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ABSTRACT. Aflatoxins are produced by Aspergillus flavus, parasiticus that grows in improperly
stored cereals. Aflatoxin B, (AFB,) is a potent hepatocarcinogen in a variety of experimental animals
including human beings. In spite of a high attention to the hepatocarcinogenecity of aftatoxins, the
relative toxicity of other types (AFB,, AFG, and AFG,) of the toxins is not fully clarified. Sprague-
Dawley male rats were orally administered with AFB,, AFB,, AFG, and AFG, at the dose of 250,
1250, and 2500 pg/kg body weight. Animals were then killed at 12, 24 or 48 hrs following aflatoxin
adminstration. Subsequently the relative weight of liver was measured and histopathological exami-
nation on the liver was performed. Level of 8-OxodG and expression of ras gene in the liver was
determined. The relative liver weights at high doses of AFB, and AFG, was significantly low. The
treatment of AFB, at the high dose of 2500 pg/kg showed vacuolar degeneration and centrilobular
hepatic necrosis with inflammatory cells. The pathological changes by AFB,, AFG, and AFG, were
not clearly found. The formation of 8-OxodG by AFB, increased in a dose-dependent manner up to
24 hrs after a single treatment of AFB, thereafter decreased to the level of the control. The treat-
ments of AFB,, AFG, and AFG, showed an inconsistent pattern in the formation of 8-OxodG in the
liver of rats with increasing time. The expression of ras oncogene in the liver by AFB, at the dose of
1250 ng/kg was increased twice compared to the control. The treatments of AFB,, AFG, and AFG,
at all doses decreased the expression of ras in the liver. These results in the present study indicate
that AFB, among aflatoxins with low comparable levels is the most toxic as determined by early
biomarkers such as 8-OxodG formation and ras expression. However, the levels of 8-OxodG and ras
as biomarkers were not useful to predict the relative hepatocarcinogenicity of aflatoxins to AFB, in
the present model. Further studies are required to look for other biomarkers to predict carcinogenic
potency of aflatoxins.
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N B

Aflatoxin(AF}R: &7, BF 52 FEFE 4% A%
sjo] WAt Fole) Aspergillus flavus$y Aspergillus
parasiticus 25 AMEE SHholth, ol ZEEXES
AFB;. B, Gy, G2l Yl /71 47 o8 vlg= &9
of T EAshH 1 FelM AFB,ol Sdo] 7MY s
Hoz vaA 3t} (Wogan and Newberne, 1969).

AFB.& hepatitis B viruset @7 5& 2d # ohvz}t
B4 24A9Y AlgoAE 7Hbe fradtia deEixt
{(Hall and Wild, 1994; Peers er al, 1987). AFB,2 |
ol Fslo], 7+9] cytochrome p450(CYP450) E4
of &3] AFB,-89-exo-epoxide® tlAlEtHGallagher et
al, 1996; Ueng et al, 1995). ©] epoxider DNA2| &
71@l guanine?] N7 $Jx]ol] A&l 3223 DNA adduct
21 8,9-dihydro-8-(N7-guanyl}-S-hydroxy-AFB,(AFB,-N7-
guanine}s &4 3tHCroy and Wogan, 1981; Croy et
al, 1978; Lin et al, 1974). AFB,-N7-guanine2 &<}
Ak Felol 2R F A9 OS] FFE tE e
sisict. &, purine 717F BolA WrkA apurinic site
FA AV AFB,-N7-guanine 3914 imidazole ring

ggJHA AFB,-formamidopyrimidine(AFB,-FAPY )2
J$cHBusby and Wogan, 1984). 123k DNA adduct
o] of#] 7} fAA}l| mutationS F2aked AAFE o
AZE GAZE WA= FA54S LRsh.

olFTEAS T3l A4S Yolhd UHA ol EHE
A1l AFB,9] 7HrEslE HAFF SR cytochrome p450
familyell €3te] AFB,-aflatoxin 8,9-hydrodiole] ¥ o]
¥ sulfate T2 glucuronic acid® E4AEEHS A8
o] 4°8-4 sulfate =2 glucuronide esters® Ho 214
gHoz Rulgozy ZEst®cHGuengerich ef al,
1996). o] FAANA Fas &S ste EAS F53)
J2F glutathione S-transferase(GST)olw. w2hA o]
Fao] GYAStE ofFEEAY B4 2 B9 A =
Rz Aoz dHAHTHChen et g/, 2000; Tiemersma
et al, 2001). '

SHA, obFEtEAle] dix oA frElEe] vhei=s free
radicale-2 7ol F2a3%F 9S8 sh=v, DNAS &
#slo]  8-oxo-7,8-dihydro-2-deoxyguanosine(8-OxodG)
< AAFTHWIld and Turner, 2002). $haAl 2 =gt
2k 8-OxodGe) AAe] AHAGL B2 A7 9
& LAEHE gt P o) shte] biomarker
=2 AF%B’}O% gth(Kasai, 1997; Otteneder and Lutz,
1999; Shen et a/, 1995). ©]&18t DNA adductr} BHeF
DNA & 7]ddl s AA A fe=thd, AFB. o=

[e-

o,

oft O

it

=g kol Slofx A5+ targete] H= YA ph3
genedllA HEdmH7E dojuAl o pb3tuiAe] o}
n Ak wide) Hals A4 vl & pb3 gened] codon
249¢] Az H71o SojFH o2 G->T transversion®]
doji} pb3 proteindlA] sero] argl E thAlE BEA 7H
Hhepatocellutar carcinoma)ydiol 43ks &} 3}
ras oncogene?] codon 12, 13, 619} mutation®] 7+t
A de AEAe] o]l BAER dtHChao et
al, 1999; Donnelly and Massey, 1999; Riley et al,
1997). T2 ras familyoll = K-ras, H-ras, N-ras2} 3
groupe] Aedl, ©lE 7Zhzkel 21kDe ras @A
(p21rasye codingdtth. p2lraste FAACE A EY Al
A9 #AoA intrinsic GTPaseZ #h&-3sled A EEA
# A X8 98 dtHChao et g/, 1999;
Donnelly and Massey, 1999; Riley et a/, 1997). 28]
w} gk o] Azt ofw 2ol o) AEslA wdy
A mutation=o] &Aoo 2 FAstEE A Al
s =Ho| BAEe] FYstE fudsich. AFBl 9
& S=9. rate] 7l K-ras genes] codon 12 ¥
N-ras gene codon 139 mutationo] B1EQ1, =3
AFB.& 2128 mouse lung celll % K-ras activation
o] golE it Donnelly and Massey, 1999).

7 B Eo]l 2 UAF syt ol EEtEAl e d
DHEA TEEY Ao Be 2t JoHHall and
Wild, 1994; Peers et al, 1987).0]% olZu}EAIE0)
THER M AEdve o <Y drEAE V2R
M & uf ofZebEAle] TRHYE A7 54 dN E =
‘datolel oF A sl tigh 1Al Kl HoF Al
7F Fasih wEbA] B AFAME 45F7Y ol EEEA
(AFB,, B, G, G)& 93] =3AY & AAAZES ]
ot A FH12, 24, 48 hrell W& AF W] /7]
A =48 Hretarat skl

WE U wy

SDAl 557% 43 SPF #=(Samtako Co.}& FE3l]
A7 e IkE & & A AT AEEE
2 FHThreeshine Co.JollA ARSSFA T

A 2 A}&(Samyangoilfeed Co.}& AL&-Zo] F]
k. A¥Ee F 1T R dixt, olEEEAl
Bi. By G B G, ¥l FRol thal z4zk 250, 1250,
2500 ug/kg(Wako Chemical Co. Ltd, Tokyo, Japan)
olm 13] HA3Fo 3t 7k groupd & = 9~10
ulgloln, olZElE412 dimethyl sulfoxide(DMSO)o
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§a43 T FR50 AL xA 5] Felshgick. of
Fehsal Fol F 0,12, 24, 48N 700 BES Bslw
149 FAS Z4D g AT AF W BR e
FABReH, dF 7F 23S RNA 2 DNA #2882
o oA Aol sl el Al IAE =

8-OHdG (=& 8-OxodG) ¥4 % RT-PCRel| AR

e
Eritey
Ha| =5 HAL

xRS AAste] WelzAes dEs g8l 10%
FAGFTEEEU 2407 o ZAste] dRbEd =
HAEHY e AA dAepEer wujslal, 3~4 um 77
2 2AHAE TrEo] HAE FAS sl FEnFeR
HAsA

8-Ox0dG ELISA &4

s 7tz ogREl DNA ¥#E DNAzol reagent
(GibcoBRL, Gaithersburg, MD, USA}E ©|&3lud. 7+
o] JHES 20 mM Tris-buffer 2 mi& ¥ #23} A
71 3 3,000xg(10 min, 4°C)2 Y4lELsaN. 7+ 5
ol 2 mlell 3 ml DNAzol reagentE 232 1 ml syringeg
ol-g&t] FA3}3E &, 15,000xg(10 min, 4°C)Z A&
sioith YaiEEst 3 A5As AojuiM AR F
Ho €37 100% cold ethanols 5% o] DNAE A
HAAIZTE. -20°CoflA 10~15%7F #X]g & 10,000xg
(15 min, 4°C)2 AAE#st, Hvt 7] dx2AR
&, 100% ethanol 1 mZ AW & AZAHT. 23
DNAZ Tris-HCl(pH 7.0) 350]32, 260 nmollA &3=
Z 2430, &5% DNAY FE2AFE gRls] ¢s)
A1 absorbance ratio(Ayg/Ax)?t 1.6~1.98] MLl =
== #eldt & digestionstAith. 10 mM Tris-HCH{pH
7.0) 200 W& DNA solution 100 ugel H2% 728
it 95°CollAl 382 wWAAIZL ¥, 25wl DNase
(100 U)k 0.6 M MgCl, 4 wE ¥l 37°CollA 1417k
RS AIAY 1l Nuclease P1{(5UE 100 uM ZnCl, 2
S B3 37°ColA 1AIRE 9REAIZL F 1l Alkaline
phosphatase(3 UYE ¥ tha] 37°ColA] 1417 HEg-A]
At

8-OxodG(EE 8-OHdG)®] #7482 8-OxodG ELISA
Kit(Japan Institute for the Control of Aging, Nikken
Foods Co., Japan}s ©]&3l¥tt. EF 8-OxodG £
(2000, 400, 80, 16, 3.2, 0.64 ng/m)@ F=H|E A5 50 pl
N Z}7] o2 welldl] ¥ A 13U % 50y we
F 37°CA Az REGAIHTE WHSER ¥ 7 welld]
wH-g-og WE AL, 200 ple] AR NS ol gohlint. 7l

AC)

&3 zF wellell A 23kA-&H 100 pi¥ B3 5 37°C
oA A7 §REAIFATE BHEE 5 welld]

= -2
2 uke wello] B35 Aol 3057F vReAIZl &,
dhegz)el 100 e 7kl S ARAAHG. FFEY 9

o
74 wrel FYe $XE UFHOE IY F, AU
3T

Ras wetRAAte] WHEM(RT-PCR)

o 7424E 5~10mg A2 24A A8 3 HAE
A2 FAANZ F 70°C ©)5tE WEEA sty Alg-st
At 7232 510 mgell lysis buffer(Bio Rad. Herculus,
CA, USA) 300~400 p& #71s+ ¥ homogenizers: ©|
g3t st @] 100 pie] SAHEN S
FA7¥e & 4°C, 13,000 rpmellA] 387F AAl2e Sl
AR F AFAE o] Kl &AA 300 plel
isopropanol& 7kt § NFgEFI F 4°C, 13,000
rpmollA 377 AaE sttt gl AASL 75%
oetg-gdoz AAHsI 4°C, 13,000 romelxd 127
AR T RNA DS 1587 AZA7T 50 pl]
RNA 81898 H7Igh 5 dalollA 307 i &,
RNAZ 1: 10022 3|43t 260 nm/280 nmellA &4
T=E 233lo] absorbance ratio(Aygy/Asg)’t 1.8~2.09
Mol =X gRlsisitt. DEPC A< 14 ul, dNTP
4 ul, DTT solution 2.5 pl, RNase Inhibitor(5 U, 10 U)
1w, Foreword primer(‘ras) 1 ul, Reverse primer{ras)
1 ul, RNA sample 2 utg mix 1, DEPC treated water
12 ul, 5XRT-PCR buffer 10 pl, Reverse transcriptase
200U 1 ul, Tag polymerase 56U 1~15ul mix 2, +
7Hx 9] mixE $ds] 42 F 50°Celx 308-7F wiekst
3, 4°CollM 687 g & tE ) 22 2iew S
FAA TS (polymerase chain reactionys AA3FF T
{Step 1 : 94°C for 4 min, Step 2 : 94°C for 30 sec,
Step 3 . 57°C for 30 sec, Step 4 : 72°C for 1 min
20 sec, Step 5 : go to step 2 with recycle 40, step
6 : hold at 4°C). TAE bufferg ©]83l9 1% agarose
gelol loading 3F3 Etidium bromide(2 pg/m! for
5min)Z FAsIATE ©]&H ras primer sequencex
Foreword primer: 5-TGGCG GAATA TATGC TGGTG-3
o]™, Reverse primer: 5-CTGTA CTGGT GGATG TCCTC-
3|t}

SH s 24

B AP de AR AR RAY &
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Table 1. The relative weight (%) of liver of rats treated with
aflatoxins

Dose Time course (h)
Treatment
(nalkg) 12 24 48
Control 0 - 52+0.50 -
250 53+007 48005 49+0.16
AFB, 1250 6.0+ 0.55 481020 4.8 +0.32
2500 46+011* 42+023* 47+0.19
250 50+£032 48045 47+0.19
AFB, 1250 51+022 51+0.31 47 +0.05
2500 49+023 471021 46+0.38
250 54+025 50+032 46+ 0.69
AFG, 1250 51+£032 461011 45+0.36
2500 48+006 461027 46+017*
250 50+£045 481016 46+0.20
AFG, 1250 48+030 481016 471045
2500 46+0.08* 50+0.11 55+0.77

Relative liver weight (%) was evaluated based on final body
weight.

*Significantly different from those of the control at p < 0.05.
Mean £ S.D. (n = 3).

Aol thet A B8 AR AFEHZE
Sigma statg o]g-3te] EA8IH T} R tish #2

5
48 p < 0.05914 Bonferroni ttestE AA| sk}
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dut g nE
ko] A st
Table 1942} 7ho] o} =215 B, B,, G, G,& T3
AT FoJs Y=o 7] ] FAG oAl Auky
o7 ol FEEAlS 7Hde] AURAE HarFod
AFB,9] JEx B & 12 ¥ 24*17L T FoA =l
HAHp < 0.05). AFGT IFE Fo] & 24 2 48K
A=tz vs] Fojet AAE RATHp < 0.05).
SHA, Kim et a/(2004) O%ﬂ%ﬁal 43 HIE Ed]
Zoll 7} AJuEALY 7
Ol%‘: H)\A)\‘:}j— H —5}93\‘:}'(“
3= 34 2V=A0] 9dt 7 X9 w}oﬂ 710934_ ﬁgg
At EU Ak 9ole Hast 4= gl

[

ELIESSERIET

Aoz opETEA R Fo he] ke
disks BF T 5 gd. okEaEA B, 3§
(2500 ngkgeld 78 2Hgelsty 2oz 7k
o] F¥HA{vacuolar degeneration), THA X5 I&H
¥ A A 7 AR (centrilobular hepatic
necrosis with inflammatory cell) $°] Z2= At (Fig.

B oo o
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Fig. 1. Histopathological change in the liver of rats treated with Aflatoxin B,. Centrilobular hepatic necrosis with inflammatory
cells are observed in the rat treated with aflatoxin B, at the doses of 250 (low), 1250 (medium), and 2500 (high) ng/kg body

weight (H&E, x100).
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ke
ot

Jlm
Of

8] age] AFB, Tt M EE A2F
3 Fat *—2.: L}EM on, 3 FHE FHET
gau}(ﬁg 1). AFB,°] AFB2 AFG,, AFG,°l Y|}
3 =49 Uede 8918 4= 190}, AFB,, AFG,,
ds kel A 7(}0] FHEA] &SkrHFg.
Klm et a/(2004}2 o} Z2ZFEA(AFB; AFB,, AFG,)9]
HHERe] ol H&E gAdolM T, =4y 3]
GSPM L] e, EHTGFCN 4
A 5o WHES WA 4 Tk HALES]
E]'(Klm et al, 2004). ¥ AFME @3 T T )
7ke] Wshe vekiAIR AFB,9] S fAte wskes &
e 5 3glen o tﬁi}% AF B ] AFB,, AFG, %
2 Azhdrt

L
N
)

_1

M

8-OxodG(DNA adduct)e] s}

AFB,9] @3] FolZolX 7be] 8-OxodGel A4, & 7+
] DNA adduct®@Ael olA dizwa} vlwsed 12 4
24M7k Fol wxdl whe Kol e Sk Boy
(p < 0.05), 48417k Foll= o] thzwe] £702 39
HAtHFig. 2). o|Ag A= ofEFetE4le Fof 3 A%
A 7+l DNA B7HE gAst oF 48A)17F o|uolA
AAFEoR DNAVE 80 B 2o Az AFB,,
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?§ % EAFBI-1250
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AFG,, @ AFG,® 7Z$ol= wxo) 93 W3l ¥ ol
A7kl W2 8-OxodGe] A4l gk &3 Hals
A% 4 gUTHFig. 2). 8-OxodGeE 1 AA|FCEE F

AEAo] om A2 base pairing(G=C)o] FXgko}
misparing=l71= AT Q1 basedl® FEFE
genedtdo] EA| kAU ¥4l Bo] HES f &
Hoj Eko o] A& &R DNA adduct®A] &t
7] AEZRAAZ 0182 F 3UFo] AAkE I HOtteneder
and Lutz, 1999; Shen er a/, 1995). ¥ Agx AFB,

Faol Mgtk Z7]o DNA adduct Aol &3 o|&EZ 0o
2 ‘/}FJr‘/} 8-OxodG7} AFB,2] A% 704t o] &0A12 A}
8 =7 F 9Les BAFT JUrh. 2 AFBS A%
=28 ’Z“%‘:Ol TEY et 54S UehiA &gtk 0}
Z52(AFB,, AFB,, AFG,)9] 45 wE. Fof Jow
OxodGe] W3h= EH&%OH Hel frold zpelE 10121
tom waba o] Ao ARG Al 549 WrtEe
851 ke Row ARHHKIm et al, 2004). Lee
et al(2004)= olZEREAIAFB,, AFB,, AFG,)®] A&
(250 pg/kg) 9 3 27] 8-OxodGe WHsls &2 J=
g, & A8 vie A A9E B30tHLee et al,
2004)2 AT AFGR ZASE e olEEtEAlE
Eo|g HsE & & it

4N &
<

QO Control
30 r
MAFB2-250
<C
g 50 MAFB2-1250
g’ BAFB2-2500
e
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ke]
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Time course (hr)
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Fig. 2. Time course changes of 8-OHdG levels in the liver of rats treated with aflatoxins B,, B,, G, and G,. ***Significantly dif-

ferent from the control at p <0.05 and p < 0.01, respectively.
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Fig. 3. The expression of ras mRNA in the liver of rats treated with aflatoxin B,(A), aflatoxin B,(B), aflatoxin G,(C), and afla-

toxin G,(D).

Ras SetR&x} waio] #i5}

AFB, 2%5%(1250 ughkg) 2 25w (2500 pgkg) S
oA ras oncogened] walo] thxe] oF F uj A=
o] o FUHEINtHRg. 3). 5% Foed LFk
T 7t fofsh Apolrt vrepA] edotth S5 59t
AIE% AFB, 29 7% Fo] & 48X77FK] mRNA
7t A fFAEAeH AR FEIg Apo)e HolR| ¢
UtHFig. 3). AFB, TS A3 AFB,, G, G, ¥4
+2 A fFM ras oncogene WHAEIF 238 of
7 2o S debst A Folv v

= 43¢ JaE JeRNX G3UtHFg. 3). AFB, F5%
o} TFEEE &3 T8 5 ra5 oncogened| BAo] &
o 24AZ7A] AEENLCH o= A4 7AlEe] 27] w
aHA ] T LT AR AZHEY. 13y FF
T FAEa 155 Fo2itol] f28 2|7} HolA| &
RO Hol o]= A% olite] &Pl ras oncogene
o] &X4o] g o) TR = WE o= HRY §d
& 1247k o)A olu] ras mRNAZ} Z71str] A&k
ZAoF Holm thA] A FEoR ZAHEA| o offe)
I AZFE & 4 gl E3E o] $ ras oncogene

activation®] mutation®] 73J+°]X]—E g g glem=a
o]] EHS]— 7].24 Aoz Fols] B QU g E]— AFB
At AFB,, G, G, FATL ras oncogeneol o 35\}
S LERR] eigtom g s 7k ABkEl AE =

i

mlo

o2

A& e ofEgol Ut A, Kim et a/(2004)
& 457y A E(10, 50, 250 pg/kg)ellAl AFB,, AFB, 2
G o] MEEAL Qa2 _4‘_%40]1]1: orok=|ulk  ra59]
Z7H w4E :2: HAT Busieiont, & dA-poae o
§1 Folo o3t ¥iglol= TOE S HAtHKIm et af,

2004). WA o]Edt s HE AE2E £F WHSHA
o] ojFn] ohFEEAS) WAANZAARA L A
o] AFAY Aoz Az}

Aoz B Aox SD @A=o|A AFB,, B,, G, ¥
G,5 ZHZ} 250, 1250, 2500 ugkg A=e &30z =
o3k F- 12, 24, 4877kl F-4ske DNA adduct?l 8-
OxodGe] A4 9 rase] Wwd-S 243t A3} AFB, &3
Fojo) oJ&] 8-OxodGY DNA adduct 8A4L 27] 24
AR & EHoZ =A YE O AFB,, AFG1
2 ARG ZAe= xR zto|7t flsle rase] 4
= AFB.o] Z$-qko] 1250 2 2500 ug/kg %Eoﬂ*ﬂ‘?}
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