EHPEEGHTEY (Carotenoid
derivatives-Crocetin, Lycopene® B -carotene) 7l
wl, MEHMNHOEEBE="ET4EYHINEA S H
= o

KpRAFEF, B ABAEEFZE T HEMANES
EHRHEFET, DBIMAO.5ueg/nl AFBK A EEED
Carotenoid derivatives@H — RIMEHE —~E MK, M
C3HIOT1/24B KRB FEAH 2 3 (Plating efficiency )1F
HMEE%EE, B8 HECarotenoid derivativesie il
Hl AFB.FEMK C3H10T1/2 MK EMEHAE, B, K
alkaline elutionMF &, BHE =M Carotenoid
derivativesHE # /D I AFB PRSI E£E BIDNAB E ZFH

EEHERERCarotenoid derivatives® &l AFB,
B C3H10T1/2Z M2 £ X DNA damage, £ fl ) AFB .= %
BFfEM, OfREBIMEAEZE A 2RRELE, MELZH Caro-
tenoid derivatives W M DNAMAFB N BRI MH R &
(repair system)@ ¥ P DNA damage, E{# DNA B9 Bk
18 hn gk 2> AFBLEE AE BY 4 B B



[nhibition of Carotenoid Derivatives
on Aflatoxin Bi-induced DNA Danage and
Cytotoxicity in Cultured CSH10TL/2 Cells

Abstract

Cytotoxicity and DNA damage of aflatoxin B
(AFB1) on C3H10T1/2 embryo cells was supressed by
3 carotenoid derivatives. Using the alkaline elu-
tion method,we found that the DNA damage of AFB:-
treated cells was inhibited by crocetin (CCT),Ly-
copene (LCP), and beta-carotene (BCT).

The decrease in the cellular DNA damage in-
duced by AFB: was dependent on the dose of caro-
tenoid derivatives. In the studies to investigate
the inhibition of AFBi-cytotoxicity, we observed
that the plating efficiency of C3H10T1/2 cells in
S-9 activation system was suppressed effectively
with carotenoid derivatives and those compounds
also can suppress the inhibition of DNA synthesis
.we suggest that the inhibitory effect of carote-
noid derivatives on the AFBi-cytotoxicity in C3
H10T1/2 cells might be due to the cells defense
mechanisms that reduced the DNA damage or enhanced
DNA repair systenm.
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TEHARBAREEZARENTEY (Retinoids) F H1 #l
AR ELA MPBEEZE (B -carotene) LB E RN HI B
7,12-dimethyl-benz(a)anthranceb EZ B EAL ZRIEE
, RRIIGEFEIBZRERE, MEBRTREBLEZHABR
d, BERSPWEGSZIHEELEZ2BEZHRERME, #H
ZARetinoids K B -caroteneZ MBHAMRSL, EHEHRE
MEZBISIEZSUHRBBFRAEENM , A EKRFEMD
BReto WIGAMADSDAAZEBEHETHEER (C3H10TL/2
cell line)FSBIEBER, oSN ZRBAEFEER
AEMRAEBEBEAEAZANGHE 2 HPBEZITEY (Carotenoid
derivatives : B -carotene,Lycopene,Crocetin¥®% )H &
MEZRBDEELAZHIESHERINMEE R MNIE, I L
BHEMAHESZTAEYZ/FRAKE,

=, BBBEATED (Carotenoid derivatives) BB
FrNERE

0 AL MIMEAE A BB IR BESI R RABH E S IE (
night blindness)”, Z#®&, FLEZEHYPTHRIZ
MEHEA Z AR (provitanin A-carotenoids)EHZYWHE,
FHEBEARA T Vitanin AN EEE X B retinal (the al-
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dehyde CzHz0, X=0), retinol (H-X-0H) X retinal
esters¥ ,All-trans-Retinol B A Z AT & K E LKA
X (Fig. ), ASFEYPREHFLEYWE BEBAEER
, B MBELSWREERUBSIEEERM., 4% A B
wEEFHEMNEALS B -carotene (Fig.1), KR EH'E 7 2
R E IR Bretinol REEEHR Bretinol 2B HITHEW (
# M BCarotenoids)o B -carotene HH ZF 1 MR ik &
(x=x ), ABETIEEBE OERENHE) THdioxy-
genaseB MM 2 nloeMIMEEZEA retinol. BTE
B -carotene R¥EEZEA retinol NERBHREZR DY
JEHENFEZ RN EEZNRERBHYRABRZHB
E 1% o

—EHREL,ER B Z HAnatural retinoids (
WMretinol esters,retinoic acid)FZXHELERATHY
2%, LI E R M HE % (epithelial cancer), B HESE
g  H B EE R OB B % IE (oral nucosa cancer
IZIERYY, AEROREFEELE, LBEPREN
WHEZAMERKERET B -carotened® B A & 7] BE B % fiF 38
EREZHREEREENOMEEECY, MESHYEE K
SR, B -carotene T AHIHI B 7,12-dinethylbenz
(a)anthrance (DMBA)FTES &SI &R E ", I H
HRNEHFEIBEWEBEFEBELFMHEOER"Y; Nornan
J.Tenple FANEBRERE inbred Swiss Webster (ICR)
mince &™MHA B -carotene Z @R (20meg/Keg diet),
HIBEBE MK HI 1,2-dimethylhydrazine (DMH) Fiss & &
HEBEZZBAAREELEE, MEABM B -carotene
ZH & (20mg/Keg diet) MHEREZELAMNBHE#HE 2 K
HE B 150-300g carrot/3,000Kcal), W ILiE H 4 5
AEFEBHANRABHZEZRAR":, M FEILEE PetoF
ATL1981F € i B -carotene ™ bABE K X SIZ iF 88 A K
Z



EHFZHRRZPFIFALZHEB Carotenoids , #
FTHEAHEEZRAEYESNLCE EEFREBEAZAGENRZ
- fTHEY, EUMFTIERZ B -carotene B EFHERA
WM Carotenoid, EVEFABEZHEHE, H
EH#EE A MRAMBE  Lycopene(Fig.1)# Carotenoids
PAREBEZRAEEZ M, Petayev ¥ B ETHD
HEHEEAHEHEREMBE L PEBAEZERY, £k
R E ( Gardenia Jjasminoides )T — EE WK Cro-
cetin (Fig.1), I"E I Carotenoids ZfT4AWYW ,% #H
HAERFSBR R, kEXBRRF2BZRME |, B
EZBH RBE R Crocetin BESIMBIZ R E R LRSI E
HEEELE CHENSIZEHBEZEBERNMEEF
HYY EMEttEREZEwERSEELENRITFEER

(19)
o

= KHEE (Mflatoxin B) BREAENA

MR EBE R (Aflatoxin Bis AFB) EZHEW
ERTOHNMAS —ERBOREWE™ BHBRTW
BIOMEAEERER EPEX BAEREAH
OB RERTEHEEMEMNEERERFERELEE
e ERZ—,



Swenson F A PHEHAFBE B 2 B E
WK, )5 H B AFB EAZ R R A, M TE
framfE e aT A ER BB DNA, rRNA HES S B9 AFB: ;
ZHEBEBE AFR, WEBES YU KEmME
8,9-dihydrodiol, Lin K% ABEHREGSHE S DNa M
~ guanine Bl AFB, & &, WS % guanine-AFB, 2 3k
B , BREEIREEANZDNA-AFE, HEY
(DNA-AFB: adduct) HEWAERZE LB F M4 T MUBE K
AT ELENELRAEDEY (Fig.2)o MHBZHEERL
REE B AFB FEMREHREIEREEFHER 2
MAINH S AFB.-8,9-epoxide , MAkARZENH Y
( electrophilic metabolite ) HIXE DNA Bk
Rk EM®RY (DNA adduct),Bt AFB:-DNA adduct
HRBEERBLOLERRE®, |

AMERFHIKE L AFB, 89 25 fF A o] 5t B 2
BER (W ras, myc gene) MG NBEBER (0
p53) REAFR @™, HFMATTEERE AFB, PTE &
ZDNA BB, ERHER HEEH,
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| FHERRKAY Z P BRetinoidsX B -carotene

HEEREFAMARESHENBELEE  HE HCarote-
noidfT EY 2GRN EBSESIENEERRENR
HIRDOWEZHR, ORGEEREHEER=EH
BESERHE HFBEBEERAFHRE A ZHEBE®
JAHNEEZERER - ERAYRNFEEWEZT2HENRFH
EBEE,

BERTF L RNE TR Retinoids 7E #iJE 1L KX i ¥
HMEZ/FEFHEZE XN CarotencidfTEW, BEERERD
£ Retinoids EERAMFEMREIIER®; £E#H L
BWEBTYET CarotenoidfiTEWERMKEI = M AF
O REELERAFEAEN Carotenoidfit £ W 7 1 #l
LM ABEESEHE,

KT AEEIEE (in vitro JLEBRE A KA
ZAEMS B -carotene (BCT), RARBEEAZE o BH
A Lycopene(LCP): Crocetin(CCT)Z AR HEME
ZHEEEZHBESHERINMEBEERZSEFNHER, Ik
R E=ZHRAYTEENYEHNHNEHNSZENEW
fE R #E,
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Aflatoxin B: (AFB:.) 8 H Moravek Biochenmicals
(City of Brea,CA.USA);: B -carotene(BCT),Lycopene
(LCP) ¥ B Sigma’” d; Minimal Essential Mediunm
(MEM) B H Gibco Company; methyl-"H-thymidine H&
H New England Nuclear (specific activity 6.7Ci/
n mole); Scintillation liquid B H Sigma 2 8o

—. AFB: & Carotenoid derivativesZ & #

% AFB KX Carotenoid derivatives (BCT,CCT,X
LCP) % BU® FRDMSOH , ¥ 2 Bl % AFB.(2mg/nl) ;i Car-
otenoid derivatives(400,40,4,0.4,0.04 mg/ml ),
HREROCHTE, FHKFZAREBAMEMEEZER
10018, BWI100u 1A EM Y, FAFBNEEN
FZmBRIIBEES0.5 «wl/nl MEM:Carotenoid deriva-
tives# 100, 10, 1, 0.1, 0.01 w« 1/ml MEM ( LCP%&
2.5, 1.0, 0.1 w«1/ml MEM),DMSOm ¥ IBEE &80.025%
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C3H10T1/24 M2 ¥k B B HAC3H mice embryo cell%
HMEEWMROEEEESERS, KEBF A ZC3H10
T1/2 cell¥37E8-15 022 fHl, B &FE It Eagle MEM¥ (KW &
10% B84 M , 100 IU/n]l pencillinkK 100 u 1/ml
streptomycin) , B EBFEHEITCKSH Co.2TEBBEF,
AR LB 0, MU Trypsin-EDTAR B A EFEHOZ B
F R

M, HlEEts K

(1) HEFJEScnA M (Nunc, Denmark) F ZC3H10
T1/2 cell line Mtrypsin-EDTARESEEH O
MERE, NMEMBSEEABHEEES500 cells/
ml MEM, HX0.5 ml (BP250 cells) M Apetri dish
PIEE2ANKR, WU 2 Carotenoid deri-
vatives ( BCT, CCTRLCP ) 100w 1A, (HIU
0.025% DMSOE S ), —EBEHMIRFZEB X
FEzZEBZE, BMAGTNEEE, BEEE7XK.

ZBBEREERE, DNHE BB (3:1, v/vERE
dMHE (EE10), BERBE®E, F% UAGiensa(5%)
Seth (BRI30'MUE), FEEEZKR, TEERARN
0.05cmBIcolonies®# H o
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7 8% C3H10T1/2 cel ITZHBM AN ZHELIIWT -
DADMSOMH Z T #H U % (plating efficiency, PE)&
100, BIASEYEIB  HEBEMEEE ( Relative
plating efficiency; RPE)#:
PE of compound treated

%RPE= —f———————— — — — — X 100%
: PE of DMSO control
HRPEAE /N, BIRTC3HIOTI/2 cel I REILEYWZ &
A K

B EME R, #IF Carotenoid derivatives ¥
C3H10T1/2/MBIE S MM £, B E M AAFB: (0.5u ]
/ml), REAEHEAEFAEZBFHEMNEE ZES LR
B (S-9 activation system) Z I 2 Bl #lE RPEIE o

(3) AN, ULy B & ZCarotenoid derivatives
BLAFB1ME BF 0 A 250 cells/dish™®, 24/ ZBB E
BEE, B ACarotenoid derivatives B&ETKX,
it B & Carotenoid derivatives =¥ YEM T C3H10
T1/2 cell Z RPEIE -

(4) S-9iE b F 8 = B

MNEBEHHREYWZLEBMRIE S WAroclor 12544
500mg/Ke?: A Sprague-Davleym R EHZEBEN, L
AKEBZBRIFRERRE UEBHELBESRE IR E
9,000 xgBE 1008 WELELE® HEMNR-80CUKFE
o ERRF UMW KE FA K103 &, 235 :35-9 1nl,
Mgcl:-Kel salts 0.2ml, 1M Glucose-6-phosphate
0.05ml, 0.1M NADP 0.4ml1,0.2M phosphate buffer
(pH 7.4)5m1 & =KRIK3.35nl, 5 & X 85 HL 250 w 10
Ao
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.. DNA damageZ #7
(1) 4K 3%

C3H10T1/2 cellit25cn A FEE, 20/ K&
MAO0.2uCi methyl-H-ThymidineX E 24/ N 1% ,
# % 3H-Thymidine, BMAFHOMEMESEE , 24/
RFmmALWwEEZ Carotenoid derivatives X

AFB: (0.5« 1/nl), ¥ %E 4-6 K, M Trypsin-
EDTAM  S2 4 i, 52200 ron FEEOD 104388, Bl X £
E®, MAlnl PBSEHHBAE, ER-70CE D48/
%O

(2) DNA damageZ & 1 7 %

2 x 10° cells/flask 24 MR Z® ,MMA0.2
#Ci *H-thymidine 24 /NI, B M A AFB: K carote-
noid derivatives BE I 24 /N ,DNA damage Z &
FHEKREBELmZIAFREBEHZ alkaline elution
method, A EMW Mok : @polyvinyl chloride fil-
ter &7 syringe filter holder £, TH# peri-
staltic pump (0.5ml/min), 5624 1 nl PBS H&
holder, BM A2 nl PBSK 6 mnl lysing solution
(2 2M NaCl, 0.02M EDTA, K 0.2% triton X-100
pH8.2)% , WM EBERM A, FsyringeWBE R F
#®, MA5 nl 1oM EDTA pH7.8, GieBHEMA13.5
ml Elution Solution(&0.02M TEAH, 0.02M EDTA,
pH12.2) BB IE W EEE, PL0.5 nl/ninZ BB E,

e &1.5n]MA13.5n] Scintillation liquid
(51000m] toluene &30% triton X-100, 0.4%
popX 0.01% popop) # Single strand DNA, M
Aloka LSC-900Pd ¥t &, HE B conld, FIB &
R L =REEZTLHIE, ~

- 12 -



1% membrane H AR IR, kP BIKBEAER K
, SGREXS c.c. Elution Solution (&0.02M TEAH
, 0.02M EDTA, pH12.2) IREB 1o EBKE 55—,
B M5nl Elution SolutioniR&E 18, Rk EIMH A 3%
10 c.c., W] c.c. WEMA 2 c.c. Elution
Solution, M A13.5n] Scintillation liquid-
332588 cmplHE
it HElution ratioZ @XM T :
(Eluted cmp) X9

Eluted cmpX 9+residue cmp X 30

7S C3HIO0T1/280BEDNAE S B 2 W

WEWHBEY MM (2X10° cells/nl) 0.1nl, BA

microtiter plate (96 wells, Nunc.) HEE24/I K&
, RHLE R DMSOZ Carotenoid derivativesd# fic ik &
ml&0.02ug, 0.2ug, 2.0uegh, BWI00u1R0.5ug
/ml1ZAFB:, 10u ]l MAEBEyellF, FHXRIEES AFB,
0.48 « g/ml, Carotenoid derivatives0.01, 0.1, 1.0
wg/ml, DMSO 0.25% K 10w 1ZS-9 fractiontk0.2c.c.
K lable °H-Thynidine, BE¥E6/ B, BABellco harves-
ter MM T Bellco glass filter strip £, MA
Scintillation liquid 3.5c.c. B2 5l #lconfH
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HIRERE M Carotenoid derivatives & 1 1] BE
HMmEnst, HEFMASELRREEEREE C3H10
T1/280E, ATRIREEL.0O weg/nl MM FZ Carotenoid
derivatives¥ C3H10T1/2H B A~ & B ik E ¥ (Tablel),
Wb E1. 0u g/nl2h T ZCarotenoid derivativesZ #f
FTHEHAFBEHZEE,

TR EBEEILRL (S-9 activation system) P, 0.5
weg/mnlZAFBEA WS H R (Table 2), BEH RS-0
mAEFH TH Zplating efficiency (PE:EH B E(H)
B2 % 2% (Tabl 3), BAR AFRB A B NGB A HMIEE
EEMIFH. BREEMUAEZCarotenoid derivatives
EEHEERAREE -~ RK—H#H%, HppE#HESFH MW,
H o1 piCrocetin(CCT) MR HIF., MEERE—HF,
b X AFB, B M BR CCTS, EE (BCT, LCP)¥ILbEE M 24
NRFEI R BEF (Table 3)o M L& RBETRRBCTAE
0.0lug/nIZEES, HfhMH#E (CCT, LCPYESTEAME
ZiREYS o] [ K AFB.H C3H10T1 /2B Z &M

AFBAUS E LR e HMWMINAEERENFH, RIBE
AIDNATERO E I FE T & Br Xk E B2 AYDNA, UG E A9 DNAT
ZFE BEBE T H PSR (Elution) ., #6387
¢ Carotenoiod derivatives (0.0lu g/ml-1.0u g/ml)
TERR MR AFBEH M DINAEEBEZR N, S REIRC3IHIO0
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C T1/2 KEDNAFES-9E L 2R B T M AFBE E# 76% (ES-9
CWEmAE TS 42%), HEEERKEZ Carotenoiod deriva-
tives M AFBEWE 6 R B TR 24700, BIDNAE & B @&
b, EI#iEluted®IDNABI D, AETEAS-9EILTIHEHE
#HE, HIEEAE 0.lue/nl-1.0ug/nl, HEAFBJHLE®E
pEH¥/ANE0.001-0.005, M Crocetin(CCT) 7 ES-9iE 1k
AT AEHEBE M (Table 4)o W Carotenoiod
derivatives® HE A #l Hl AFB. I BE DNARY BE /7 8¢ =2 18 M DNA
ZEHEH,

M AZERE Thymidine CH-thymidine) A DNAS & Y
ME, B°H-thynidine®#® A (incorporation)DNAKI £ &
B HHIDNAG A B B />, EAFBEF S-9T ES-9iF
fEFA T, HH-thynidineB® A ZLLETEHD, X
DNABY & B 32 BH (Table 5), H I MCarotenoid deriva-
tives?E10.0u ¢/nl B BI°H-thynidine®® A DNAMI 2 1% /10,
W4 RE TR Carotenoid derivatives® BA M 2D AFB. I &l
DNAE B 2 1FH o

IS RBEHBEEEZAEM Z B -carotene (BCT)
MEIAFB. B ZIFRHK /N, M A HEBEEZAGEY Z Lycopene
(LCP) R Crocetin(CCT)EBEMHE X,

- 15 -
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RN EERBETRAFB(0. 11 g/ml) 7ES-9WE 16 & 8
THEHMMINALBES S, BEHRECIHI0TI/2H B DNAE 4 13
EMERMHEEME3MCarotenoid derivatives (BCT,
LCP, CCT)HFHET, YEEBM P DINAZIEBEE, M AFB,
EEEzHBEENE, MAEHEEZANEE ZLCPRCCTHEEA
WMAEZANEHZBCTEREZMBIFR, xr# X SCaro-
tenoid derivativesMMBIFA G RNEEHILSHEERA,
MAHEMREERAZERA "M ELRAEFTENMEE
Mo

AT LM AN RetinoidsEMEALR I BEHEZ
fE g% K1 Carotenoid derivatives, EEBFERB
sERetinoids BEAMR AW SEHRBIIFRA® MEFZ
HWEBEM TP YIE R Carotenoid derivativesBI K E
HEH, AEEERAYWHEFENYDEENFHELAGE
HEE,

AFB AN & 6 16 % AFB -8, 9-epoxiedi® BADNATL B 45
5 HEABRFEENSESRE SHEELES SHDNARIBEZ
EEYIT(HBRXREBDZEZDINAEGHIER) , EEin vivo
Kin vitro I EE P B RN-hydroxy-2-acetylamino-
fluorene HIDNAEEBESE SR EEMINARIBNE E 2 F
T EERMOAR PR ERLAFBE EEC3H10T1/2
M B2, 35 B DNASZ 1B (A Alkaline elution®l ), bL#E 32
I8 o oK 12 Rl AU DNATT BE % 0k 2 B A b B M 88 55 6 1H AFB,
B BB CIN10TI/240 REDNABY & B 6 2> |, A M 25 5% AFB,
M e & M o 7£ A Carotenoid derivatives & I0kE FE

- 16 -



M EESHABERAFB S BB AUDNARIEE EMM T
DNABY & nk A THHROEZNE,

tiE L& ,BCT,CCTRLCPE =™ Carotenoid de-
rivatives BEHI &l AFB £ S-9iE b R & T 5/ #8019 4 fiz
B EMNGMEEE 2 %E%Carotenoid deri-
vativesl® /> AFB.SI #2 BIDNATS T (3% 1% M DNAMS i 75 )
LAEC3HI0T1 /240 BEDNAS BR 16 o, i ity #00 %1 AFB. 5 #E =
MR = M

- 17 -
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RS Ry’ N

All-trans Retinol

B -Carotene (BCT)

\ PN oy e = s

Lycopene  (LCP)

Hs Hs

Crocetin R=H (CCD

Fig.1 The structures of All-trans-retinol, B-carotene, Lycopene,
and Crocetin.
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Table.1 Effects of carotenoid derivatives on cytotoxicity in
cultured C3H10T1/2 cells.

“Treatment® Dose (ug/ml) Plating efficiency % RPEwx

Normal 29 = 3
DMSO 0.025% 28 =3 100
BCT 1.0 315 115
10.0 3+ 1° 11
100.0 0 % 0° 0
LCP 0.1 26 £ 6 95
1.0 21 £ 3@ 78
10.0 24 £ 6 86
CCT 1.0 : 24 £ 9 89
10.0 27 £ 2 99
100.0 6 £ 0° 0

Cells were seeded at 250 cells/dish and treated with
indicated concentration of carotenoid derivatives in
DMSO for 1 week.
Colonies of treatment
% of relative plating efficiency = X100%
Colonies of DMSO control

*%x mean X SD, values are the averages of triplicate determinations.

?p<0.05; *p<0.001; compared with DMSO control.

- 19 -



Table.2 Inhibitory effects of carotenoid derivatives on cytotoxicity
induced by AFB; in cultured C3H10T1/2 cells without $-9
activation systen.

Treatment  Dose(ug/ml) Plating efficiency YRPE:x
Normal 0 24 & Qe 08
DMSO 0.025% 25+4 100
AFB 0.5 24t4 84
AFB 1 plus:
BCT 0.01 21+4 85
0.1 21t4 85
1.0 2412 96
- LCP 0.001 27+1 110
0.01 200 81
0.1 28+5 114
CCT 0.01 2712 111
0.1 29+1 116
1.0 24£6 99

% Cells were seeded at 300 cells/dish and treated with 0.5u«g/ml AFB,
: and various concentration of carotenoid derivatives for 24 hrs.

%% See Table 1.

ek Mean £ SD, vlaues are the averages of triplicate determinations.
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Table 3. Inhibitory effects of continuous or discontinuous exposure of carotenoid derivatives

on cytotoxicity induced by AFB; in cultured C3H10T1/2 cells with 3-9 activation
systenm.

Carotenoid derivatives(24 hr) Carotenoid derivatives (lwk)
Treatment® Dose(u«g/ml)

colonies ¥RPE colonies %RPE

Normal 0 19 £ 1w 119 19 £1 119

DMSO 0.025% 16 £7 100 16 £7 100

AFB 4 0.5 0+1 2 0+1 2
AFB 1 plus:

BCT 0.01 0+ 0 0 6 £ 4 37

0.1 2 + 1 13 . 7 £ 3° 43

1.0 7 + 2° 44 12 £ 3 73

LCP 0.001 141 6 6 £ 4 39

0.01 6 £ 0° 38 10 £1 63

0.1 12 £ 3° 69 11 £ 3 69

CCT 0.01 10 + 2° 63 g £ 2° 52

0.1 12 £ 1° 72 11 +£1° 67

1.0 14 + 2° 88 13 £ 4° 83

Cells were seeded at 250 cells/dish and treated with AFB;and carotenoid derivatives for
24hr in DMS0(0.025%) with activation system, then removed AFB i .In continuous experiments,
carotenoid derivatives were added to culture and keep for one week.

ik Mean £ SD, n=3.
?p<0.02; ®p<0.01; p<0.001; compared with AFB,-treated group.
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Table.4 Protection of‘cérotenoid derivatives on AFBi-induced single
strand DNA breaks in cultured C3H10T1/2 cells.

% of DNA-elutedik

Treatment: Dose (#g/ml)
-(S-9) +(S-9)
Normal 0 6 £ 1 10 £ 2
DMSO 0.025% 12 £ 2 15 + 3
AFB, 0.5 2 ¥4 76 £ 8
AFB] plus
BCT 0.01 45 + 5 53 6
0.1 40 + 3 47 £ 6°
1.0 43 £ 7 32 £ 4°
LCP 0.001 4 £ 5 65 12
0.01 4 + 8 56 *+ 8°
0.1 40 £ 4 41 + 7°
CCT 0.01 5 *£ 6 51 + 7°
0.1 30+ 2° 47 £ 6°
1.0 19 £ 4° 32 £ 6°

% Cells were seeded 2X10° cells/flask for 24 hr. The DNA labelled
by adding 0.24 Ci 3H-thymidine for 24hr and non-radioactive
medium incubated for an additional 24hr then exposed to caro-
tenoid derivatives and AFB; for 24 hr. DNA damage assay by

eluted DNA

alkaine elution method.

x% % of DNA damage.eluted ratio =

X 100%

2p<0.005; Pp< 0.02; °p< 0.01;
group.

eluted DNA + residues DNA

compared with AFBl~treated
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Table 5. Increased effects of carotenoid derivatives on DNA synthesis by treatment
of AFB; in cultured C3H10T1/2 cell.

without S-9 with S-9
Treatment®  Dose(ug/ml) :
cpm % of AFB, cpm % of AFB,
Normal 24091132 - 2981£251
DMSO 0.025 % 2367155 - 28421201 -
AFB, 0.5 18881123 100 2318367 100
AFB;plus: | ‘
BCT 0.01 18231236 96 2368 1489 102
0.1 2115%107 112 24934290 107
1.0 2139+ 83° 113 26781127 116
LCP 0.001 1907+314° 101 23671128 102
0.1 20801185 110 27821511 119
1.0 21021302 111 28381344 123
CCT 0.01 2193%339 116 22461326 97
0.1 21291108 113 2615£510 112
1.0 2434+ 41° 129 2678176 116

% Cells were seeded 2X10% cells/well for 24 hr then 0.5ug/ml of AFBy, 0.01, 0.1,
1.0ug/ml of carotenoid derivatives, 0.01u«Ci *H-thymidine and S-9 with or without
were added to the culture and incubated for an additional 6 hr. DNA synthesis is
estimated by 2H-thymidine incorporation as described in materials and methods.
Values are the averages of triplicate determinations.

*p<0.05;  °p<0.01: °p<0.001; compared with AFB,-treated group.
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(AC) sGP
AFB:
AST

ALT
CDNB
GSH

GST

7 -GMNA
7 -GTase
. H&E.
OPT

T.Bili.

R ERE-$RH

Penta-acetyl geniposide

Aflatoxin B:

Alanine aminotransferase (GPT)

Asparate aminotransferase (GOT)
1-Chloro-2,3-dinitrobenzene

Glutathione

Glutathione S-transferase

Gamma-glutamyl acid-4-methoxy-8 -naphthlanide
Gamma-glutamyl transpeptidase(7” -GTase: ” -GT:GGT)
Hematoxylin and eosin

o-phthadialdehyde

Total Bilirubin
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B

IR LEEEEEFH ( Penta-acetyl geniposide; (AC)sGP ) ¥ =
B2 ( Aflatoxin BiiAFB: ) SlEBZEEMNSUHAIREZIEA;
MmE AR SIEEZ RIEHBIBRIERARA NG 8,

(AC) sGPTHC A B E R & = Rey = /NI, 7E LAE W 1 59 AFB: (2mg/
Ke body Weight),BUZEIR (AC) GPAUERINE N8 I AFBFT 51#E2E BT
B, 175 T Asparate aninotransferase (AST) , Alanine
aminotransferase (ALT), 7 -glutamyl transpeptidase (7 -GT)
RALPZ &MY AFE G RIRHASE L H , R nE B2 EEE
MENELEEZEMET, MIFEETGlutathione (GSH) Z & &R
TSGR (AC) GP=/INRFEk = R i BE M s TR R IR (AC) GP=RANE Y
Glutathione-S-transferase Zi&EME T BE, BE/R DA (AC) GPZ BE IR &
RAFB Sz ST EMILE B NHIRSE, RMAIE®R 2 WE,

LA (AC) GPTHSGERIE =K, BRI FEAFR:, (B AR5, ££8
AR 2% BIEEHR BHAFB P 518 ERTHES v ~GTase larger foci
I %% v -GTase smaller foci, "ARE B AFBRIPEGEEIE
Zi#&7Eliver carcinoma promotion PEERTI# (AC) GPRTHIH o
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The Effect on Penta-acetyl Geniposide on the
Rat Liver carcinogenesis-induced by Af latoxin-bi

Abstract

Penta-acetyl geniposide ( (AC)sGP) has potention effect on
the acute rat liver carcinogenesis-induced by AFB: ;but it can
~ supress the rat liver chronic carcinogenesis-induced by AFB..

After gastric intubation for (AC)sGP either 3 days of 3hr,
the rats were i.p. administration for AFB:, 24hr later the sa-
crificed rats were found liver cytotoxicity increasing extensi-
vely than the AFB: control group. And the serum enzymes:Alanine
aminotransferase (ALT), Asparate aminotransferase(AST), 7 -gluta-
myl transpeptidase(” -GTase) activities were remarkably increa-
sing. Either the groups pretreating (AC)sGP 3 days or 3hr then
i.p. AFB1, the Glutathione (GSH) concentrations in the livers
were reduced , and the Glutathione-S-transferase activity were
not increased to enhance the detoxicaction pathway . It means
that pretreating (AC)sGP 3 days or 3hr cannot supress the acute
liver toxicity-induced by AFB:, but enhance the toxicity.

On the chronic i.p. administration of AFB:1 8 weeks(5 days/
week), (AC)sGP pretreating 3 days then gastric intubation for 8
weeks (5 days/week) can supress the formation of 7 -GTase larger
foci induced by AFB.. (AC)sGP seems to supress liver carcino-
genesis on the liver carcinoma promotion stage-induced by AFB..
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2 W

g + (Gardenia Jjasminoids Ellis) & & E & (Rubi-
aceal )Y (Fig. 1), EFPHEBENR YT HE, BHPUWEF
XHm(EF. 25%), BREGEWHETF. BF. XE). B
HEWREGBET. EF. B5. EH)EE2FEL, BIR
EEHEHRXK. B, AIREERY, RMEMEAFEH, HILE
& FIEEHEBEEREZ2HMN, BFPETERDEERE
f8 ¥ & (Gardenin), #ALTEE (Crocin), k&L TE B (
Crocetin)., #& F H (Garderoside), EFHEF H (Geni-
poside), D-HEEZ (D-nmannitol)F. BMEFAHA R L&
Crocin¥f AFBiK dimethylnitrosaniness EZHEEBAEHA
REMEHAY, 53— E8EFH (Geniposide) & — T
iridoidglycoside, BFEMEERH, KEFERH*Y

MEBFEBREE>IBHESENREBZIERE,
BETHGOHMLTBUNTEXEXRIEERETFH (
Penta-acetyl geniposide; (AC)sGPZ#Hib&®W . 18
E TR (AC)GP ¥ HXAFB. BI# C3H10T1/2M i 2 &
FHEIERY;mMBHREMMIECS Gliona cell line
A AEREZERY, RIEARTETI L (AC)GP fEH M
BUEFNHEHEZSI BRI EHEMNEE, B
SHAFBSIESHHEHREEHEEM A, #ZH
MEFDEEZZZEE, FEPGSHE E2 RGSTEHE Z &
E, LESHBEEDH v -GTase fociZBEEF H @ K
MAUAREHFIEBEZ 8,

- 32 -



— RIBEEETFTHZHBERKE

& F H (Geniposide) BE T+ REF —FT&Enpkip, H
BIEFTHMREHEFHEAEENERBT W, EEFE
BERCY, BRFERSHELETFH (240 ng/ke) T HE
FRZEIRY (1.5 g/kg) HEEERERIMES.D. rat = K&,
W& ' o -naphthol glucuronosyltransferaseX Gluta-
thione S-transferase ZEWHEEFE M ", EH phase
I enzymeMarylhydrocarbohydrorylasefll 8 3 32 &,

H MR Geniposidez BB LIRIFZ/EH, mMEBEF
REPH EGeniposideBMEF AT HE XK E Z Acetylgeni-
poside, WIEFH M B & F+F Z i Penta-acetyl geni-
poside, HENFBEZT R REFEEEXRR, BB MU
Butanol R HOKR FEH ., /&, B Butanol EBRET &
BEAb, % UEthanol BE &, BT UEEEKEE L £
AfHacetyl groupZPenta-acetyl geniposideo R # &R
2 K Penta-acetyl geniposide ((AC)sGP)&# RFig.2

[e]
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N RZEEREFH A EHRE

KR EGAAMZ FEERERFRETFRE ZPen-
ta-acetyl geniposide ( (AC)sGP ) ¥ AFB.SI#C3H10
T1/28i BB 2EMLEMHERY;MBEYEC6 Gliona
cell BMEBEBMHBEMNAEAERAMBM2EEZD: B ,1C6 Gliona
cell transplantZ2 Z B K E Z tunorE & 2 7] DA #
(AC) 5GP FJT i1 #1 "',

= HBEEZRZAEBUR

AFB. %8 HHphase I enzyme (cytochrome P450 mo-
nooxygenase) Nl Z B B Aflatoxin B:-8,9-oxide,
MR BIDNABCRNAL Guanine 'N L E S & BRI DNA
adduct MBELHE Z MW, I AFB.-8,9-0oxide® H
albuminkt Z lysine residue BHEMEE EFHBEH
BZE®"Y, LinKFEA"EBHEEEIDNAAGuanine
BLAFB 45 & M o] 5 Bl guanine-AFB . Z B , 5 ¥ & f& 5
B iERE N Z DNA-AFB LB Y £ 2 7 A1 & 4 T bLBR /K B
AT EA B AEEY, MAFB-8,9-oxidel & £ H K
EDNAMERBREEZZETEERX L BAFBZIKRBEEY

(15)
Q

M, ZREBZZEH 8B AHBERR

AFB\Z ¥ 1 B I W AFB.-8,9-0oxide BIDNA, BG RNA,
EZEproteinBE &R AIHWHEREERHIE R TH



BLEESTHE S BRI, AFB.-8,9-oxide ™ At # IF B
ZME Z KM X MERAFB-8,9-oxide (EWEMAF
BM) " AFB-8,9-0xide MIREL glutathione (GSH)
conjugation, ¥ Hglutathione S-transferasef8JfFH
B of U3 % 8,9-dihydro-8-(S-glutathionyl)-9-hydro-
xyaflatoxinEE W M M EEBRIRBEH 5 """ (Fig.3)
Glutathione S-transferases(GSTs) & —Bf iso-
zynes, B FAENRII, BEff#iEglutathion (GSH) B
FBYWESS, MELEBEEYWE S IREE L BEN",
72 A IE (BHA, BHT, Oltipraz) BP gE ff & & B Bd
GSTsEME M Inmim#l AFB B BB W ZEE ™,

# . Gamma-glutamyl transpeptidase (7 -GTase) K
7 -GTase fociZ XM

1. 7 -GTaseZ T HE & i 3R B H

Gamma-glutamyl transpeptidase(” -GTase;GGT)Z
BRa% % (EC 2.3.2.2) HE# L » -glutanyl group
B&EHM peptide B L-amino acidl ., MEERFIK
v -glutany] peptides®’'oc B histochemical Kbio-
chemical HE T MUEHR » -GTase EEZ R EHERK I (fetal)
B liver parenchyma®P KEHH, MALEENZEE
N a5 A N o A S

2. 7 -GTase® & £ K K Hi

Fiala%kiﬂf%, B H—%hepatocarcinogenZ fFH
i induce miceXrat B GTasez &M, M H Epre-
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cancerB¥ s carcinomalF S5 & 88 &£ ', Kk » -GTase
A RIFAMHSZ S EH hepatocellular carcinona
TEYEREYY, TSRS ERESER
(transformation) Z &F flf “°°%,

3. Histochemistry £ 7 -GTase foci HIRZEH

MR #E Mbowa MR. S A (1975) X 88 IR & AFB.SO 1 g/
0.1m1DMSO2A gastric intubation 5 X% FWistar rat
(122K )MEMZ® ,fEhistochenistryBRR B IR AN
B hyperplastic fociNE Z MM ARED » -GTase ac-
tivity® ™, HMtE2ZMRULSEREYWEWR(a)P,7,
12-MBAE Z polycyelic aromatic hydrocarbons ,E(N-
Butyl-N-nitrosourea ZN-nitroso compounds¥ ¥ & {#
PP BB LBEDN » -GT positive foci ™o M %
liver cel | PB R HHEEME » -GTase fociWNME B
TEREBYBEZERHORE,

4.7 -GTase focify#p &l

Thomas W. F A (1987,1992) YA R IR £ H K F & #i
EARMECHEMBWEY1,2-dithiole-3-thione B
FEBILEEY o P inducet # 3 GSH pools B9 enzymes
(W NAD(P)H : quinoin reductase; epoxide hydrase:
glutathione S-transferase % ); i B o bA B K fF 4 it
WAFB S EEEZ v -GTase focifW# B XK/, AL
HZ2 EZ M HchenopreventorZ &Y HkZ 24 B FHIH
7 -GTase positive fociZ %A ,UHIHIIEESE B &
& o



h-E NCEZARFHERNEER
sl HE 2 BHA

gL

AEBAMARAYWHRE F (Gardenia Jjasminoids Ellis
IZREMBZRYWCEIERMBZXR B EREFH (AC)GP
UFEFABELCEHEEZR, 2BRBUBEBREENFERE
HAFBR ZH, BUKHZEEXEIAFB SN SEHIEH
ZR,(AC)GPHIESH 2 ¥, |

HREFPHLIEERD, WCrocetin, CrocinK
Geniposide I EE o] U &I HAFB IS ZIFEN, A
WEARMIIAERE (in vivo) B REE (AC)GP ¥ AFB.Z 5
@ Ul ZE R IDERE Z KGlutathione ZZ 2 XK
Glutathione S-transferase HHEZE 1,
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1.8 RE

Wistar strain HEH KRB & ( BB E 4 150-180¢H8E E)
BEHAERKREBREFYT DL, BPurina Lab Chow SER, =
KNSR H, BMESHAFX, SiHile £, 9FMFE
sy,

2. {6 E R E

AFB,GSH,HPOs,EDTA,OPT (o-Phthadialdehyde),
Tris,Sucrose,GSH,CDNB(1-Chloro-2,3-dinitrobenzene)
IR H Signa ZB AT, WIEESH R E S B Merck
2 H, Penta-acetyl geniposide ((AC)sGP) % A E Bk
ZEHRFEYRE PR HmSE ", :
.Y EM

(1) KhZBEREFHmEREZ NEE 5

X B E R H ((AC)GP) KR AFBIIHEEIL D

2 DMSO, 2 = RUKHFE,DMSO & IR E B 2%, AFB: IR E
5 2mg/keg Body VWeight, (AC)sGP ¥R FE % (2mg/kg, 5ne/Ke
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K 10ng/kg B.W.)o DMSOKAFB AT AKX SHEEH (i.p.
) ,(AO)GPREFEBEREFL,. EBEREEsTtH EHAFAX
MW T :Group I @normal, AFEMBEMSKX;: GrouplI &
BB 4 MR i.p. DMS0(2%)0.03ml: Group Il 58 4/N B
i.p. AFB: (2mg/kg B.W.) 0.03ml; Group VEEGRR
(AC)sGP (10mg/kg B.VW.) 270 K®BEY ; GroupV 2
(AC)sGP (2mg/kg B.V.) HERE 3DPF®B (BB 4DEKF)
i.p.AFB:(2mg/kg B.W.) : GroupVl HEEBE (AC)GP
(5mg/Kg B.W),58 4N i.p. AFB.(2meg/Keg B.W),FTH Z &
e i8I & 59 DMSOZK AFB, 24N RF 2 12 MK B, (BHERE
Fig.4)o

(2) RIBEERBFHAEEIRE 2

(AC)sGP K AFB I BB /D EDMSO, £ A = R K
 DMSOmR KR IBEHE 82y, TEILDNHE  EEWT :Group I
“Normal, AYEAET AT EE ¥ ;Group I IR E 3K 1.p.DUSO(2%)
; Group Kt 3K i.p. AFB.(2mg/Kg B.W): Group IV
BB 1. 2. 3 KRB FEERE (AC)sGP (10ng/Kg B.W) s
s GroupV B HE1. 2. 3 REAETRE (ACQ)(P2 & NE=
Ri.p.AFBi(2ng/Kg B.W)iGroupVIFRE 1. 2. 3 Ko 5l M
B E B R (AC)sGP (10mg/KeB. W), MLAEFEIRMER {.p.
AFB:(2mg/Kg B.W) AT ZEEB4RBH BEHEHRERC

Fig.5)o
4. HIEAB

MMEZRAHBEF AR RELESELE %S
MHDREZE R, 5 — HFHRFRESTGSHE 2 RGSTH =
i
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(1) Bratoth

UHIFWREZ B % = H 5 Aspartate aminotransfer-
ase (AST), Alanine aminotransferase (ALT), ALP,
v -Glutanyl transpeptidase(GGT) fFRSHHEMHZ S

PriefE,

(2) FHGSHE EZE &

MEl B E2EissinFEAZFEY, BT 180ne,
MA 0.67n]l 25% HP0:X 2.53m] phosphate-EDTA buffer
HEHSHEER, 10100,000 xg EBELD 30208 (4C), I
FREEWEIOE® R100u ]l OPTRE15 48 ( Roon
Temp.) @ # 6, Z % MHitachi Fluoresence Spectropho-
tometer (F2000) HMEWMEB K E A ex 350nm, WMHBE & A en
420nm I HIR 6. (HEH RFig.6)

(3) HrBEGSTHE M =z 8 F

GST(Glutathione S-transferase) &M Z #lE %R
BHabigFE AZHE", WIFBEO.8gMA3.2 nl Tris-
Sucrose buffer (pH7.5)UHEZEHEE®RIY 105,000 xg
BEATEEOLI0LE (4C) REBFE®HER20] MAL1.5012
2nM CDNB/WE & ¥ 1% (MLCDNBYEBGSTZ X E ), i 340nnik
& MBHE 0-1 nin, 1-2nin ZHGSTE D BEREZEE;
AOWEHREZBEE Qoul), HESEZ%, Winl
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i ® M A Protein-Assay Reagent( Bio-Rad Comp.)
AnlRE15D 8, U280nmE EREEBEZE 2, GST &
2zXR~EB B n nole/min/mg protein)®mo (G
a8 R Fig.7)o

S



o
>

B EPHEERERE ZWAlanine aninotrans-
ferase (ALT), Asparate aminotransferase (AST), 7 -
glutamyl transpeptidase (7 -GT) X ALPZ @l & , 3R
EUE M &2 AFB, 2ng/Keg BEEFEME Vistar
mAANBE 24/ ER, MEPHIDEEZRESIENS
(Tablel,Tabled) BRI HBEZINEEMNRTFFIERE
MEMGBP , E/RME T ALT,AST,ALPR » GTE & B A
Ho MUIKZEER FH ((AC)GP) A & H Jo k& 1 3/ BF 54
IRZZ& ,AMEFALTAST, RALPB EBEZFENE
MRSk HAESEMEESEE (Table 1 ,Table 4 ),k
HE (AC)GPHFTLEEINMKFE AMEH E 2 (AC)SGP
(10mg/Ke) 8H B 58 % BE 2 (p<0.001) (Table 1)o MAEEH
PEHIEE DMSO) R (AC)GPEH EEBEGEBRARYE,
SR EEHEHZELSNAETFENE.

E— W ET (AC)GPHAFBEEZEZIFH
, A 10mg/Kg2Z (AC)sGPAS 5@ 7 5% BE 1 37N B¥ (Table 2.) 8K
3K (Table 5.)HE R EFGSHA T BF ,HPEF (AC)GPHI
BZARBMART;: ULAC)GPEE & (10nk/Keg) B ¥ IE 1

- MBI FEE mlE R A (AC)GP AT BE HE 3/ B B B P GST

ZEMHRARZEZ (Table 3), MAI = K FH & (AC)GP
(10mg/kg) BE B SE B IF F GSTE R 2 8 E (Table 6)
JEATR DA (AC) sGPEE M Z Z R B N AFB B Rk 2 P &E M I 17

AHESR RMmAHEEZLE, |
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EEUNLSER BARHEGEEINRKHIRZ (AC)GP
HRAFB A EESHUTFBE TS EE 2 %E, HH AR,
88 Zphasell enzymeBH T ZEBME ,{H (AC)GPEX & ¥
RIFRIEBRAEHEELE,
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I

APARBEEHRETFIPNFHIRAFTERRIXS
BMALEEREFH ((AQ)GP) B ESAFBL AR FRKR R
MEZAERZHFEE RMEREENFSEHEZIEE, A
G 2L (AC)sGPER & K ik 8T AFB. F & B & , ML & F ALT, AST,
ALPEMBHE EH, EUE —ME06 AFB, BEHZEIR,
EEFEPSHICEES N, FLHRLIEEEIEAFRZ
LCHENEYWERIEENRF GSHEE LAY, EREE
SEREH M (AC)GPEIEIFGSHE LM TIE, K S
HeSHEERIFRH S5 Rk FP —FTEZERD -
Geniposide X B & H#GSH < FAMERA", EHEKL
HEBRE (AC)GPHE S AFBBRGSHEZ EHALLERGE
B AFBMH &S &K ,EBE (AC)GPZHEA EMGSHEEHA B
R IR FEE HFEGSHE & (Table 2.,Tableb)
HRAFBEENREBIFAEEHGTZIFHEGHE S
A MG T BE HE (AC)GP= B & 5 1 87 AFB & A % GST
o B, SRR AR MY N W B GSHE & KR E K
AFB Bl 2 =M BT AP ZGSHE FE (AC)GPRIE =
AEemBEHSZBE,

HRAO)CPERBYPHEEBENES A A6 2B
B (acetyl group), AKX B MR JHERENFZ
acetyl group, MBI R W Coenzyne AZ & & D0 5 5 B
ZEK(Fig.8):A o AR N BEWE T & HaSTH
fbm B GSHIL B %5 & (Conjugation) HE i #8 4b , 1 & Bl &8
WEREBHEMWalbunin® Z Lysine residuefd & il 5% & 58

hl—



WEABZDE , L HAEAE Z & K& & 8 &
OREEEmMEENEBREBAETRE S BEE X,
RERTR2EEPERS, BEILRE % 5 BB
- B H % Aldehyde dehydrogenase U & IR Acetyl
groupM {EFatty acidif BERIEHF T ERERAMEE,.
EXRFARAKFRBES S HHZE KT E P EFN
BER® M) ,EBNHBIEDREMEA. RIB
PAT B 5T 45 R (AC)sGP¥# AFB:-induced hepatocyte
AIDNA damage (by UDS method) BHIHIZVEMH , &1
BETE in vivo,Hl in vitro XZHERHEE FRHE—Z
FABMEN, Bt EME 5 (Ac)GP¥ 5t & 16 AFB.%
AFB1-8,9-epoxideZ Cyt P-450I A(Blerythromycin
N-demethylase®@narker "™ )R AL RBXRZH
) o
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AoE NOEZARTHARMEER
RIERRE 2BR

i % B M

RAEBRRBE-FEHHUM)GCPEFEREER, RIE
EEMAFBL,EARHEENBRBBELEAEE N+,
BRET (AC)GPEAFB SIEEEM BB 2 B Y,

AEMRGEEGEHRIDGEREZR TR Gluta-
thione® & ,Glutathione S-transferase®dm M ELEE;
CEEEHESBIUR HE. stainSFEBRERZZELRNU
CERUABEEFMEEF v -GTase FociMWRREHE I
BEETFREP (AQO)GPRDAEZREBYTYEMNIFARRE
GHAFBZRIEBYHFNH Z/FH.
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1.8 K%

Wistar R. Strain M X H & (B8 E4150-180¢)
BEHEBEXKBEREWF DO, APurina Lab Chovw &R, &
MAKARFH BERoH A BHTAR68E HURBEE
NEEYREE,

2. 625 H

FiBz BB WEASHEEESRS kB
Sk v -GMNA(~” -glutamnyl acid-4-methoxy-8 -Naphthl-
amind) 8 H Bachen.California Comp.siglycyleglycine
B B fluka”® & ;Fast Blue BB saltf B Signa® #l;
aqueous mounting medium B H Polyscince Comp.

. YEM

AFB.BL (AC) sGPSE A 2 & DMSOW M , B W = % 7k ¥ 12
,DMSOF % IR E &5 2%, AFB .45 2ng/Keg Body Weight, (AC)sGP
% lng/Keg, K 2ng/Kgo BB BN, GroupI%IE"%"gﬁ
AAEAEATBE B sGroup T A DUSOEIEM 5 —H 25 )\ #H H
Ml H A REEE S Group I B AFBUE IS , 5 X [E Group
I ;GrouplV & (AC)sGP 2neg/Ke) A BER B ,FEEHE 3 K
BAHESEEN/NHE 5R/H) iGroupV LA (AC)GP (1mg/Kg)
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HE&IKREK,ERHE (AC)GP X I FE & 8 AFB. (2ng/Ke)
(BHEsK , HEEIM) ;i GroupVIEHE 5 XA £ ,{H (AC)GP

LEH E2ng/Keo FABEHBEMBEEZELKRESEFEEM
ATFEMSEYEE BB PEHEERYE. (FERFig.9)

4.3 HrHEH

P £ BB SEIR ¥ % I M & & 8k i & I8 12 e &1 1 28
FEZE B FTRED —HD2WGSHEEZ XGSTHR R E %,
A—BBNREEYlcn x len block® IR Cold Acetone/M ¥
KZ2PEREEBBEENR-80CUKFHEF (THRE2-3EHBEZ
EHEARE), UBELSEYR&E » -GTase foci, B = &7 #F
BN 892cn x 2cm AEEMEE, UHFH.E.stain, BLE
B 4 & =2 16 o

(1) FEEIH

I % & O (2,000-3,000rpm: 15min. ) B3 Z M 47 & {7
o # ALT, AST,ALP, v -GT R Total Bilirubino

(2)FFBEGSHE & RGSTEM Z # F

SHBFEMB-—EMHMEFEFSHERZ (2), (3)
IRV

(3) Hematoxylin and Eosin stains (H.E stain)

HEZBEMTFBIUWRY1cn x lon, BA15%formaldehyde
solutionB FsH &% Ui HLSEBWT .
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S

MR 72, LR 2R OK (Hematoxylin) B & % 2-152 8,
(KT ETE HGEREBERZZARMEE),
LK B ¥ o
RO.SYBABRITYPLBER , H1-5,
BASKOGKI000nl TR ABRK28)EH 8 £ IR
B MR,

BRHRKPPER, ZPF1558H,
LPLO.SYFREVER PV 2208,

kR BB®S0Y,90%,95%BEH -

BA100%BER, —HFX - 100% (1:1), ZHZE -
REEW (4:1), ZFEX(L),ZFR(L)BFDHE,
M_HRFEZEHRH,

HZES

@00 e

e @

(4) » -GTase focitw #l 7 ik

BB B ERBE1969F Alexander® 2 H i, W
HhASRAKRZFHES REeRDRES (BEEH 20-25T)
U 8un Zsection,T— & livertD#4-5 sections, mount
Jtalbumin-coating ZWH E , FHEZ2RFLIEEKEZ

7 -GMNA Solution(Bfsubstrate solution, WEXHE » -

GMNA, Tris-buffer,Sline, 7 -glutanyl groupZ EX %,
KM Fast Blue BBN salt¥ (BBERFig. 100 RER TRE
159 8% , B 7 0.85% Saline solution@El H B 24 &,
BBE0.IM CuSO.24H P (FE2EEBFE), BN
0.85% Saline solutionP R 20E mBNEZEBKFE
b2 8 o #F¥2 18 M Aqueous mount mediun®® b & M E W
FOBRERE T 2 B A 40x,100x, K 200xBI 28 I ABE R
Z(0.0lnn® — B A )EH v -GTase focio FTAUHHE
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MEGH 8- HZEBBE R100m A L ZtIH 5280, lon
-0.2nm,0.3-0.4nm FHERZ v -GTase foci#H B, & —
HORBEAIAARE v -GUNAR B Z substrate solution
WKHEE ARV RUEER BB RURFEFERNLLER
& %5 MhenatoxilinfFcounter stain ABRUAHEZKZ
ZHE,

MIFE A v -GTase T L GMNAE # v -glutanyl group
ZGlycylglycineMBCuBE FEBRBEZHABEBYE,

(Fig.11)
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(—) FIEEREARGHS E , GSTERIAIES R

$E /i wE BT Th e ¥5 1E B & ALT, AST, ALP, Total Bi-
lirubin, X v -GTZ t 8 32 I AFB. (2meg/Ke) EEE GT N\ H
(Group MYZH B AEZLELE, HEMHEME (Ac)GP
2 (Group I )R (Ac)sGP= Bl £ B AFB.[6 B BE 3 #H (Group
VI YEZ 2 (Table 7),1B 862 2 2 7£ 15 1E AFBR (AC) sGP
BHZEIAMBE REZEHFEAERTEHEY
EHAEESERN. MAFGSHE 22U ESERERNEA
HAIYE EHEBEESR (Table 8)o GST BEEBE M H @,
AFB.& (AC)sGP BB EIEH A LA ESE  HAFB.H (AC)GP
[ B bz PH %H B AFB4H B E 2 2 (Table 9)o

(=) WHESE H.E stain &8

FHE Y RS HH.E stainS REH :DUSOE ST H B &
(Fig.12) B (AC)sGP(Fig.13) MR M 2 FFEH SR 4 FR 19 %
5 AR A8 i BAAFBE 89\ 8 4H B 88 31 H eosinophilic
cell foci(Fig.14,15), (B9 H —EZ R MUAE T R
noduleZ W) , BARIHMIEAFBNBEE Y FH Epre-
neoplastic foci: (AC)sGP (A B H &8 & & = ) & AFB,[E
RNEMHEBERAREEREN AR % (Fig.16,17), &
MEATHEMBRFEREENEREAIEE,
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(=) 7 -GTase foci WEH K

AGMNAB SZ BTSN E R RS REIR , % Nornal
(Group I ) (Fig.19),DMSO (Group I ) (Fig.20) & (AC)sGP
B (Groupl ) (Fig.21)EH D &8 » -GTase posi-
tivez IR, MERNVNENREEHARSE R |
7 -GTaseE EE R FEZ BT T £ Eportal tract™ME

(50,51)
(e}

AAFBE IR  AIMIAMONRBEME TEH R LRI
7 GTaseflBEZB HEBRAKEE Z v -GTase foci (Fig.
22 Vi HIRNEBEAMARERbile duct portal tract, £ T ke
2 (hepatocyte) ™ th 38 2 5 17 , B /r Ith & I8t > 40 B8 ¥ AFB,
ZEMEMREMIRST v -GTaseX "W ,WIE L » -GTase
foci(Fig.23)o 2L (AC)sGPELAFB.@ R EHE H (GroupV ,VI)
A Bl EE v -GTase fociZ®K (Fig.24)o

FTERAABEMERBHEBR BU0.0lnnsENZ
B REWLHE 2%, 5t Bsnaller foci (0.1nn-0.29nnE &)
, X larger foci(0.3mmn-0.49mnER)ZEE E—HU RS
BB R100nn’, T EEen®™F 7 -GTase positive fociZ
#H ( Table 10) , &R B GroupI , I, T ¥ » -GTase
focith B ;GrouplV,V VI =¥ Z Total foci No./cn’tB#
B GrouplV (AFB:#H ) Z larger foci No./cn’tEZE 1582.6%
, MM Group V (AFB:1+ (AC)sGP 1meg/Kg),GroupVI (AFB.+ (AC)sGP
2ng/Keg) 73 Bl 25085 53.8%, B~ &I A (AC)GPZ & ¥ AFB,
TSl # Z larger 7 -GTase fociB MI&I1E M
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I

M F B S IE B X WALT, AST, ALPK Total Bili-
rubin, 7 -GTEMHZHEE28E B EHMEN B ENornal
MEZEAKX ,JEFBESBAFBREYENREIEIBEF 1L
B BEBNBAEFEEMEBHZED  MBBEHS
ZHHB&ABE £ chronic feedingZ PHEEAZREZR , LA
& (AC)GPZ HEEMH

HEBURH.E stain BIR T EEAR WENE T,
AESEHNHECRELEHTHEEL initation, EHF 4
M B initiated hepatocyte foci® (Fig.14,15), %K
BESEX I AFB, ultinate product Z %l ¥ Bl 7 & £ A HR
A P¥ @ B hepatocyte nodules (£272°2-3 nm in diame-
ter) ZHBEL (KEBFTE —SEAFBEEZZRMNH A I
BIH, £ (ACQ)GPHEAFB/ R EE 2 MEEZ R Y EIR A bile
duct AW ER%,

BH v -GTase fociZz Bl AW , IEH H RDMSOK (AC)s
GPEBEEEHZ ZEFHET » -GTaseZ KRENMNE TR
ENE, TMAEBAas L E WERFTEHFLMARM~: £F
fetusZ W Z R IR jejunal villi, pancreatic acini,
bile ducts, seminal vesicles,proximal convoluted
tubules ¥ Z E XXMM, M 7 lynphocytes, retina,Cho-
roid plexus Pt EFAE®; HEKREZRIESEMK, M
M AFB IR B X Z R E R B v -GTaseZ X, M A&
ROEBEBMEERIFEL v -GTase fociZ BRI 1F & 4
% # carcinogen toxinMELERNWRERE, AHEELD
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" hepatocyte X EIAFBMIFEE 2 B FHE Oval cel INEEAL
WMAEMA v -GTaseX IR ZI M H hyperplastic nodulef
HEY, sEEEEEARETRPIPXERBTOBELR
RE/RTFHEGPE BEESZHNLZERIEY (B AFBK
HE)VWAHBFHZERMAERE MER » -GTase
foci® v -GTase nodules , HIEE T AFH B HEifociZ 8
JREl liver carcinomaZ i I B8 R B 7,

& VL (AC)SGPEAAFBEIRFBE M 2B EE 2 v -GTase
foci®B H K K/MELAFBSH EE B (Table 10), & W (AC)sGP
(lmg/Keg,2ng/Keg) EEH B @D AFBFIEH Z v -GTase
fociB B H ,H 2 larger foci® H BI I AFB.#H Z 82.6%b%
A 50%% 53.8%, B~ (AC)GPEl HE £ AFB.FT 51 & carci-
nomaZpromotionB¥ B (initiated hepatocytes® initi-
ated hepatocyte nodulesZ PFEE) (Fig.25,26) B2 &
PL1,2-dithiol-3-thiones=S & W/FM , 58 K o] ABE K
AFB:FT 51 # Z prenecoplastic 7 -GTase fociZ B H K
R, MEAFBRIBNERBE Y, RIEAESE RFR
EH (AC)GPRIF BRI B FAFBFT B EE A Z larger
7 -GTase foci@ KA/ Zfoci, &~ (AC)GPHY I I
|f {i# fF 40 BE 32 2 AFB I8 18 09 55 A7 % 8, i1 H AFB.6Y B
EHREES later stagel¥ 32 Fl (AC)GPHI %1 o
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e FH B REE®R
J
PA Ether A, £HEHBA
NY
2L Butanol/H:.0 # T partition
J
H{ Butanol 4T acetylation
J
YL Ethnol recrystallization
J
Fii3 s Bl %& (AC)sGP

CH;-C-0CH,

R=B-D-2, 3, 4, 6-tetra-acetyl-glucose

Fig.2 BWfEFREZWR (AC)GPZ HE X
(AC)sSGPZ &5 18 o
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AFLATOXIN 8,

CYTCCHROME
P4S0

o O

?

oI i ]

AFLATOXIN B-8,9-OXIDE

- : N
croxioe 7 : ~ GLUTATHIONE
HYCRASE ~ . \S-TRANSFERASE
7 .
/ . N
/’ : N
Fe Y AN
Ve NUCLEIC ACIO ADOUCTS N
0 0 0 LN
o’\/' AFLATOXIN.
GLUTATHIONE
CONJUGATE

3,9 DIHYDRO-8,9-DIHYOROX Y-
AFLATOXIN 8,

8,3 DIHYDRO 8. INT.GUANY.
3-HYDROXYAFLATOXIN B,

{Major ONA Adduct Formed
in vivg and in vittg]

Fig.3 Pathways involved in the metabolic activation
of AFB..



(]

I I T |
DMSO

i f i i
wo)p  AFB:

v t |

(AC) sGP

v { .

t |
(AC)SGP  AFB:

VI ‘ T 1
(AC)GP  AFBs

Vi - , ;
AFB:

{ i i

3 24 hr

Fig.4 Diagrammatic representation of experimental animal
treating. Group I : Normal diet; GroupI: DMS0 (0. 2%)
i.p. administration; Group Il :AFB:1(2mg/Kg) i.p. ;
GrouplV : (AC)sGP (10mg/Kg) gastric intubation iGroup
Vi (AC)GP (2mg/Kg) g.i. 3hr before AFBi(2mg/Kg) i.p.
: GroupV1: (AC)sGP (5mg/Kg) g.i. 3hr before AFB: 1.p.;
GroupVi: (AC)sGP (10mg/Kg) g.i. 3hr before AFB: i.p..
Al]l animals were sacrificed at 24hr after AFB: 1.p..
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J N

I : 2
!
DHSO
I : i
AFB:
v | !
!

(AC)P  (AC)<GP
\V/ z - ' %
f f i
(AC)GP  (AC)GP  (AC)GP+ (AFB),
VI | 3 | .
! ! fi

(AC)sGP - (AC)sGP (AC) sGP+ (AFB),

f ; - 1 4 Day
0 1 2 3 4

Fig.5 Diagrammatic representation of experimental animal
treating. Group I :Normal diet; Group I : DMSQ(0.2%)
i.p. administration; Groupll : AFB:(2mg/Kg)i.p.:
GrouplV: (AC)sGP (10mg/Kg) gastric intubation at lst,
2nd and 3rd day: GroupV: (AC)sGP (5mg/Kg) g.i. at
1st,2nd and 3rd day, then i.p. AFB: at 3rd day ;
GroupVI: (AC)sGP (10mg/Kg) g.i. at 1st,2nd and 3rd
day ,then i.p. AFB: at 3rd day. All animals were
sacrificed one day after the AFB: i.p. administra-
tion.
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liver Tissue 180mg, adding 0.67ml 25% HPOs
and 2.5ml phosphate-EDTA

J
Homogenize, centrifuge at 4°C,49,000rpn
(100,000xg) for 30min

N2

Take 0.5m] supernatant ,adding 4.5ml
phosphate-EDTA for dilution 10times

N2

Take 100« 1 diluted supernatant sol'n,
adding 1.8ml phosphate-EDTA buffer
and 100« 1 OPT solution

N/

Incubate at Room Temp. for 15 min
(must be isolated from light)

N2

Determine fluorescence at 420nm
excitation at 350nm

Fig.6 Protocol for determing the cytosol GSH concentration
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0.8g liver adding 3.2ml Tris-Sucrose buffer (pH7.5)
J

Homogenize, centrifuge at 4°C, 50,200rpm
(105,000xg) for 30min.

N2
N% NE
Take 2011 supernatant Take supernatant 20« 1
adding 1.5ml 2mM GSH for diluting 50 times by
. 1.5m] 2mM CDNB adding Tris-Sucrose buffer
980w ]
NE N2
N2 NE
Take 1ml diluted supernatant
Mix, then determine the solution, then adding Bio-Rad
absorbance changes at Protein Assay Dye 4ml
340nm
NE
(scan for 0-1min,1-2min) Mix, then determine the

absorbance at 280nm

Fig.7 Protocol for determing the cytosol GST activities
and the concentrations of cytosol proteins.
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boxylase

malonyl CoA
©

fB-ketoacyl ACD
synthase

DHE~HED

malonyl ACD

|

/7 further § >
elongation

B-ketoacyl ACD
reductase

f3-OH-acyl ACD
dehydrase

NADPH
enoyl ACD
reductase

NADPt

[

(1) butyryl {butanoyl)

ACD

'ig.8 Fatty acid biosynthesis from acetyl-CoA.




I Normal

I DMSO

Il AFB,

IV (AC)sGP
2mg/Kg

V AFB, +

(AC)GP 1mg/Kg

VI AFB | +

Fig.9

..............

.................

IIIIIIIII

T LS

II//I[I
VAT

o A A AT

: T T ]
-1 0 8 40 week

Diagrammatic representation of experimental animal treating.
Group I :Normal Group; Group I :DMS0(0.2%)i.p. administration
(E==) for 8 wks(5 days/wk); Groupll : AFB:(2mg/Kg) i.p.
([z==)) for 8 wks(5 days/wk); GrouplV: pretreatment (AC)sGP
(2mg/Kg) (B2 )for 3 days,then gastric intubation for
successive 8 wks, GroupV: pretament (AC)«GP (1mg/Kg) ( YY)
for 3 days,then g.i. (AC)GP and i.p. AFB: for successive

8 wks at the same time; Group VI: preatment (AC)«GP(2 mg/Kg)
for 3 days,then g.i. (AC)sGP and i.p. AFB: for successive 8
wks at the same time. All animals were sacrificed 32 wks
after the last AFB: i.p. administration.
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Substrate Sol'n for 7 -Glutamyl transpeptidase
(7 -Glutamyl-4-methoxy-2-naphthylamide: 7 -GMNA Sol'n)

(1) > -GMNA (2.5 mg/ml) 1.0ml
(2) Tris-buffer (0.M,pH7.4) 5.0ml
(3) Saline  (0.85%) 14.0ml
(4) Glycylglycine 10.0ng
(5) Fast Blue BBN salt 10.0ng

Total 20.0ml

p.s. Stock GMNA Sol'n : 25mg GNNA dissolved in
0.5ml DMSO and 0.5ml 1IN NaQOH, then adding
9 ml dist.H0 ,this agent is stable for
3 days at 4C, but the substrate Sol'n
must be freshly prepared.

Fig.10 Substrate solution for 7 -Glutamyl transpeptidase
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OCH; 0CH3
1. 7 -GTase N
rlm, —e— i t
NRCO(CHa),CHCOOK 2. Fast Blue BBN NHz.
N
x
(GMNA) : N 0CHs
Cu Salt
G e HZC207.
?H;NHINHCSNHNHz . NHCO

N Cu
Xn¢ ocyus

Fig.11 7 -Glutamyl-4-methoxy-2-naphthylamide (GMNA) was
transferred the 7 -Glutamyl group by 7 - Glutamyl
transpeptidase (7 -GTase) to glycylglycine, then
coupled promptly with the diazonium salt ( Fast
Blue BBN) to form a red-orange insoluble azo dye
which was then cheleated with cupric ion to yield
an evenmore insolube intense red dye. ( Cheleation
with Cu ion increased the affinity of the
pigment for tissue protein.)
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Fig.12 Rat liver examined at 40 weeks. After 8 weeks DMSO
i.p. administration(b days/week),then removed from

the i.p. administration for 32 weeks (Group I).
H&E. x100.

Fig.13 Rat liver examined at 40 weeks. After & weeks (AC)5GP
(2mg.Kg) gastric intubation (5 days/week),then removed

from the gastric intubation for 32 weeks (Group ).
H&E. x100.
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Fig.14 Clear cell foci and eosinophilic cell foci (arrows)
in rat livers killed at 40 weeks. Rats were treated
with AFB1 i.p. administration for 8 weeks (5 days/
week), and then removed from AFB1 i.p. for 32 week
(Group IV). H & E. x 100.

S

Fig.15 The same section as Fig.14 H & E. x200.
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Table 1. gffects of (AC) sGP on the hepatic function markers in AFB;-induced hepaitc
amage.

Group Treatment ALT(EUAD AST(EUA) ALP (EUA) r-GT(EUA)

I Normal 0.8 £ 8.9 191.2 £ 32.8 170.0 £ 44.6 1.0 £ 1.0
I DMSO(0.2%) 37.6 £ 5.4 183.0 £ 48.4 175.6 £ 51.4 0.6 £ 0.5
I AFB: (2mg/Kg) 249.5 £ 06.28 623.0 £ 221.9% 203.4 £ 76.9 3.3 £ 0.94
V. (AC) 5GP (10mg/Kg) 6.0 3.6 172.7 £

V' AFB:+(AC) 5GP (2mg/Kg)  288.7 * 119.8 655.5+ 135.1 222.2 £ 3.7 3.5 £ 2.3
VI AFB,+(AC) GP (5me/Kg) 203.0 + 103.6  437.3 £ 108.0 288.3 £100.2 2.8 £ 1.2
VI AFB, +(AC) sGP (10mg/Kg) 3813.0 £ 593.6% 5251.1 % 954.9% 315.7 £ 34.0%. 4.0 £ 1.5

Experimental rats were pretreated with (AC)sGP by gastric intubation for 3 hr
before the administration of AFB: . All rats were killed 24hr after the i.p.
administration of AFB: for the determination of serum ALT,AST ,ALP and 7 -GT
activities. Values are means * S.D., n=6.

# p<0.005, compared with the DMSO control group.
% p<0.005, compared with the AFBi-treated group.



Table 2. Effects of (AC)sGP on the levels of GSH in AFB:-induced
hepatic damage.

Group  Treatment | GSH (wg/g liver)
I Normal 1993.1 + 240.8
I DHSO (2%) 2051.1 % 266.7
I AFB1 (2 mg/Kg) 3050.7 £ 483.544
v (AC)sGP (10mg/Ke) 1739.7 * 275.6
v AFB1 + (AC)GP (2ng/Ke) 2369.5 + 515.7x
VI AFB:1 + (AC)GP (5mg/Kg) 2779.4 t 655.8%

VI AFB: + (AC)sGP (10mg/Kg) 2807.6 + 572.9

Exiperimental rats were pretreated with (AC)sGP by gastric

intubtion 3hr before the i.p. administration of AFB:. All

rats were killed 24hr after the i.p. administration of

AFB:1 . The livers were removed and then homogenized for the

geBermingtion of cytosol GSH levels. Values are means *
.D, n=6.

# p<0.05, compared with the DMSO control group.
% p<0.05, compared with the AFBi-treated group.
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Table 3. Effects of (AC)sGP on the activities of GST in AFB: -induced
hepatic damage.

Group  Treatment ~ GST (nmol/min mg prot.)

I Normal 118.7 * 26.7

I DMSO (2%) 108.4 * 15.5

I AFB:  (2mg/Kg) 112.6 £ 34.0

v (AC)sGP  (10me/Ke) 93.2 * 15.6

\% AFB1 + (AC)GP (2mg/Kg) 102.0 = 10.8

VI AFB: + (AC)GP (Smg/Kg) 101.1 £ 9.8

i + 4.3

~ AFBr + (AC)sGP (10mg/Ke) 109.9

Experimental rats were pretreated with (AC)sGP by gastric intuba-

tion for 3 hr before the administration of AFB:i. All rats were

killed 24hr after the i.p. administration of AFB: and the livers
were minced and homogenlzed for the determination of enzyme acti-
vities. Values are means * S.D.,n=6.
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Table 4. Effects of (AC)sGP on the hepatic function markers in AFB: -induced hepatic damage.

Goup  Treatment ALT (BU/1)  AST (EU/1) ALP (EU/1) 7 ~GT(EU/L)
1 Normal 40.8 £ 8.9 191.2 £ 32.8 170.0%44.6 1.0 £ 1.0
I DMSO (2%) 37.6 £ 5.4 183.0 £ 48.4 175.6%51.4 0.6 £ 0.5
I AFBr (2mg/Ke) 249.5 * 96.268 623.0 * 221.98# 247.0%£72.3% 3.3 = 0.0u#
v (AC)sGP (10me/Ke) 42.0 = 6.7 159.3 £ 47.8 142.2%£26.7 1.0 £ 0.6
\% ARB: + (AC)GP (5mg/Kg) 245.0 £118.1  732.0 * 266.5  273.7£82.9 1.4 £ 1.1:
VI AFB: + (AC)GP" (10mg/Kg) 472.0 % 99.Qw¢ 941.0 % 228.6% 266.3%£70.6 3.0 £ 1.2

Experimental rats were pretreated with (AC)sGP by gastric intubation for 3 days. All rats
were killed 24hr after the i.p. administration of AFBi for the determination of serum
ALT, AST,ALP and 7 -GT activities. Values are means % S.D., n=0.

# p<0.05, ## p<0.005 , compared with the DMSO control group.
% p<0.05, sk p<0.01 , compared with the AFBi-treated group.



Table 5. Effects of (AC)sGP on the levels of GSH in AFB: -induced

hepatic damage.

Group Treatment GSH (ug/g liver)
I Normal 1993.1 * 240.8
I DMSO (0.2%) 2051.1 * 266.7
I AFB1 (2mg/Kg) 3050.7 = 483.5#+#
Y (0GP (10me/Ke) 1739.7 + 275.64
v AFB:+ (ACYGP (5mg/Kg)  2758.1 L 492.0%
VI AFBi + (AC)GP- (10mg/Kg)  2849.5 * 212.9

Exiperiment rats were pretreated with (AC)sSGP by gastric
intubtion for 3 days. All rats were killed 24hr after
the 1.p administration of AFBi. The livers were removed
and then homogenized for the determination of cytosol

GSH levels. Values are means * S.D

, h=6.

# p<0.0b, ## p<0.005, compared with the DMSO control group.

\
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* p < 0.05, compared with AFBi-treated group.



Table 6. Effects of (AC)sGP on the activities of GST in AFBi-
induced hepatic damage.

Group  Treatment GST(n mole/min mg prot.)

I Normal - 118.7 £ 26.7

I DMSO (2%) | 108.4 + 15.5

Il AFB: (2mg/Kg) 112.6 *+ 34.0

vV (AC)GP  (10mg/Kg) 93.2 = 15.6

\ AFB. + (AC)GP  (5me/Ke) 105.9 * 16.3

VI AFB: + (AC)GP  (10mg/Kg) 85.0 = 5.6%

Experimental rats were pretreated with (AC)sGP by gastric intu-
bation for 3 days. All rats were killed 24hr after the 1i.p. v
administration of AFB: and the livers were minced and homogenized
/ for6the determination of enzyme activities. Values are means % S.D.
,n=6.

* p < 0.01, compared with the AFB1 -treated group.
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Table 7. Effects of (AC)sGP on hepatic function markers in AFB:-incuced hepatic damage.

Group  Treatment ALT (EU/L) AST (EU/L) ALP(EU/L)  T.Bili.(meg/dl) » -GT(EU/L)
1 Normal 62.7t 8.8 241.0% 34.9 119.6%£21.7 0.33%0.05 0
I DMSO (0. 2%) 56.0£11.8 246.7% 46.0 127.0%£19.1 0.38%0.09 0
II AFB1 (2mg/Kg) 56.7%+ 7.0 232.3% 45.7 112.9%19.1 0.33%0.05 0
v (AC)sGP  2mg/Kg 63.0£10.8 358.3% 42.3% 176.3+30.9% 0.4 £0 0
\% AFB: + (AC)sGP 1mg/Kg  54.0%15.6 385.5+120.9 134.7+45.6 0.33£0.06 0
VI AFB1 + (AC)sGP 2mg/Kg  69.6%12.9% 229.4% 31.3  165.2+23.6%x 0.32%£0.04 0

Experimental rats were pretreated with (AC)sGP by gastric intubation for 3 days, then successive
gastric intubation of (AC)sGP and i.p. administration of AFB: at the wame periods for 8 weeks

(5 days/week). Animals were sacrificed for hepatic function markers analysis 32 weeks after
removal of rats from (AC)sGP and AFB: treatment.

# p<0.005, compared with the DMSO control group.
% p<0.05, #p<0.005, compared with the AFB:-treated group.



"Table 8. Effects of (AC)sGP on the levels of GSH in AFBl*induced
hepatic damage.

Group Treatment GSH ug/g liver
I Normal 2012.4 =+ 342.9
I DMSO  (2%) 2349.0 £ 360.1
I AFB: (2 mg/Kg) 2349.8 * 234.6
v (AC)sGP  (1me/Ke) 2311.1 £ 249.5
v AFB:  + (AC)sGP (1nmg/Kg) 2142.8 £ 481.6
VI AFBr + (AC)sGP (2me/Ke) 2293.5 £ 378.2

Experimental rats were pretreated with (AC)SGP' by gastric
intubation for 3 days, then successive gastric intubation of
(AC)sGP and i.p. administration of AFB: at the same periods for
8 weeks (5 days/week). Animals were sacrificed for cytosol GSH
levels anaylsis 32 weeks after removal of rats from (AC)sGP

and AFB: treatment.
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Table 9. Effects of (AC)sGP on the activities of GST in
AFB: -induced hepatic damage.

Group Treatment GST (n mol/min/mg prot.)

I Normal 173.3 £ 25.7

I DMSO (2%) 217.0 £ 49.0

Il AFB: (2mg/Kg) 234.3 £ 24.1+#

v (AC)sGP  (2mg/Ke) 253.9 £ 26.0#

v AFB: + (AC)GP (Img/Ke) 211.9 £ 16.4

VI * 10.6

AFB: + (AC)sGP (2mg/Kg) 233.7

Experimental rats were pretreated with (AC)sGP' by gastric
intubation for 3 days, then successive gastric intubation of
(AC)sGP and i.p. administration of AFB: at the same periods for
8 weeks (5 days/week). Animals were sacrificed for cytosol GST
activity analysis 32 weeks after removal of rats from (AC)sGP
and AFB: treatment.

#t p<0.005, compared with the DMSO control group.
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Table 10. Effects of (AC)sGP on AFB:i-induced 7 -glutamyl transpeptidase
positive foci in rat livers.

Group Treatment Foci No./ cm® scetion
smaller foci No.%  larger foci No.wk T3234é2§?i£§L
I Normal 0 0 0
I DMSO (0. 2%) 0 0 0
I AFB1  (2mg/Ke) 1.9 (17.4%) 9.02 (82.6%) 10.92
R\ (AC)sGP (2me/Ke) 0 | 0o 0
Vv AFBr + (AC)sGP 1mg/Kg 6.5 (50%) 6.5 (50%) 13.00
VI AFB1 + (AC)sGP 2meg/Keg 5.19 (46.2%) 6.05 (53.8%) 11.24

Rats were treated as described in Fig.9.
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