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The Effect of Ant10x1dant Vitamins on Liver Function Enzymes and
Hepatic Damage of Aflatoxin Bi treated mice

Park, Seon Ja“, Park, Jung Hyunz), Park; Jong Sun”, Seo, Sook Jae:”, and Chung, Duck Hwa®

Aflatoxin Bi(AFBy) is a potent hepatotoxic and hepatocarcinogenic mycotoxin in human
beings. It is accumulated in animal tissues and injured cell through variable metabolic
pathway. This study was conducted to determine the effect of antioxidant vitamins on liver
function enzymes and hepatic damage of AFB: treated mice. The 6 weeks old male ICR
mice were randomly separated 6 groups, vehicle solvent or vitamin C(10 mg/kg/day) and
vitamin E(63.8 mg/kg/day) were -administered by interaperitoneal(i.p.) injection and 1 hr
later, vehicle solution(DMSO) or AFB;(04 mg/kg) were injected. The results obtained as
follow ; The levels of liver function enzymes such as GOT, GPT, LDH, and alkaline
phosphatase, in sera of mice were remarkably elevated by . treatment with AFB; only.
However, those enzymes were significantly alleviated -by co-treatment with antioxidant
vitamins(p<0.01). Especially the levels of. LDH and ALK phosphatase were similar to those
of control groups(p<0.01). The transmission electron microscopy(TEM) image of intracellular
microrganelles on the liver cell of mice was also degenerated extremely by treatment with
AFB,, but vitamin C and vitamin E gave good effects on cellular deformation. The
intracellular microrganelles such as mitochondria, endoplasmic reticulum, nucleus and nucleic
membrane were nearly disappeared the cellular deformation by antioxidant vitamins
co-administration. With above results, we could estimated that antioxidant vitamins blocked
AFB; induced hepatic cell damage.

* 1) Department of Nursing, Chinju Health College
2) Department of Food Science & Technology, Gyeongsang National University
3) Department of Biology, Gyeongsang National University
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Aflatoxin® @etido] Ztis A oldd=
E o ¥ ol A (mutagenicity), 718&A4(teratogeni-
city) 5ol gledl, AgAANA 1 A FFY
Ao go] golata doll disted AgAdol AA
200~300ColA E3=HE 5 At AFH 22
Ve, HEdEe Ehsdide J 522 us 4
Aol BAE A2A sz ok

Patterson(1973)°) 2l3}l9 aflatoxine & w
2} Al Aolzt sled AL, #, FAAN F
of, 7lYelya, Yzl TolA 4R T AEY
Sksls ek xkE gelA] glth Aflatoxin
o8 7Hx] FARE] ded o F MR §
Aol aflatoxin By ol 71¢ ZEH& HRdE
eldit}, Krishnamarchari, Bhat, Nagajaran and
Tilak(1975)& aflatoxin®] SEA 34 £52 ¢

L o rlo me
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o7l Heg HmHL rh 1 424 A=
HE AFod 3 Fot §Fd 2~6mgd
aflatoxing& AHE ALFAAN 4 1 A¥S
#23Y 5 Ydcte 27 Yok w1 e &
o2 AANL =F AdEe ¥4 1gs FEd
7bsAdol otk BHuEl npoll ot Aojo A9
Reye =% T3 Kwashiorkor #AtellA thEke]
aflatoxin ©] HAZEHA gAY ANE EJH
Hendrickse, Coulter and Lamplugh, 1982).
Aflatoxin®} e A2lA Lo gloiMe Axqt
9] BolAAg 2 mitochondrial swelling® /&3
e B2t Z(Doherty and Campbell, 1972,
1973), ol= F2 oA tAET ke @3
2, A, dud A &858 A tHHorton,
B. ], Horton, J. D. and Sabine, J. R. 1972)1
da A glek. olejolx ofrjos} ofLit AF
o] Agty AN 2 Fo 3 aflatoxin®]
3} fural 7iete] ez et Audol
oo 31¥E 8 YtHWu, Wei, Ku, G, 1934).

olgjg Aflatoxin®] A FelMe g #
aflatoxindl LEE & ®ol Hise AEE

o glojq o} 2ueA 9 aflatoxin & =
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A= A Yol daA d3eMe e

AF7t olm P FH o, Fudre oHHE &
wslx] 2l A2 o]dF(1NPDE AR =
(urine)oll A aflatoxin® HZ&3l49 aflatoxin®]
Z3 idnte] dBAdE Goltrgith

@H, aflatoxin®] IFHH4E HeERNE 713l

g AFE F 53] Omar 5(1996)< aflatoxin
o] EMo] A& microsomeol X NADPH o|&
3 lipid peroxidation®] doju 4tEd A&
AAEA EAL dofitty HuI}PL, o2
A% 2 AFE wrgo] FREHA FATd SHE
ol HAH o8 FTHY AWE doidn
gt} (Jacob, 1994).

HT aflatoxino.Z AT AXEG 2 4LA
FAE Wl 5 gl FidsiAe AR A
fA o] ol Uth olF ol FiAsA Fol
A 53] vlglwl C 9 vER E9] A& disto

o] 742 d7Eel Ru¥i  UrhHNamika,
1990). 1 % vitamin C& 4§ E#3 48 7}

A promutagen®] AtsHA il #A& AT
T o 4tz #Y AFANA [T free
radicale AASA adduct FAHE AAAUTH
(Sato et al, 1990)2 3t} Vitamin E 23 thE
A 244 vlElwl o2 free radicald &FoZ
HE AAE 233FE ASARZ F deA
itk o}27 Smigel(1992)2 vlElT A9} HIEIT
Ce oA die] dist &3 2 helper T-cell
(Twel #84& FAAZGL stk Bendichs
(1984)2 vjE}7l E7} mitogenol] thdt 7lYols] 1
o] WY wg-g FAAZYn Bussch 1
U olglg dalslAlgo] NADPEA AFB 9
AL 2 ZFo) F3de Fue Hie AY 2
A &1 ok

293 e ue Agel 4NN F4o)
Aol =@ 2AL A2 WE ATHES
Fo] 4AST e AYUE BFAn 4P

FE2 2@ A4 2 F5H wbd e &
A A aflatoxin®] 9L 433 US
o dEn, oz Q3 S Ut AREY 9dA



7 ol aflatoxin ©o] $83F 9ol & £
Aok Azgd azsE B dFdas 4%
FEe Aol aflatoxin Brg @5 FASAY
A3} vitamin C R vitamin B9} £ Fof
3o in vivo AEOA FEE AEESY BA
Aol el ¥ sk(pathogenesis)ol. Wste] 3t
=4 fE a9dd d#E % &2 E(Liver
Function Enzymes)$l W3l& Yolum, gitsl4
2l vitamin C ¢ vitamin E& &£¢ Fdsiq 7
E4d uAE a3 g okgd Ax
Al Ay A% Feyy fAL B olE
gAd At

. dEdz 3 2y
1. dEM=

AR EEY Bog Aflatoxin Bi(AFBy), vitamin
C(VC), vitamin E(VE)& Sigma ME& AMg3
Aok dgol ALgE F2 7171E homogenizer
(Nihonseiki kaisha, AM-11, Japan), &4 7]
(Ultracut, Reich-ert-Jung, Germany), F#4z}
& v] 7 (Hitachi H-600) & AH&3lgith

2. dgoid

2 gde sige geddsEAHZRY
ICR A€ A% 65 HF AF 30 42

F28 FA8Y FE ASFANAN 157470 H$
AR F AR AR BTE FAES
o Parle AAAFeR da B A}
88 AREA MHAGNES 394 AdFEe 2
2 8 viEly 6702 Yron, BF BEFE
2 24 ¥4, 48] NERS FHHd. it}
Hletl 9 olE &ulE 5o 1A F AFB, ¥
AFB; ¢ &9j2 Al8¥ DMSOE F43Ith &,
2T Ale A9 v Co 40 0.1M
NaHCO3; 50t §< F AFBi9] &vl2 Algd
DMSO 50utE& 54393, A2Te] A4 vey
E¢] 89l¢l com oil 50 ¥ DMSO 50448 %
a9t A 3% 0.IM NaHCO; 504t ¥4 %
04 mg/kg %9 AFB, S0uUE Fod3god,
TH A4 com oil 0t F9 F 04 mgke
FE9] AFB; 50uE F93t4ch As5wE 84
g3l vlgle] g3 B 98] vitamin CE
10mg/kgd] FE2 593t 1N §F AFBE
T3t A6TEL N84 3 AsuElvle &
2 vjwdyl Y8 vitamin EE 638 mg/kgd)
FTER FAsyen 143 B F AFBE B
72 W 58

A WA Fo F 8UA ethyl ether "} A7)
sAsted APES A d4e Aol
AP e, 0ml FAVIE AHESlY A7be
PBS(0.1M, pH 748 E% diA4#g 53 F
&t g AASH g, e AE g A7l

- PBS@T)O @7F AqEHE A AT F ¢

Table 1. Administration contents of the vehicle: solvent, vitamin C, vitamin E and aflatoxin B: refer to each

group
Groups Contents LP. injected dose No. of animals
Gl 0.1M NaHCO; + DMSO ate 8
G2 Corn oil +  DMSO b+e 8
G3 0.IM NaHCO; + AFB; a+f 8
G4 Corn oil + AFB; b+f 8
G5 vitamin C +  AFB c+f 8
G6 vitamin E +  AFB d+f 8

a; 50ut of 0.1IM NaHCOs, b ; 50u8 of Corn oil, ¢ ; 10mg/kg of vitamin C, 50uf, d ; 63.6 mg/kg of vitamin E,

uh, e ; 50ut of DMSO, f; 0.4 mg/kg of AFBI, 504
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A Agol AHgItAT.

3. Yy

D AF R 3 FA 53

Ayl2x 25T AAAFA &3 Holg &
FEA HARES dden wd 4B At
vhg-29 AFE S A MUt =
& AN e HEste 4T PBSO0IM, pH 74)
o 271 2o 4S8 AAF A& FAE 33
Fiied

2) 83 F9 71 @49 529 ¥4 =4

HAoMe 7t7]% FH EAY  glutamic
oxaloacetic transaminase(GOT), glutamic pyruvic
transaminase(GPT)& A& Reitman-Frankel
ol WwHoz GOT/GPT  kit(Shinyang
chemical, co., Korea)& AM&8t9em Karmen
unit® WEhNch Lactate dehyro-genase(LDH)
+ LDH-LQ(Asan, co)& A3l Wroblewski
unit® YeER¢l oY, alkaline phosphatase(ALK.
phosphatase) & kind-king F4Hog wEolz
New-K-PHOSE &3 kitZ a9 2 @Ax+=
King-Armstrong(K-A)9$1 2 Jeh ik

P
T’:?}

3) AXEvR3A BF

gz 2 AFB, @559 7, AFB T 3443}
HERlE A4 54T 2o 7+t 1-2
mm’e} 2712 ZebA) 25% glutaraldehyde®
TAZ F 1% osmium tetraoxide® F TAS
stgich of ol AFREE 2E AoEE 02 ym filter
2 dq#3g 01M g edor sNsgen
Y FFgdoz MAAT ANRE LT
FE A5 £(60%-100%6) 2.2 243kl propylene
oxide® &g XEAZ hE epon 8120] Enj
st 2o 60C ovendllA] 24413t &
A7 ¥ e 7|(Ultracut, Reichert-Jung)&
ol-g3le ZWHHA(T0 nm)E THES] uranyl
acetate$} lead citrate® GHNsle] FaAAH ]

O
Z3g

z3g
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7 (Hitachi H-600, Japan)22 75 kVeiA #23}
2 AR #gEan.

4) $AA=
233 AFB o 2 33 vig &g
ol Alole] ARfX = PEA9} FFUAE B
7l(mean £ SD.J3IL o5 oI FAH e
= SAS(Strategic Application Software, version
6.12)program® ©]439] one-way ANOVA ¥
Mg ANE F FHe] A S AFE B4
Z oF Hlie] 9l Scheffe’ HAE A8k
TAA Aolg HFHA 2 79 FoAe

p<0.05 E p<0.01 F&°IA <& F 3o
i,

2 o

i

gl oSt

oo

1. S % Z2ke] B0l ojxl=
ICR miced AFBl ¥ AFBl13} #itaivjeil
S Y Foid 3 AFBIOl gk Aubzel <43
S AP 9AM AFS wd AT Az
24 % A7 Table 29 o] AFBIFH ¥ 344
7R e 2 +d B4 zolst gileoy Fo F
49ARE = p<001g] FFFdA TE AXF
Aol RYTE EZ vl AN e RAE
2% A3 Table 30 AAE vis} o] dzF
7 & 34 EEF AT 2 AFB; 95 %o
A feld AolE B 4 AATHp<0.01).

3. 2t 715 &A(liver function enzyme)
of ojxjl= HE

AFB, Fd9 8H4dAM GOT, GPT, LDH,
ALK. Phosphatase®] €% &o] Table 49 %
o], AFB, ©@% FooA dASA Frkslsich
E3] GOTE AFB, ©E54EQ 333 430A
ZvZy 182371548, 208471184 (IU/unit) Qo
gatguielyl Foed 57 67 E 12970
+1507, 1302721298 94 e #F4E Y



Table 2. The body weight of mice as following glapsed time in each group

- , BODY WEIGHT
1D 2D 3D 4D 5D 6D 7D 8D
M=*SD M=*SD M=*SD M+SD M+SD M=*SD M=SD M=%SD

Gl 3362+155 33761134 3390+1.27 3498+1.10 3562+0.77a 36.11t0.86a 37.11+053a 37.40*+1.41
a a a a b b b b

2 3460*141 3477+069 34.9810.88 3B3B+T124 3643+058 37401036 37.76£042 3752+£1.90
a a a a a a a a

a3 34.25+139 34.46+091 3416107 33.13§O.B4a 32.16";0.780 32.0831.42c 31.88+095 31.65+t1.31
a a a c c

G4 33581094 3381+092 3328+101 3222+228 3126137 3047%1.02 3024+058 2091+1.32
a a a : b d d d C

G5 3R297+1.25 3312+152 3386172 3332+113a 33.11*+154 3B07*1.16 3287X159 3202*1.10
a a a b C C (¢ ac

a6 33771136 3413+133 3428%+174 3417+167 3390+1.19 33671064 3337+1.16 32181081
a a a ab be c C a

F 1.56 217 151 5,67+ 27,075 56.03%x* 77.10%* 452+

p 0.1913 0.0746 0.2065 0.0004 0.0001 0.0001 0.0001 0.002

Values within the same column with same alphaﬁets are not significantly different. (3*, p<0.01) among the
groups by one way ANOVA with Scheffé’ test. D ; Days as elapsed time. All values represent mean¥
S.D(Standard Deviation). Description related to groups was revealed in detail on Table 1.

Table 3. The liver weight of mice as following -elapsed time in each group

G1(n=8) G2(n=8)  G3(n=8) G4(n=8) G5(n=8) G6(n=8) F P
i + + + + +
Liver 162+024 155%014 1.2950.03 1.23+004 1.49+006 151+0.07 1377+ 0,000l
(g) a a b b a a

Values within the same column with same alphébets are not significantly different. (¥, p<0.01) among the
groups by one way ANOVA with Scheffe’ test. All values represent meantS.D(Standard Deviation).
Description related to groups was revealed in detail on Table 1.

Table 4. Alteration of the liver function enzymes in mice serum.

GOTIU/L) GPT (IU/L) LDH" ALK. Phosphatase®”

M=*SD M=SD M=SD M=*SD
Gl 7533+ 227 d 73.47% 266 ¢ 540.19+1060 b 231010 b
G2 7609+ 284 d 7641+ 572 ¢ 534811258 b 247010 b
G3 18237+ 548 b 283.39% 541 a 79697+ 849 a 1261*1.82 a
G4 20847+ 184 a 289.89+1883 a 80272+ 484 a 1379210 a
G5 129701507 ¢ 13812% 840 b 537.76+£16.18 b 303015 b
G6 13027+ 129 ¢ 14183+ 395 b 541011803 b 3181005 b
F 38361+ 663,92+ 688.01 % 135.67*x
p 0.0001 0.0001 0.0001 0.0001

Values within the same column with same alphabets are not significantly different(n=6) (**, p<0.01) among
the groups by one way ANOVA with Scheffe’ test. YWroblewski unit K-A unit. All values represent
mean +S.D(Standard Deviation). Description related to groups was revealed in detail on Table 1.
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o, GPT % 9554w 3&# 4TdAE
Zz; 283391541, 280.89+18.83(IU/AuNit)S! ¥+
gakshulelyl EFAT 578 62N E 7
Z} 138.12%£840, 1418313952 p<0018] /2%
oM BAHE f94d Jdve #FAE B
olE¥ AYgE GPTIAXNE FAE 28 Y
F9 3, LDH, ALK. phosphatase®] 8% &
AME Fisuietyl FAZodME dEzeEH
© A& 2olg YelA FRAR 3T, 47
B p<0019 FAFEd44 FAHA Aol E
2a2akibA=d

4. MXHo|IF(TEM)off o5t Yelx niE

AFB 9] TFHEJ &3] 2§ vATFR Ws
E #EAsp] o8 dAE0EA d¥e A
A7 279 HS Fig 1AM 2ol &
o] AAAY BFE st glen, nEZ=E
ool Mz A A Az LH(cristae)’} BEEA
o £33 nEZcgol FHe AZXAE AFH
ol HYF2E Yl ¢} Fig. 1BE AFB;
945 Fd Foz it o] P glon
e b 7 g mold f¥og wysd]
el v|EE=eote Ag2H|(cristae) 7t ¥
deo] ol Wl FejE BT o, Ad 7
dEo] vehvm gtk 8 vieamin C £ ¥
A Z(Fig. 10)A = 8o ¢zt P BYE 3
ngon} #@ute] meol A Yo HYoH
2XA G vEE=olr A9 A BIE HE
33 ok 283, vitamin E £ F93(Fig.
ID)E vitamin C £& F4F% {fAF A2

L=
O

o

etz gloy ¥de] REHOZE n|HAo]
w nEZeeole] Uy AAHTL ofF e BE
gE 2H5E B AFAE 4¥elA )
2goz FEHPOY A3 P4 mgy
€ Ael7h itk wieks gatsiuelel oy
< AFB, @5 5o vjgle AAHo2 ¥
g AHE RAF Qo dzTd vMe
o= Ax 549 4F& ¥ Aoz eyl
28] Fig. 2% AFB, £330 9% 74X U v
EZ=gots wygs gAsiy] 98 uajg=z &
i@ AFR(26,000 X )0 T},

Fig. 2A+ Zg2d eyl 293 A4
v[EZczolg Ho Fugdon LA A ¢
#o AN nYge AL o, Fig. 2BE
AFB, ©&% RdFoz Az AH Hert 53
o] o] ¥l mMEZEgol RYS stx 3, A
4 xg AeE 2gE Holm gt Fig 2CE
vitamin C &% FoFo2 nEZ=golo Yy
7F tha FEEAo o} E A AHT EEY
A JelRd. 22y mlEZE=eely =ve
Bdoz 3EF0] Itk 2EA 2 94
47 38 A oA 3o n wygd ¥
gl FEA sk} £33 Fig 3AdAME AFB
& 95 543 Fo DAe FgED
(sinusoid) FHel vhebd A H-3H(fibrosis) 848
HBogk Aoz Be ek AR geEe] 2y
A olu} 8 d@del 433 IFHUSES e
Yz gtk £§ Fig. 3BolAE 3 F9o g
ol B Eo] #4xel o i M ¥ (macrophage)
£ B33 itk
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Electron micrograph of ultrastructural feature of the 6-week mouse liver. Acontrol group ; B,
aflatoxin administrated group ; C and D, aflatoxin co-administrated with vitamin C(C) and E(D)

group. 16,000x
M, mitochondria 5 N, nucleus ; ER(arrows), rough endoplasmic reticulum ; LD, lipid droplet.

Fig. 1.
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Fig. 2. Electron micrograph of ultrastructural feature of the 6-week mouse liver. A, control ; B, aflatoxin
administrated group ; C, aflatoxin co—-administrated with vitamin C group. 26,000
M, mitochondria ; ER, rough endoplasmic reticulum : LY, lysosome.



Fig. 3. Fibrosis(A) and macrophage(B) found in the 6-week mouse liver of aflatoxin administrated group. A,
26,000x ; B,16,000x
F. collagen fiber : MP. macrophage ; EN, endothelial cell ; RBC. red blood cell.

58



E IF, A%F, T IS4 BN
3] wAHE FFo|2HE B4=E mycotoxin
o2 Jbg A 7P AH® 5A% ¥94E 7t
FE FHEE T8 FEO

U AgelA w95 2EE 3 54 2o H
m Ed¥lo] 9 7Y fide] HYE & 4

AR A8d g G ELS aflatoxin AFH Fol
2e AY9YSFE & 24 £ HAFE uy
of 4 % uF XY Forxe ¥ ¢4 &8
HoFHDoll, Payne, and Waterhouse, 1966).
Zhetel  Qlez  dEA RS A sHliver
cirthosis), B8 7}%¥(hepatitis type B),. alcohol,
hemochromatosis, glycogen storage disease,
non-A non-B viral hepatitis, %%, 9 ,
aflatoxin §o] Qul, AAAHLE 7t fde]
Fad A2 48iAd e AL BY DYl
uetd $-2 yehe BE hge 24 8o ¥
Agela HE8 L HEF T Aol 4TI
&5 A9y ¥ oble FHo g sty 4
Ao AT FEAY L FEH
A B¢l AF =EFFHe $¥ @R v
Fo] B u Fgolel that AHEQ aflatoxin 9
=% ¥el Avxn & F Ak mEA o
mycotoxin®] t¢h WAl Fod AR g
ztoz Azt Schoental(1970)& 3pdtzoz
o}k pyrrolizodine alkaloids, alkyl
nitrosamines, 7,12-dimethylbenz<a>anthracene,
aflatoxin 5 hAbY Aol =9 o AT 3
2 2gevtia F33% 3 aflatoxing G o
ARFE 2, 3 epoxideE AAIEIRT  Aflatoxin®)
=4 F 32 "WYgFEAR Lol e 5 A
¥AAEgE EA7z BY dEH ¥4
co-carcinogen®.2 ZHg-sto] Yy THE ¢E
Fdcte Bark dtiLiu, Zang, Wu, 1983).
ol AFE nlgog 3o B Aol g
¢ A5 2 A7l FAA wRAE 9] Ao

2
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AFB& %3 &3 & 43 vgug £ ¥
A% Tl MF L F7] FAl v 9%
& ZAET 24X T FU|E ojd 2 AT
oA Mg FAFT A Ao Jehd vie 2
o] AFB; &5 Fo oA 4dAFE FA 3l
A Aol #AIATE Tbeh(1998)e] AHAA
AFB& 1497 54§ FoA AFB, @554%
o] AFo] p<005 &9 FAHAE #FLE U
Buidon gitst dvEwl EF Fo oA
AFB, @554 &) AT i f9A4
AE ZAolzth Yeh}A it Barh i
ey B Agede 38 vEl £ §49
ZAAT AF Fa7 HAA Jdebgonz il
slelRlel g9E 9 ¢ #EUE & Uy
(p<0.01). ¥, Vitamin C TI¥ Fo =3
vitamin E &3 59 FdelE 2 Aol7} 2
t}. 844 mouse AA e FAE FHF 2
vhof ot el FAL 3 A} HjElR] Fo
=& dzx 7 A9 Aoyl g& HER 7
A7 BaEA ko AFB, @5 Fo ol
Me B4 FAHUA ZTa o] Jehud
Wi Age] FAle gl e & wsizl gidld
(g vAE). ol AIE AFBo] 53
hepatic damageE FZ¥cte o9 o8 g4
B¢ Sdsie Mol @ = ey =3 AF
2 Z71e] BEAE Ao iuFFY FAAHL 7}
Ao gz Tl A Alzko] Zxgtel wal Ao
o] AE F7HAR vAE)EE ¥PE AFB;

5 R ZoAe 2dAAAE SU186e 3
YARE FET a2 AFE Y glod
ol AFBi9 ¥4 9 7} 37t E4E Ha %
A3 & 43t HERl B9 FoME gz
TAMAYE 2o} AnjFo] F7} Ul Aoy
a F7F B2 sy

£33 AN 17T FEHE el 934
X #&<Q GOT, GPT, LDH, alkaline phosphatase®
4% a3 olglg ¥E liver function enzyme
d glold AFB, &5 Fo oA 1 371 &
oj&tA Fvkstgen sl EFF T

A

iy



JoiME 1 F7t AxSE 423 dAHJG
(p<001). 53] LDHAME A dix &3 ¢
& +£9 FAE Jehliglonz 3z &
i3 43t &3 vitamin C9 E 25 §A3F
A et} o] R Shen, Han-Ming , Chen-
Yang Shi, Hin-Peng lee, and Choon~Nam
Ong(1994)8] Aol AFB & Fo F Azt 4
o] wet ¥H F GOT, GPT &8¢ 54
AN ¥ 84 25 29 A¥E FA3A4 F0)
ston 5AARE: F3] A TEE AT
I 3ok 2 A ux AFB F4 ¥
tgd 4Y $8E AR nE o= Ax ¥
% 57 A5EHAL detn AzEd. AFB, @
£ Rao FoA 7t 750l Boiste giirEy &
27 M2 Frtedvhe AL A e
“&liver cell damage)E <vl3h o] A&
Abgl vlElel EF Fof TN 1 7 AR o
A=HNon 2 33313 F FHantioxidantal effect)
7 838 Jeld Aoz ofrju] ofrjef Hrisie,
Aol Al 21014 hepatocellular carcinoma (HCC)E
HE38= oval cell proliferation®] marker24 &
3 FFolM e alphafetoprotein( AFP) <]
ASell, Xu, Huff Kabena, Harvery and
Dunsford, 1998)st512 22 AFPAl gk F71 7
Zol gasitin Azt

3 HE U AFBi9] 53 el #Estr]
A% Az AnjA A AYPNA AFB) FoT9
AEANAN Ao oz #Fd Aol P9
& AFBel g8 okl dute] EbaAdel 7
Qtin AZHE, oleld ALE AFBie] A

oo

Y5g

¢

¥ PaFe A4S LEAAAN AL} B

AstA "@cdn Bag ul Aok(Prokrovsky,
Kravchenco and Tutelyan, 1972). Z3 1973\
Doherty$} Campbell& AFB1 FooljA #zst
v|EEseole] HE @42 nEZELote A
Z2gol A3t AEIE b, ¢, o Aol A
AAGErS-o] A WEQ HAeE RIHUL,
$H 22 DNP-inducible ATPase #4de¢] A&
o] nEE=goprt BEHTHE Bk ok
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£ AgdA Jepd AxEnEE A2 e v
Egcgole] ¥ wWEd B3y ¥ 99
TEY & o2 A3ty dge] a8 Ae=
AZbEt), Theron(1965)9) ¢8¥ AFB& =4
AFA NN dHo] YRFZ AW, Pongdh
Wogan(1970)& ZAAX A wady g g2ln
Fo] #Idvn 21d v Atk Ibeh(1992)&
AFB, o 29% #9 TAEAM RNA F8EL
o] #Ao] dAEtn g v QdEd olulx
ribosomal RNA XX o] Asjsol 2HUAXY
A AT FAC w3 4FS FE Aoz A
Ztgr}. vElyl Cu E E5 AT lolA sx)
st Sof Aol JHEA FEE 3L ol v
ejle] ghitsiEe]l ofs) ME Rde] ¥
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JEE Aoz HoX ojg & 3Ed Axn
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A2 vldgd=9 Hayes, van Nieuwenhuiz and
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o9l % aflatoxin®] FY 2§ HE wu
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aflatoxin® FU& 9 Pasteurella, Salmonella,
Candida S| g AgHo] @A3] Holdek=
¥37} ¢cHHamilton and Harris, 1971). 23}z
74259l A aflatoxin reticuloendothelial ' system
o Jlsel £4L Fo] £@ANA  collidal
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(Michael, Thaxton and Hamilton, 1973).
aflatoxin® TEH 2 3§ 1A coumarine® T
zHo2 f4A9d  Bababunmis} Bassir(1969),
Bassir, O. ¢} Bababunmi, E. A(1969)%= rat liver
i factor O VIl A& HAlS
prothrombin time® JAFA7I=H vl k& F
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wol a3E nRey ¥ oE ggd &
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&
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1. %9 Wgle] ol AFB, @5 Fo &
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