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The Effects of Antioxidant Vitamins Via Comet
and Mitogenic Assay in Mice Exposed to AFB;

Seon Ja Park "

The objective of this study was to examine the effects of antioxidant vitamins on the
cellular oxidant damage by observing the mitogenicity in the mouse spleen and the strand
breaks of DNA in mouse blood induced by AFB..

Intraperitoneal(ip.) injections of vitamin C(VC) of 10 mg/kg and vitamin E(VE) of 638 mg/kg
were repeatedly administered to male ICR mice of 6 weeks old at intervals of 4 times every 2
days. After one hour vitamin treatments, AFB: of 04 mg/kg was injected into the AFB; plus
vitamin treated groups in the same way.

On the other hands, into the AFB) only treated group, only AFB;, was injected without
vitamins in the same method as above. The results of the experiment are as follows ; as regard
to comet assay, DNA strand breaks were clearly present and they formatted a typical comet

B dTe AAYtE BK 21 97 Adel ol@ Ay,
 AAUSR SAYIetY A5ATY

21



statistically significant.

tail in the mice blood of the AFB; only treated groups.

However, comet tails apparently disappeared in AFB; plus antioxidant vitamins treated
groups since oxidant damage was controlled in an almost similar level to the control group.
Mitogenicity of the spleen also showed a similar tendency as before, and these differences were
more remarkably observed in the reaction against Con-A, which is a T-cell mitogen. In these
data, the statistical significance was p<0.0l. The LDL and VLDL levels were 40872, 504.47
mg/dl respectively in the AFB; only treated groups.

Compared with the AFB; only treated groups, those of AFB; plus antioxidant vitamin treated
groups decreased to 272.06(VC), 305.28 mg/dI(VE), respectively. On the other hand, HDL levels
were diminished to 32.60, 29.60 mg/dl in AFB: only treated groups, compared to 42.23, 41.14
mg/dl in the AFB,; plus antioxidant vitamins treated groups. But, blood glucose levels were not
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Aflatoxin Bi(AFB)& Al#S E33 b3t &
(species)®] EFFTE AoJA g 2R F8
# HdAd 81eg 7EHo] $thSmith, Lewis
and Solomons, 1934). §3] $ &9 o}FeEA
#dZ (aflatoxicosis) Yuty o2 32 (jaundice),
B (ascites), FHA ¥ <Hportal hypertension)
g R A(hepatic failure)® 2 FHES Fiksh
tHRobens and Richard, 1992).

TE o] Fo] EAE 7he] HYH WMEHE of
ZINFI71% dt9, 83 49 ALT(alanine amino
transferase)$} AST(aspartate amino transferase)
7k 2& 2o 3l AGAHE 31T
% 9ltHRobens and Richard, 1992 ; Netke %
1997).

Rheal, Hisanori and Summers(2000)% Spraque-
Dawley ratel 3mg/kg®l AFBi& 549 ¥ MRI
(magnetic resonance imaging) &9& A|7da ¢
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& NS B 23 AFBY =% F UAZ T
FW(HPV ; hepatic portal vein)¥} zte] $-& 3
2o F33 &) veigtta Busigc

§HH, Kelly, Eaton, Guengerich, and Coulombe
(197 3743 8908 AFBS &Y% A%
EFETE ez Be FFoAuL Atz
# nAA(Jung microsome)ell = FY3te YA
#H primary lung cancer)& ©F7|A1Zittz &)

Y& o] Miller, EC., Miller, J.A.(1951, 1981)°ll
o3, 31std wholede dukE o 2 procarcinogen
(TRATFER Y gz Ao F5Ho WAL
€& AA proximate carcinogen($1% 'dotgd)o g
W55, g JYolr} ultimate carcinogen(HE2e
ol Ho| g Fudtn Ik

Eg, 29¢EFQd aminozo dye, polycyclic
aromatic hydrocarbon® #Z-& ZEgo] E4 %39
g A Afstn o] AP BEFE R
WAo] Frltty LEEGY, 1 F ¥y 4
FARRE AT e AFAE $Aso
o|Ro] 3}8tx WtEA FIFAH FYolgm F
i =



b 2o 48
GeozA A4 Fold Az7t Bhn sdt
(Choy, 1993).

53] 2 AFEd ¥ AFB 542 U3
o A ¥ AFB;-DNA adduct’} %%(tumor) 34
o #Ag= HuEo] ARHIT S (Root,
Theodore and Colin 1997), ¢]9lel= AFB;°] & &
Ao &3 g&EH o2 FAFTE oAy 7Y B
2E0] iDashwood, et al, 1989 : Bechtel, 1989).

olg1dt AFBiS A4 ¢ ¢#Ad] diste FH
7+ vl A A (liver microsome) 258 A3 cytochrome
p-450& Ztzt AlEste] AFB 9] dAHE dTEte
gl 7k dAES gRlsid e, 7+ ulhA
ol & FA3te] AFBio| AH3tH ZFEE AA
WA B ARFES AT g4t

olggt HAolA AFB oz U3t A APt} gt
So] FEHH faF EAEA0] Y=o o
FHY AWS <249_7“4(Ja1c0b 1994).
olgfg &4dol Y W BhEE Yo7
DNA°|BZ, ols} Z& &3¢ daY ¢
AE o PHEe] IFHe=R -'11 o] gton
E3] comet assay(%== single cell gel electrophoresis,
SCGE)E ol&% Ho] A&sta Aol w4
(A %, 20002 stk

3 Sekihashi et al.(2001)el 9sbd o8 7}t
A AA7|BAN FH 54L& ZAEFE Y comet
assay® "I &% W &3 s

3E, ol AL dhgel] ¥ SAS
ZAaND F Ude BHE0 dF RuHiuglen,
E3] AFBi22 AF o] A&y} € 42
FAe Wl F e PiAsAY A o
#ado] FolA 1 Ut

ol2igt 3hatalAl ZoA Butylated hydroxyanisole
(BHA)# tertiary butylhydroquinone(TBHQ) Z-&
Z%9 §49 AF FAgAs dtgezH
E9 AAFA3 A4S FAGE d B
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a2y AAZ ol FHE AF FatsAY ¢
Aol digt =do] ¥, oid F& FEI})
#3td Hole A FAsAe] ARgo] BAE
ZA 5o #E Eretinol), E23E(tocopherol),
A E3ZE(herb extracts), =ZHgreen tea)(Qin,
1997, Namiki, 1990 5)¢ 22 Ad FilsiA g
H Lol oA glE dAol

I FoA §3] F8 FigtAo &8t vER]
Ce HElY EY H&d distq 43 717] dFE
o] Ao RuHT Utk E3) comet assays ©|
£8 AYoA vgy Ce FUAZ A e
92 $AEAHE A72A0 D (Blasiak, 2001)17 K313}
Heom, 8 7kx] ¥oldTE A (promutagen)d] At
3y gAl 4A3E A £ don, i3t 84
SZAA A fE gude AAsS 5t
A AL AXNA7IE Aoz A UrHSato,
Niki and Shimasaki, 1990).

ags vgyl E =3 ¥4 284 vEgrle
A #8 gz &4o2HE UAE BHId
Fo Axe B8 E fAse Az 7 ¢
22 9len(Sies, 1991), Bachowski $(1995)& 4
o] 4HE % vigw E«l A BFEL A3A
2EG 2 g g3 F 7% sty

old] B AFNMNE AFB 95 Fog i)
v E}9)(Vitamin C$} Vitamin E)9) &% %9 %
A W DNA UAEd, fAHEQe] mlxle 9%

Az F5Eo] it gikst vleigle] &
B}E FAEY 2 AHE Rudag o
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Bi(AFB)oIRle.8, #tg}
(VO)%} Vitamin E(VE)§ 2.1, &
AR

Comet assay®l] AHE-E A2 DMEM(Gibeo),
disodium EDTA(Kokusan) Ca++, Mg++ free
phosphate buffered saline(PBS)%= Life technologies
A E, DMSO(dimethyl sulfoxide), ethidium bromide,
Triton X-100, Tris, sodium lauryl sarcosinate™
Sigma AEFE AH83AL,
agarose gel(LMPA), normal melting point agarose
gel(NMPA)& Life technologies A& o]th

a8]3 Blastogenesisol #d# H¥L HsHd,
Concanavalin A(Con A), lipopolysaccharide(LPS),
RPMI-1640(Sigma), fetal calf serum(Gibco),
methyl-*H-thymidine, liquid scintillation counter
(Beckman LS-6000 TA)E AH&3+th

EE, Agd =4S A% BLF Okit(ASAN
Co) ¥ E9Z4E A8 Glzyme(&EIR{LE, Tokyo,
Japan) A ¢fo] ALE-FH T

agln d¥d AE® F8& 7l UV-
Spectrophotometer(Bekmans, Co. USA), Homo-
genizer(Nihonseiki kaisha, AM-11, japan) Ultra-
centrifuge(Beckmans Cl4, Co. USA), Ultrasonic
cell membrane disruptor(Bandelin Sonopuls HD
Nikon,
HFX-1, Japan), Zeiss PCO(Fisher imager version
140) 5& A3

]E}‘i’l% Vitamin C
Sigma AE

low melting point

60), Optical electromicroscope(Olympus,

Al
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2. AEd

gAY FEANE2RE BF 65, HTAF
40g9] A “H-2(ICR AB)E FY43d F& A
340N 13423 AN F ALAT ASF
< BTE FAEE gon, 34771 AdA
Fo2 33 EF AFe AHEA HAHANES )
ok APFEL 672 Uren, BF R
9(ip. injection)2 A FH At}
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ATELE YRFOZT AFBY L4z AHEE
DMSO 50us} wieby Co) &£12 0.1M NaHCO;
50uE B Fddges, A2Fe 39 DMSO
50u09t wiElY E9) &+ Comn oil 50uE 37
Eostqitt. A3FE 01 M NaHCO; 50E 5
g o5 1 AL F 04mg/kg FE9 AFB S0ulE
F4q3glt

E3 A4TS Corn oil 50UE FAd 5 14

to] e the 04mg/kg FE9 AFB; 504l
Eq3gct. A5 £44 Fatsueing
#& 27 98 Vitamin CE 10mg/kgdl 5=
2 ®498a 1N F AFBig $93gth A6
T AEA Pisdletye] g wlmy]
#3 Vitamin EZ 638mg/kgd ¥EEZ %93
Hdom, JA 1Ak A F AFBiS 53U F
At ol T WHoZE 2dd I} W
2 43 8 Fo3ig.

Fo AFd2HE 8YUA ethyl ether® vl A
713 A A8 AAEAY. AL A
A Ao, A48 FA 104E DMEM 1mlel
A3ty A & &Asgon, Urx dde
¥y 2gsto —70C Bt _

S0ml FAE AMESY ZA7ke PBS(01 M,

r\l

potr

pH 748 5% oig=9g T3 FUstd 42
AAE o, wde JEso A7k PBSH /7t

Fej¥Ag oAl AAE o3 RPMI-1640 HlA 2
AH F g ke A9 3 d8sUth

3. dEdH

1) Comet assay

(1) Single cell gel electrophoresis A &FH]

AFB 9] 3313 FAel & DNAY &4 A&
2 Pz} vERle e AHET] 98 Single
Cell Gel Electrophoresis(SCGE, Comet assay)E&



AASHE .

AEA €Y 108 DMEM Imiol 33z 54
iAo} @A FAMslEA 01% trypan blue® g4
3} hemocytometer2 A&dd 2x107/ml2 A%
T8 23 F 10000mpmolA 5% B¢ €4 £
2l5te] AL pelletd 05% NMPA 50uloll H-HA)
A comet assayE YT A8 2 AR Fig. 4
o] A48 A FH

(2) Slide &H] %
Single cell gel electrophoresis

Singh, Stephens and Schneider(1994)2] o
8o} AgE AN F, 40TY 05% LMPA
150pt & fully frosted microscope slide ol ¥7}F
8l ZA] cover glassE Yol 587 ¥4 B#s
o gel& & 237 ¥ cover glassE W71 AZRA
2 slide 9ol 2x10%cel/ml/50s NMPAE |
H ANEE 1 Yo} B ®m# cover glassE Hol
ALAM 23|, v e R 200 9 LMPAE
2718t celle] EHE gelF & FF3HAT

25M NaCl, 100mM EDTA, 10mM Tris, 1%
Triton X-1002 ZA¥ lysis buffer(pH 10)9l
slideg ®7F AL, g4 =AM 1A F¢
lysisAl# DNA®Y double strand® Zo} Fx, tf
Al slideZ #719% buffer(300mM NaOH, 10mM
NaEDTA, 0.1% hydroxy qunoline)ol 208 A%
97} unwinding Al ¥ slide§ electrophoresis
reservoir® anode(+) Zol wl¥€& 1 electrophoresis
bufferg A S 12 V, 250 mAE A-2A 40
B A9 EE AAEHA

A7 Tl B T 04M Tris buffer(pH 7.5)9)
5E4 3 AXHstE, Zug/ml FEY  ethidium
bromide®2 @Mt FFARF o2 516~560nm
excitation filter, 590 nm barrier filtero] A slideZ
250~4008) & #2381 Zeiss PCO, Fisher imager
version 140 o] &3t ALxl #G3Ht.
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2) v]AAIE] blastogenesisdl]
e Ay

Aflatoxin B1¢] moused] th HIEFL Al
#387] 93t Czerkinsky, Nilsson and Nygren
(1983)¢] whiel watr AFB& Foid vlh$29]
B4 #EAA Concanavalin A(Con A) 92
lipopolysaccharide(LPS) &< A=) djgh uhg&
g 4¥E sda

RPMI-1640(Sigma) #jA12 8] =28 23] A
Hg o} 10% fetal calf serumo] ¥7H8 RPMI-
16408018 W1 AXE B3l 94 #8 %
AAY HEE Tris-buffered 0.83% ammonium
chloride A8& & thg 1500rmpmA 587t 94
HAE 23] A9 ¥ 03% trypan blue2 A4 49
Al(vital staining)dted 5X10° cell/ml F&o8 =
A3t

¥ AXH592 Falcon 3047 culture plate
o) Im¥ 5% o2 Con A 4ug LPS 2ug& 7
plated] #7138t 5% CO: w7l A 72212 <
AXE F AXEE FAs] A Aol 1uCiY
methyl-"H-thymidine® ¥, 6A2 © A% %
MEE 2 7(0.45m) 3t H Tt

scintillation vial®l ¥¢] 05N HCl 1ml& ¥&
% 1ml9 ethylacetate® E3)E ANEF oS
10ml8] scintillation €& ¥ 3, liquid scintillation
counter2 A -counting3}t%ith.

3) ¥A %9 A<(lipoprotein) 74

g3 & AdN9 e A9} PYEo @
HFA e (HDL), AHFA¢W(LDL) ¥ %A
vl F A S(VLDL)S &437) 93 BLF O kit
€ o] 833

K



4) 82 5ol vjX|= o

Glzymes o] 8% Ex9 A3ad Wyow
ki =

e

5) EAIdel

=T AFB) F9 2 343} vey £ F
AT Atelel AR HEAe EFAUANER H)
(meantSD)Et o] Wizt FAXH AHEge
SAS(Strategic Application Software, version 6.12)
programe ©]&3t9 one-way ANOVA 24& 4
Ag F, frodAol dE A AHF EYer g
Hlw 9] 39l Scheffe AAE AANdY FAA
Aolg HFHAG 4 9 FYHL p<0p 2
p<001 F&lA 29 & Hrtstsn

m Z

>

o] &bl ojxle &

og

Zt ATl dolA wid YA Aol Ao
2H%E 4% A3 Fig 19 o] gzxd ¢l
oNE T 5024mgoz FFEF F71E Holn
Ao, aflatoxin Bi FHFE 59 £ 2d#4717
£ Aol Anlge] Frlsitrl 3UARE F43)
FAEE HAFe v dsA FodTe P37
4631mgAll Al &g F7HE RAF T Qi

2. DNA &4

AFBiRFdZ & absz
DNA YA HHDNA strand break) ZEE -§<t

EAog A
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Fig. 1. The feed consimption of mice as followed time course



Hog #BAs7] #8) Comet assay(Single Cell
Gel Electrophoresis)& 418t A1} AFB, 9% &
oo A= DNA WYHHHDNA strand break)o]
olgso] Fele Y &9 AX FHE £
F St

dide) & AbshjErYle] &Y FoTe
DNA WA Addo] A9 A7|A &%t AFB
EopidE AE &4 AErt FEsHA
g AL SUHoz #FE F Ut oRL
et HlER] CY E R BEFOA AN i
I =&HAHFig. 2).
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Gl, DMSO=£NaHCOs ;
G2, DMSO=Corn oil ;
G3, AFB1*NaHCOs ;
G4, AFB=Com ail ;
Gb, AFB, =VTC;

G6, AFB1=VTE.

Fig. 2. Evaluation of the DNA damage
by single cell gel electrophoresis
in whole blood cell.

3. Mitogenic assay

AFBiS) ©5 FolZz $ush wERl FelEeld
o fAREE IS T B7ksh] $ blastogenesis
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AHoA f-counting$ A= Table 1414 el
W nle} o] T-cell mitogen 2242 Con Adl
A AFBi8] 9% FoToA fAHEG] A3
AeEH AL BoFa gk

8aksl HIE R RolME AUXoz @y
AA 7lFol EASA EAEJSS BAFH Ql
o}, o]} Z& AIE B-cell mitogen2 249 LPS
Al E FARE e BYFa 9o, & ¢
o Aol Fejg FABAE Uebla Sl

Table 1. Mitogenic effect of Con A
and LPS in spleen cell
Con A LPS
M=£SD M=*SD

Gl 1631832833+149873 ° 6411917.67+93350 ¢
G2 1832324967+9326  ° 719126333%5583 ¢
G3 384316.17+1811 ° 4394714.33% 5806 °
G4 2952630831279 ' 331722250+ 3953
G5 888655350+£23400  © 992402533+32609 °
G6 7637035.00125962 ¢ 8282099.83+27828 °
F 99999.99x 9999999

P 00001 0.0001

Values within the same column with same
alphabets are not significantly different(+*,
p<0.01) among the groups by one way ANOVA
with Scheffe’ test. All values represent meanz
S.D(Standard Deviation).

4, €3 Fo| xjctl(ipoprotein) 74

g3 U e 74 AR #% 49 25
7} Table 291X 9 o] AFB, ©% FoFoA
LDLY X7} 40206% 535, 415.38+12.79(mg/dl)
2 Jvelgon, VLDLAIA: 589.75+13.35, 41920
+1024(mg/d)E =A el W, HDLA $l
olME 3260+1.02, 2960+t093(mg/d)E 2313
ZolEY o, Wz Fistd EF FoPA
T & Ao/t fUh



Table 2. Lipoproteins of the serum in each group

LDL(mg/d) VLDL(mg/d!) HDL(mg/dl)
M+SD M=SD M=+SD
Gl 197.10% 412 197.03+ 519° 48.20%2.48°
G2 19991+ 4.04° 211.07* 871° 48.02+115°
G3 40206t 535 580.75113.35° 2.60+1.07
G4 41538+12.79" 419.20410.24° 29.60£0.93"
G5 33465+34.05° 337.11+£36.84° 223+1.18°
G6 200.48+10.21° 21346£1345" 41.14+0.87
F 258 24 411.91%+ 186,38+
p 0.0001 0.0001 0.0001

Values within the same column with same alphabets are not significantly different(+*, p<@.0L)
among the groups by one way ANOVA with Scheffe’ test. All values represent meanz
S.D(Standard Deviation).
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Fig. 3. Evaluation of the glucose level in mice sera

BLOOD GLUCOSE(mg/di

1255

G2

99,2

G3

2111

G4 G5

Groups

3} R FojFeA
BE3E AgoA dA=
AFB; @&
5 TN 199.24%115.15, 211.05%£10.91(mg/dl)
2 Z718 A& Jehia AT Table 39 ¥
A AgdXe FA4E& JehdA gt

G6
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Table 3. Evaluation of the glucose levels

in mice sera
BLOOD GLUCOSE(mg/dl)

M=*SD
Gl 12868% 67.42a
G2 12547+ 276l1a
G3 199.24+115.15a
G4 211.05% 1091a
G5 137.04% 41.00a
G6 147.21% 29.8%
F 2.37
p 0.0634

Values within the same column with same
alphabets are not significantly different(x*,
p<0.01) among the groups by one way ANOVA
with Scheffe’ test. All values represent meanz
S.D(Standard Deviation).
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Aflatoxin Bi{(AFB)2.2 <13 o}Z g EN
F(aflatoxicosis)Z Al AA oj¢ Fa3
UAR FLEn FA ZTL2 olFAH FZHA

B A71E Zliver)ol, AFBiol 249 &4

1= SN de ofy
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A Ee 20T beHol B WEUSS 1Y
249 980 o B2 + Atk AL Jnlo

(Burfening, 1973).

L, AFBi2 EAFS AE AEES didez
ke o A 2d AAA ®o
dEpon, 3 gAA oA, nA T Aofg A
Ao Wt vH2A DNA ¥4, ANA 7he &3
st B7H0 §4(AFB-N7-guanine)& Y27E 2
© % H3(Wang and Groopman, 1999)3t51t}.

ueH, F2& FHoE s Fevet A4
g 8% FUNteE A% HF 489 A
FToE o9} B AFBio HAIA HsjFgel w
HatA =88 7ol $7sta e AAol=
2 o] 3B Fao g Hry AAHE 2AF E
8893 AlrHE Holth

ojgfd ATE HEoZ & dYPdME 4ol
Bl g d 7| E2ZALE LT, 2 A3 Aol
Higol] JoiME tiRTAA Azt Azge] w
g o] Aol 2F F7iteE WHH AFB, ©%
FATAME 2dANAE F7HIAS W 3YA
B 4% #Aa %S Ul den, o
AFB ¢ FoY 7t S5 A A8

kgl wEk] oM dEIAAY 4
o &Hlge] Frlel7lE dAoY I Tt AETL
gttt 25 FoATdM e 2947 E Ut
Aoy 3UNFEH F48 Fa FFE vl
Aem, ol AFBi9 ¥4 7 /Mg
2 gadAh

Ibeh(1998)9] A4l AFBiE 1493t 5%
TolX AFB, @5 FAT9 AFo] p<Ob FE

TEYes

3L
hnl

o
s

o %94 Ut P4£E Ueigen, B Hg
7 golzoldi AF BadlA fAdE e
A gse.

a2y ARCAA, A BE3Ad, M R A,
200000 ojetd, AFBiE FoAF T3 F4tet HE
UE T TAMY AT R 7] FA niA

E 4Pl diE 2AIAM AFB) B FofTollA

ul
by

29

4AARE Fo4 UA AFol Fism, g
HERl RoAZoME AF izt @isiA Je
won, BAH fFod4L p<0010]

=8 3 AFY RAE 2T A s
9 e FAe st vy 47 gz
A zol7t Qg H=E 749 FA gaHA
gg%out AFB; @5 FoZAE p<0018] FA
A 94 Jebd Ak A7 e,

olg]d H#}E AFBio] 53] +&4(hepatic
damage)€ frd@the F9 o8 FHEL H
WAzt 7Hde] @ 4 gl =8 AF ¢ 37
of FAE Ho] anFHe HBANE /Y o}
HEN F5F 9L F= Aolge A& A4}
Lig=?
W, RE AEAS ANEXzZ &d e DNA
fral S2u SA Sl 98 71 mstA
&45E EANE2A, DNA vde Ad(strand
break)e] ¥oltH(Deeble, Jabir, Parsons, Smith
and Wheatley, 1990).

ole|3 DNAY ¥&E ZFA3e Py st
single cell gel electrophoresis®ll 2]3+ comet assay
ojnf, B AgolA YeERd ule} Zo] aflatoxin B,
9= oA dizTs vladte DNA W 3
o] @o] FAso] YA comet FHE e
o, a3} vl EF FoATME gz

£ 97te] DNA W dde] yeig sled A
gl dzTd 77 gEE fAS Qi

ojg] ¥t #3 =il 23 DNA UM Ado] o
2, F 9 ol(199)8 ATl o YA =
Atoll W& comet assayolA WARA O] FALE AR
ol Al ZAM ol F7hgol wel DNA €4 A=t
7Y RudA A AFBil 9% A=
olg fFAFEHA .

AFB)2 8 7133 mitogen(FAHED FE<l
Aol mutagen(Holf-24)2 431 H|(Bushy,
Wogan, 1985 ; Hayes, 1981), Table 13} 722 spleen
celll A9 mitogenic assayolM b £% A Ho)

rir



7} 270 AT aflatoxin By @5 FATNA &
A FrAtEgel A YERk

g3 o] AL T-cell mitogeng] Con-Aol ot
v AAEY ¥27 B-cell mitogend! LPSel did
Bl AEe] wgo] BE Fo% A4E Y
2, s v &Y 9244 2 =T
A F/htg e o Aste 7, 4 2 B(19%)
9] B3 HZANES mitogenic response’t Al
Zro] Azl wel, toxing ol wel Fad4
ti= A dxsthHayes, 1981 ; Geissler
and Faustman, 1988).

oj#} g Azet FASHA, hamster, T, rat¥ &
Aolo] A Bvjo}EA (embryotoxicity)# 87 71¥
A (teratogenicity) & YERNH, AFBio] 2H€ %

S e RioM fie] Hu FA dde 2
1= gk

A3 19949 Tbehel B AR AFBE F4}
£ 4 (mitogenicity)l A4 F%L A=
o2 oA & ¥ FUAsA =HYeH, oA FEx
EY(infertility)7Hx] F2stA Aot st

B, 3tstAle Aol Fgfe] #Ek Steinberg,
Parthasarathy, Carew and Witztum(1989)¢] <+
oA £37|A AFE opATlE ddeR 4F
A LDLe] 2%°]2, macrophage 5 <3t 4t
359 cholesteryl ester7t Z7ksted frallatd, A
7] 2 3320] WA= o] T3 arteriosclerosis)
Zg fusitn musigch

Esterbauer, Puhl, Dieber-Rotheneder, Waeg
and Rabl(1991)& F9733le RGAE HAsHA
A3} cholesterol®] macrophage ¥ F%<] WA
2o 2F50] At AFEAHE(foam cel)7t A
o o] HAX o] AR AXE APEEHR, o] A
g AZAE da BolxWA A E3E(fatty
streak)©] 9 FHl ¥ FRANI} dojuA
"l BuEd.

HZo 94 o] AFAXY ARYYL ITAE
of o8] weiged, WS F A3t LDLo| o] BE

R

30

HAe 288 AR ZEE o] FHAAA Pt
A alpha-tocopherol, beta—carotene, flavonoids&
H7bsbd LDLY Atab7h dAlgdoie RidA s
Zo] B AYPIME aflatoxin B @5 FATNA
LDL, VLDL9 Z717F yehgon) HDLE 23]
A

=g, ARdAz, eAdd 4 2 A, 200009 W
£ Z AFB, 95 SFdqToAe U F4A%
(triglyceride) F=7} 420.71+£3809, 495.15+475&
Bug 73 2 =& Table 29 HDL 3260%£1.02,
2060093 (mg/d) F=FolA et 23 T3t
160mg/dl o)de] 3FE FAA " triglyceride)
S35 fosie ode Ndud dads
A0, = 2HF AdGH(HDL) FH2HEY
%8 ZAAZYE Chapman and Bruckert
(1996)¢] B19} LX) 3}

AFBig 7t tA} &5 dig 9% @A o
Abol 9loiA John¥ Miller(1969)= #<o A
albumin, fibrigogen, @ l-acid glycoprotein 3%
ATt SRR, BrEE diatdl AiAM AFB
£ ZHlA 9 glycogen A% 5 Hoj=dn.

w3t UDP glucose-glycogen transglycosylase
FAL wolmal i glucose-6-phosphatase activity
T A5 HMP E¥ pentose phosphate shunt
g AT 2E $tHSteinberg, Parthasarathy,
Carew, Khoo and Witztum, 1989).

md, B Ay €7 £&& AFB ©5
2o A EAH F99 glov s
Bl o], HIEHE 24 R A3td Th] A
AE)ojot & glucose’t BEF Y £o02 #&H
o] UxHolYnl ¥Y £F& Folv dH IFS
F ALE {538 & Ut

a#y ZAZE AFBel =350e We ¥9
Fzo oA wARH F7t FE& Hax ATE
el Ao dagc

Aoz B AP Hgg e C
9t Ex AAA AA cAAelA, AFBil ¢

il
&
&



8 UEld DNA WS 2 QYA 3HE
AN o FRE A48 Hgod, o &
Be Avus YRS A% 9% "3
e NEEES

VZEE

B dFE aflatoxin Bi(AFB)e] 9J3te {24
o}9-~ 9] oo X o] DNA YA Adtst b]goA
o FAMEEAE BEFOZH o5 AXe A3
A &l digh datst viERIY ERE XA
3t = AT

WA, velRl Ce vERl EE 65% 4R ICR
op$- 2o 10mg/kg, 638mg/kgd FEZ EFW
o] z+z} ZFAWip ; intraperitoneal injection)3}% L,
AFB & Hlg}Rl &3 T HERIE FAMG
T 1A 7o) A3 g 04mg/kg®l AFBi&
o & ot

Ed 35E 29 HEoE FYE whdd 93
43) wrE 2oslu) wbd AFB, ©% FoT
At 22 wWygoz vER glo] AFBiY ¥
Aok olate]l Ay A ofefel Zrh

1) dZzFolMg o] AnFe FEI F7t
Bon AFB, @5 47L& 34AREH 543
stk 23y st vietn &Y FoT
e gurgk 2718 JYeRigich

2) Comet assayoll &3, 4 DNA 7t
AFB, &% FoFolA F3istA L= HEgH

-

4

=

rfo

o3

ok

alu

<l comet tailg AP o, st EF F49
ZMEe AY dzey visd FEo2 sk
&Aool A= comet taile] AbEhAth

3) EZ vjFolA Y FAHEEEHE HF FAF
3 A%E Jehigies, ot Aol T- cell
FAHEYE FEAQ Con-Ad tid ¥HgolA o
& FREA olo] tid FAH F4L p<001
ot

4) NGy F£FAME AFBl 9% FoFoA
Py LDL& 40872mg/dl o™, VLDLE H#
0447mg/diZ 3433 vt &3 5479 LDL
272.06mg/d1$+ VLDL, 305.28mg/diEtt F71351e
o, HDL& 3260, 2960mg/dle. 2 3Hitshuielyl &
TEAqT 4223, 41.14mg/dizt HlEEY 238
Zasgd

5 8% FEAAE BAH 4ol fdTh

o8l oA, dEH 8734 29EHY 3§t
Ul AFB9 38§ SA422 J¥ DNA ¢
AZFEE ETHE 93 7HA ASHE daA
4 de FAE Ce EY 5dE #g
qeom, olF v gFd I AshulEine] 2ol
Zastgta Atss e ol

EY, ol e 49 e ¥4 1 718 54
FEE TFE BIAEY AAA HAE FFE
#A37] A AU LA FAER A oA
ol A% FA 4stEHH VY IFH A
¥ E&o] HYZtu AZ4En.
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