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Abstract

The objective of this study was to examine the effects of vitamin C on the formation of aflatoxin B; (AFB;)-DNA
adduct and AFB;-induing cellular oxidative damage in rat livers treated with radiation and AFB;. Six-week-old
male Sprague-Dawley rats were randomly divided into five groups: the control group, the AFBi-treated group,
the group treated with AFB; and vitamin C, the group treated with X-ray and AFB;, and the group treated with
X-ray and AFB; with vitamin C. On the first day of the experiment, only one dose of X-rays was exposed to
the entire liver at 1,500 c¢Gy. Next, vitamin C was injected at 10 mg/kg body weight via intraperitoneal injection,
followed an hour later by the administration of 0.4 mg/kg of AFB, via intraperitoneal injection. These treatments
were administered every three days for 15 days. On the 16th day, the animals were sacrificed. The AFB; contents
of the rat sera were determined via indirect competitive ELISA. In the quantitative analysis of AFB; in the rat
sera via ELISA, 5.17+0.34 ng/mL of AFB; was detected in the AFB;-treated groups, but the amount decreased
more significantly to 3.23+0.76 ng/mL in the groups treated with AFB; and vitamin C (p<0.01) than in the AFB;-treated
groups. The effect of vitamin C on AFB;-DNA adduct formation was determined via ELISA. The values of AFB;-DNA
adduct formation were 9.38+0.41 ng/ml in the AFB;-treated groups, but the amount decreased more significantly
to 5.28+0.32 ng/mL in the groups treated with AFB; and vitamin C (p<0.01) than in the AFB;-treated groups.
Immunohistochemistry revealed that the accumulation of the AFB; was not observed in the normal liver tissue
(G1). The AFB-positive materials were observed in the central vein and the portal vein of the liver tissue from
the AFB; (G2) treatment or the X-ray and AFB; (G4) co-treatment, but the AFB;-positive materials were observed
weakly in the group treated with vitamin C (G3 and G5). These results indicate that vitamin C had ameliorating
effects on the AFB; accumulation of liver tissue.
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free radicals #| A 3te] adduct®@ = A=A A171=(10) ¢4,
2184 gAFsAI91 a-tocopherol WA] 'O, quencherd] B
-carotene 52| A ABE F31L, quencher dismutaseo] T3+ H&
7% T g dikst 38 S Ueille o= deA
A TH(11,12). E=3F Vitamin C= prostagladin?} cytokine <]
A 24 T WeHy} dAlsH BlEw ¢t RSk
Altel] ZHEdsE] 59, AZuj7ig WY 5ol 444
T} gHch(13). FE3F Salmonella typhimuriumel] 4] AFB, &
ozt EAMolE x| Al7]M(14). Benedict S(15)
3-methyl-cholanthrene® 2|3l A]Z}¥ C3HI10T3Celle] &)
&4 WS vitamin C7} A= 2& Ago2 st
%31, Yasukawa 5(16)= vitamin C7} XA1-& ZAFgE A Eo
A FFEYE AT E e By = skt whek
AN FRE FHLE o= Felve AFEEY 75 AFB
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20+5C, & 55~60% S FAoH o aFr]e AAR
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A TE 57 Mm=6)2. 2 o] Table 17} o] #2] 3k
o} Xray A= A 717 W & 132 APARST)RE A
dol 2A}BIA AL Xaray ZAF 1A1ZF - vitamin CS o319
om vitamin C o] 1AIZF & AFB, & FoI31%
Vitamin C¢} AFB, & &5 &7}50](intraperitoneal
injection) = A E A& 197H 13] AlZste] 3| ghiA,
53] wha Fojaiglon ARAFE AMSTIEE T 159 R
stk 29l 1779] 7o guf<l DMSO 0.1 mL, 0.1
M NaHCO; 0.1 mLE &7 Folsiich 279 A9-= ok
8291 0.4 mgkg =9 0.1 mL AFB;, ¢ &ul 0.1 M
NaHCO; 0.1 mL Fo8tqlon, 335 230 gt 3Hiksh
HES] 392 H7] 98] vitamin CE 10 mg/kg2] F%=
Folgtal FAl 277} ko] AFB& Fo it 472
X-ray ZAF % 0.1 mL AFB, & 59 31901, 572 47
gk grksiulelnle] g3 Hr)9)8) Xray ZAF F 0.1

mL9| vitamin C¢} 52 AFB< ol 310tk A EE0]
Table 1. Treatments of experimental animal
Groups Content Injection dose ~ No. of animals

Gl DMSO + 0.1 M NaHCOs ath 6

(¢7] 0.1 M NaHCO3 + AFB; b+c 6

G3 AFB; + vitamin C c+d 6

G4 AFB; + X-ray b+c 6

G5 AFB; + X-ray + vitamin C c+d 6

a: 01 mL of DMSO b : 0.1 mL of 0.1 M NaHCO3
¢ : 04 mgkg of AFB; (=0.1 mL) d : 10 mg/kg of vitamin. C (=0.1 mL)
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Aflatoxin B19 & 3 U

3 Fo] 2F AFB,S ELISAY . & A &317] 95t
WA 2234 sees ST £ AFBi2 T
A2 9SA1FA ZF welle] A1 =5 ELISA reader 405 nm
o]/l 5% ¥ MPM softwareE ©]-8-3t] TS 24ds)

. okEd ®F AFBS 447 10, 50, 100 ng/mLZ 7%
24ol Q840w mol Ao B FAE REA
e FES Toa, BRAMY 58S Faah

ELISAd ofst AFB1 o Hzt

g3 5 AFB; 332 indirect competitive ELISAYH (20)=
o] &35t HABIYTtE. WA, AFB;-BSA(Bovine Serum
Albumin) conjugateE coating buffer(carbonate buffer, pH
9.6)°ll <54 microtiter platel] 100 pL(100 ng AFB; /well)%]

53 th3 4Coll A overnightdle] well coating A]71
xﬂ 24 93l (PBS-tween) .2 43] A|H3tdt} AlH
Ao H] FolAQl kg5 WR|sk] Sl ik SF-&
=91 1% BSAE 715t ovemight A7 & A2 & %%
(PBS-tween) &2 43] A|Halsich Al Ha plateol] FF
AFB, & E416 A2 30 )L 0 B A@UoN gl
B30 A Z A7} 28 AFB, A(AFI8)S 1:5000.2
3|4 atod 30 L wellell =4 staL 37ColA 1 AIRE BEEAIZ]
o}, Wkgo] £ plateEs A A& dFH o= 33] A H 5,
3] 218} 22} &) (anti-mouse IgG-HRP, 1: 4,000)2 100 (L
ol 37Cal|A] 30 & Whg & A|HE dFHo® 63] AlH st
9t} o371e] 7142 ABTS 100 1L%} 30% H0,2 H7}ste]
37°CoA 305 22A]7] 3 ELISA reader(Bio RAD model
550, USA)E 405 nmollA] EF =S =735t MPM software
(Bio RAD, version 4.0)5 ©|&3lo] XTEIAS A4Sl
AFB, §2 AlLtaiict.
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ZHM|IZE =3 9| AFB1-DNA adduct #&¢H

b 22 WellA AFBi# 371 4% DNA adducts &
o wA x4 WAFB S 4 FEE %57 95t
Gross 5(21)2] E2]%% el 2|3} phenol-chloroform %<
Algsict 1t —’7‘—"—}% A - SA] 70Tl Hasisitkt
22 100 mg & 1.2 mLe] digestion buffer(100 mM NaCl,
10 mM Tris. Cl 25 mM EDTA, 0.5% SDS, 0.1 mg/mL
proteinase K)& %3l F2]& Zolx| 50TellA 16713t F<F
shaking &}Sith 7)ol E#e] tris-saturated phenol:
chloroform: isoamyl(25:24:1)< 231 7Z3HA] wuksted 3,600
pm =2 4Tel|A] 108 B FAlEelste] A& 4A
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ol 1/10 volume®] 7.5 M ammonium acetateS 7} FA]
o 2.5812] 100% cold ethanol = DNA S FE&}3 T}
DNAE E9 7] 2 spool outd}e] 70% ethanol = A4 3}
Fom 2A17E FoF A2oflA] AR thS 200 1L PBS(pH
7.3)°l =] AFB;-DNA adduct 752 9]% DNA F& %
ELISA A& 5 913 7153 A 52 ARkt Aozl
AFB-N7-Gua-DNAF- 7} 2 B8] AFB, < AZ38l7] 98t
o Shen 5(22)¢] W2 7rEdlistith = 7] W
o] o]ate] E2ld DNA 100 pL o] 10 M HCI 1 uL H7}
F 70Cel 208 F<F F A3 th3 5M NaOH, 2 uL 2]
F3PhS-S R23 T Sep-Pak cartrigeS E3lo] HA| A7
om 7)ol W o g ELISA 23S e uj7hx] 20T
o Baatsich

b 22 WellA AFB] SAH = BEet
Miller 5(23)¢] ®Roll oato] AFB,ol tigk FAS
of W xAgt4 33 Aldsigith AFB,©] Fod tx
A5 FAHer HA T FA] 4% neutral buffered
paraformaldehyde(NBP, pH 7.2) 3} &< 14 3tith 1
BH e s28 2 2 AR B At 70% aleohol
oA FE 100% alcohol7HA] 242} 1AM ThA| A o 2 whks-
skl 23 SF3ATh Xyleneol| A 141714 33]9] T3S
AA vacuum ovenol| 4| 3A1Zt B wlEld A FE AT
Ao R A4S ¥t £ 5 ym FAR ASEAS e
ok AHE 222 gelatin® 2 Goj&F Safo] ol &9
T 42T 247] 9lelA 302 &<t LA g s 59
T xyleneoll 537 3 WHSAIA shepag ¢hds] A AA|
Z1 % alcohol seriesE A F3MAZh A4 HAHd
A5 G A o7 dnk daste] 229 o]} fFE
Ik ol Q1A Aol A2 s}t A S Al PSRt
0.1 M PBS= 5&3t 3¥ A% 3 § 0.3% H0,5 3023t
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304 Bt HREAIATE Serume 7] Fe] Hohd 11 2002
2 )443k 12} & (aflatoxin monoclonal antibody)E 74 2]
stod 4°Col|l A WA WHg-A1ZTE 0.1 M PBS®] 5% &<t 3%
< AlF 3 &, 23 g (biotinylated goat anti-mouse I1gG)E
BHAA ALl 1AIZE B AT, E RS e
2 AlH3 & ABC -2 (Avidin - Biotinylated horseradish
peroxidase macromolecular Complex Kit, Vector Lab, CA,
USA)OlA] IAZE g1t REGAIZTE ThA] 9] 2 Whio s
A2 F, 0.025% DAB(3,3‘~diaminobenzidine tetrahydrochloride,
D-5637, Ci;HuuN, + 4HCl, FW 360.1, Sigma), 0.07% NiCI2 -
6H;0, 0.003% H,0,E 41¢] &4 §h-g-2 Wolkrh WA o]
A2k DABE 0.1 M| PBS®} 410141 &3] =¢]aL, NiCl
2 - 6H0E Yol 42 % 3 MM paper® filtrationd} 3L A}
270 HOE BRlth B4 Al 7F A5 27 5ol

=3 & AFB; o BES 98 HYTNSEN Uy
7
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g met A& o2A At 2 e 55
A T o] 2RSS A el A BES T T
THA] 9o} 22 W o & A28k 3 alcohol seriesol] A
224 Besh IR aylene© 2 FREAE AH DT
5] 7 (Olympus BXS5, Tokyo, Japan) “golA]
sk W22 sheted A o] 4 E(stainability) = 7
AA 7} 242y gEete] 1 ARE SRS 2(0)E,
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=
okt AU (DR, T FE] A (+HE, A4S
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SAHA2
4 23 A= 2ETT FaA e AFUAR
#7|(mean+S.D.)stal o5 W FAAZE= SAS

(version 6.12 SAS Inc., Cary, NC, USA)E ©]|-8-3}°] one-way
ANOVARA & AR 5 Fol Aol Sle 2+

2 thaH 9] 32l Duncan (24)9] thE

ANl BAA Aol AESG 4 2ol Fel4
p<0.01FFoN A H 71315

20 ¥ o8

ZxFo| B, MolMHZ, MBEIIY, Molag
dzAe] B, A, AT, Aolags 5
ek A Table 29+ 2tk Pge] FAE Hxws £
g Aol 2l frel el Afole |idth AT S7HES
=3
=

2]
A ERIT)ETH= ML 24,57 9] 2lo] A2 2k}
AF a7} O FEAEIE.0m (p<0.01) E3] WAPAT} AFB,
7| A 2|3 4ol A] 2lo] A e} A 2o] I HLe Ao
2 Hol AJFEE 7] A Bedt ~Ey 27 1 9dolo

23S F o7 YL Park(25)E CCLE IHEAS &
WA 1FDE AL AHe) e R A A7)
4.0+0.4 liver/body weight(%)Q1 8] H|8te] Ald Tl A

Table 2. Liver weight, food intake, body weight gain and FER
of the rats fed the diet for 15 days

Groups” Liver weight (¢) Food intake (g) Body weight gain (2) FER” (%)

Gl 1L17£145™Y 28551£19.10" 499741255 0.18
@ 1193162 271272#2753  6091+10.76" 022
®3 1126092 260.48+1035" 55.20+8.09" 021
G4 12006092 20447+28.14° 12.40+4.65° 0.06
G5 11832076 216.76+23.92° 27.54+8,03° 0.12

"Treatments of animals are shown in detail on Table 1.

FER= [body weight increased during experimental period(g)total food intake
during experimental period (g)]x100.

INS: not significant at p<0.01.

“Values with different superscripts within the same column are significantly different
at p<0.0L.
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£ 4.5+0.3 liver/body weight(%) %7}l th B.a18}i T}
I3 Bannasch 5(26)2 FHA|E oF 27100 k2% 9] 44
Aol whet ghepstE WsrE doju 3o glycogent
Aol FH o7 el drA R It FA7F Sttt
SIATE & ATE Fd AolE B 5 gl oA
WA AL 52 AFB R = Qla) 7o) F2] 9 Bl
s7F dojyko vy 1 A=+ vu])shy vitamin C7} ZHA| 3
A v gtE JAA 7= Aol JS nE Zolgkn
Ay zre ).
#3o| ulERl Cof B
15¢ B AHSE & P9 vitamin C T8 33
A3} Table 3014 B nle} o] thzzol| vlsl] zF X2+
o] fo]A o' gkom(p<0.01) TS A &g Aol
A2l F24<l ztol= AR vitamin CE FoIdhA] 22
272t} vitamin CZ Fo13F 3, 5704 O] vitamin C 5%7}F
& 7ol Tt o] &= WA ZALS} AFB 4] Al vitamin
Col &5E HAA7NAY A Hgs SUrZ] o=
AZYE ) g g2t A9 Aol A e freHQl A
ol gl vitamin CE FoIdhA] 22 27 E.T} vitamin
2 Zod3l 3, 5704 T vitamin C %7} BA YebdTh
o] 3t A2 WAL AL} AFB, ol XAl 4ts}
stress® -89 Aol A free radicalo] @A H WA o]ol] th<
3ll vitamin C7} 71 A Wo] 2-gof] ARE-E]0](27) YA
o2 ARgo] goldS o At ey & ¥
= ] F AF A o]l g 253F 100 mg/100
AT FEor HFe g Bl Fg Im 7 Lee(28)9]
Aot A 300 mg/100 g AF FFo = I
vitamin C& 477t 47 FoI38 Lee 5(29)2] ATl =
i z7rol] Bla) @A) vitamin C F520] Frol& o2 ]3]
=ty Haudk Aoz Hol FoH vitamin C ¥, 713
9 T2 A Wy Sl et 1< W Aom A7t

drt.

[ex#)
ot
o

Table 3. Vitamin C concentration of the serum in each group

(mg/dL)

Vitamin C
Gl" 0.067£0.01”
¢)) 0.011£0.00°
&3 0.008+0.01°
G4 0.014+0.01°
G5 0.008+0.02°
p 0.000

"Treatments of animals are shown in detail on Table 1
Values with different superscripts within the same column are significantly
different at p<0.01.

2 = AFB19 I

AHE-gA 9] B4

Liu 5(19)9] W< Fu =z wapke-S A& ste] 34
o] gl it Sol S AEZE A, Table 40|42} 2]
AFB, 9] nAHHEAd0] 100% 2 YEFESH, Gy, Gyoll vt
wabgAd o] 24zt 23%, 16% 2 YERFAIRE 21 9] aflatoxin
B>, My, M, sterigmatocystinZ}+= BH&-"Jo] 72 gl= AL

L

Table 4. Cross activity of AFB; and analogues by indirected
competitive ELISA"

Analogues Cross reactivity (%)”
Aflatoxin B, 100
Aflatoxin B,

Aflatoxin G; 23
Aflatoxin G, 16
Aflatoxin M,

Aflatoxin M,

Sterigmatocystin

"Represents means of three duplicate trials.

PDefined as a ratio of the amounts of aflatoxin By required to give 50% inhibition
of maximal binding to the amount of test compound able to do the same (expresses
as a percentage).

Aflatoxin B8] ¥F A 2 35§ %

H B MM o)t A AFBIS] BEE =4sl7] 93t
o] 0.5 ng/mLelA] 500 ng/mLe] FE=WH Lo A] o] HHEo
EEIZAS A Fig. 13 2 EEFAS IS
ARG F= AFB, 9| 557} =oldd] wel oD#ke
7} Aoz grolA| = ZAgko 2 Yehte AP |
< HYr} o8 X AFBE 10,

2 GA o spikedto] A& FHAEZ
EFA eAA SRS Fola, Ao 3FES
T3t A7} Table 5914 ¢} 2] 76%-91% = VEFIT) o] =

fl

M
2
i
2
>
1o

K
HN
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2

off' oxl
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o
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0 05 1 5 10 50 100 500 1000
Aflatoxin Concentration(ppb)

Fig. 1. Indirect competitive ELISA standard curve for Aflatoxin B;



752

Table 5. Recovery rate of the AFB1 in serum after spiking of
AFB;

(ng/mL)
Coné;el;{)t;%ﬁon ,'\(Z%%Ibﬁm;lc)e cogczgctrtaet(iion ReCO\(J%I’g’ rate
(ppb)
10 0.41840.036 7.629 76
50 0.25610.052 44212 84
100 0.13840.054 91.094 91

"The standard curve originated in 0.5~500 ng/mL concentration of AFB; standard
and represent means duplicate trials.

A Foll SAlhs 547920l ELISAC &< mX Ao
= Ay ARB, A ol A £A17F §le Aow At
At

ELISAd| &3 ¥H F 2 AFB, &%

ool Nx HAAL EUYR EFH F9 AFB, IdFS
ELISAE =743 Z¥+= Table 63 2T} =, AFB, &%
Fo] gk 270 A& 5.17+0.34 ng/mLo] ] 21 23] vitamin

= 3 Tl 3ol A& 3234076 ng/mLE VFERY 2
o vlg| folHgoz oF 38% Adt S YERNSATH
g XA ZALeL AFB, W A2l 4752 5621044 ng/mL
o]l o 479 vitamin CE FJ 3+ 57| A= 4.8410.36
ng/mLEA 470l H]&f tha ZHAskl ot o] 2 <l Afo]
£ Atk o9k AR AT 2E Park 5(30)9] AFB S
£k $ vitamin EE 78t vh9-2~ @3 59| AFB, 2Ht
2 ELISA S o2 2Agt A3 g4siAlQl vitamin
EES Fogoz g4 3 AFB 9 Fo] asiditta Bu
gk vb Atk AFB& A/ AFRAIZE o ® ste
o] 43 =24l AA A ¥o] frEdoz dex AAA
o}, A&l 2} 2pu) AW A o] WS}, v 34 DNA 34,
A 7t EAE doA et A Fagh AR
A8t Jlo® delx FHG). Viamin C= 542

e

Table 6. Concentration of AFB; in serum and AFB1-DNA adduct
in liver

Groupsl) AFB, AFB;-DNA adduct

(ng/mL) (ng/mL)

(¢) 5.17+0.34™ 9.38+0.41"

G3 323+0.76" 528+0.3°

G4 5.62+0.45° 10.16+0.54®

G5 4.84+0.36" 8214031

F 701.33" 5447

P 0.001 0.001

"Treatments of animals are shown in detail on Table 1.

alues with different superscripts within the same column are significantly
different (ng/mL) among the groups by one way ANOVA. Each sample repeated
three times.
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et ol gt EAM o] W= (promutagen)©] AFsHA o
A RS A = 9lon 2kl 39 kA #-3l
3t 2}-7](free radical) S A A dle] F-4FE(adduct) A S
AAAN7I= RG22 DA Utk B3 in vitrool| A 24
AT xdeke AHreieZe] 84 quencher24 A&
St A S-S AA 7= SHE, A 84 AR a
-tocopherol W] 'O, quencher?! B-carotene 5o A4S
1L, quencher dismutase®l] 3t B.37])%5 5 72 g ik
st 29 Yehim(33,34) ol3 kst A A8
Aot ol 2} peroxidantZ %= 2H8-3tt}al Adlard 5(35)2

b=

RLAEA
el olsh 2ol B AR N E viemin C7} G4k}

2

| 241 2}8-8ke] o]t S e] A-EZ (promutagen)
o] AkskA diAb & Aslisk Absl g9l A ol A
gk 217 (free radical) & A Aste] A F2] AFB1Y
Fod 2 43S Ale Aew A4drt

Ho

N

ZHM=Zol M2l AFB1-DNA adduct2| &z

AFBl°] Fol® 7HH oA A E AFB;-DNA adductE
E2517] 98k 2 oA Table 63} 22 A= AA H)
th AFB, @5 T3k 270 A& 9.38+0.41 ng/mlo]| -
27 vitamin CE 7 F{ gk 370l A= 5.28+0.32 ng/mL
= Ueht 23] vl 9% 2 2(p<0.001) 44% & =9
AA e A B 5 Uk @9 XA 2ALSH AFB, HE
28] 8 472 10.16+0.54 ng/mLo] ] 2™ 479l vitamin C
2 T3l 5ol A & 821+031 ng/mLEA] 47ol] B]3] ThA
skl ot 192l ztol= iUtk AFB-DNA adduct
= AFB,2] Iedz IAHZ AGS /A 1 Utk A&
Q1 AFEo] A= Tt Stark(36)= AFB;©| Ak}
oA 89-epoxideE B3 ©] A2 DNAQ] nucleophilic
site2} 4171] binding 3l DNAF-7HA & RHEtha 819 o
T3 Essigmann(37)= AFB;< DNAC]|A] guanine residueS
FZA5F] A adducte] 90%°]dS AR = 52 adduct
9] 8,9-dihydro-9-hydroxy-(N7-guanyl) AFB, S %+E4 €T}
1 513t} o2 A FA¥ AFB,-DNA adducts target cell]
DNAOI| A promutagenic sitesE 3“3 A|7 malignant tumor<]
critical initiation step©. & ZH-g3&to] 7heFS el Ao
2 dEA AThR3). ollg 7o m WA kA9
AFB;-DNA adduct= tH-F°| 2,3-dihydro-2-N7-formyl-
2°,5’,6’-triamino-4’-0x0-N5- pyrimidyl-3-hydroxy AFBI1(AFB;-
FAPy)C & 1 gtx|o] 7t 22]of|A] % gkt ¢h Root(4)
T AFB/& 1LFEE WMy Fof A] AFB-DNA F-7}HA]7}
PA=lo] GGT YA & ARE AT (positive
preneoplastic foci)E 17 A|ZIth= AFB;-DNAF-7H| %
I} o A To) 8-7F o|FA 73kl thste] Haigh vl gl
B 23 0|A Aojzl AFB,-DNA H-7}1419] 3Hake AFB, &
= FodoMe 1 ekl EA YEgey o7
vitamin CE 7 T3t FollMe A3 1Ak



Effects of vitamin C on the formation of aflatoxin B1-DNA adduct in rat livers treated with radiation and aflatoxin B; 753

(p<0.001). ©]213+ A3} Shen S(38)9] &F ol 4ata}a)| <l
UE2 selenite 8 ppm= PHA= Eoll £3F Folalsle o
47 ©]F2 0 & AFB,-DNA binding®] 94| Ethe Bl
S} AT Schoenta(39) BHeh2 o = THakgh &<l
pyrrolizodine alkaloids, alkyl nitrosamines, 7,12-dimethylbenz
<a>anthracene, aflatoxin 5= A E4do] =W & ATE
A= Z-g-ettial 8L aflatoxin T AL AHE =
2,3 epoxide S AIAISIATE WG EAR0] 4 Al A A 2T
slo] o3l =¥ active oxygens, active free radical,
carbonyl compound 5©| mutagenic initiation ¥} promotion
Al HojsiH olwf F3pAQl PtstAzE AWl
oA eh= Mitsuwo2] B.3140)%= Ut} o]& ek Hao] wha}
& A3l A vitamin C7} 215 9] ZkA| oA AFB;-DNA
M9 A A A2 vitamin C7} AFB, 9] 24sel4
AL 291 Absh Sl Al frafigh A-R71E A A st
o] AFB: 77H @4 < AAANIIE $83 48E e
Aoz P7AAnt gt ksl G400 synergist =
A ZZ el AFBI epoxides XA 2 AJ3le] 4A&31HA]
st A Y o]l A A initiationZ} promotion®]]
A AFB; B2 <#)5to] AFB-DNA adduct® 7HAl7]E
Ao Aztdd). g XA 24 AFB, B A28 4
7 4] vitamin C& FI3 5wrhs frel 4l Aol S
& T Ileu v Aasisldh ol WAMI R AFB, Het
Aoz Agh 224 &4l opld Aow AZAHY oz
914 vitamin C| FeAol § 2718 Aoz AzEY).
H Viamin Co] §90l nhe 45 Fke] F7ld] U@
w=2ho] 91O B2(41) vitamin CS| §38 FAkah Fkol
U@ A7E Bed Ao AZ4E £ viamin CO)
Solo] W WAL 24} Al7te] wel AERE A} e
™ (42) WAL 2AF Bl SlojA B AellA = 139
LG A S ARSI o AA e s £ x
AFE Al HE £ AR ZAF Al vitamin C2
kst a7t o GA YeheA]ol| ek Hlud = Z ast
22} Azkeny,

2ol 7%
T AAH R AFB 9] F20] Al dojuA] @ i
AFB; FoliQl 2ol A= AFB 9] F20] S £
FRAM AU W22 8ot
E UEhY Table 79] 275 B AFB,©] FANEE-L tix
Tl 1M & 5 glaler ARB, Folwql 2ol =
FR ALY FHoR kel HEHS o TS
R M= ofgh Fukg-e B2 4 SU3Th 229 vitamin
CE &F Tl 3wolrle 2wl vls) FA = 904
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Table 7. Effect of vitamin C on Immunohistochemical staining”
in rats liver

Group dilution area 1 2 3 4
Cv - - - -
1:100
| PA - - - -
Ccv - - - -
1:200
PA - - - -
Ccv ++ + ++  ++
1:100
) PA + — — +
Ccv ++ ++ ++  ++
1:200
PA - + — +
cv ++  ++ +
1:100
; PA - - -
cv + + + ++
1:200
PA - - - -
Ccv ++ ++ ++ +
1:100
A PA - - - -
Ccv ++ ++ ++ +
1:200
PA - - - -
Ccv ++ + + +
1:100
5 PA + - - -
Ccv + + + +
1:200
PA - - - -

UImmunohistochemical staining of AFB; observed by two observers were represented
at (4), (+), (++), (+++). () negative reaction, (+): weak stainability, (+ +):
medium stainability, (+ =+ +): strong stainability, CV: central vein, PV: portal vein.
Gl: control group (no treated group), G2: AFB, -treated group, G3: the group treated
with AFB; and vitamin C, G4: the group treated with X-ray and AFB,, GS5: the
group treated with X-ray and AFB; with vitamin C.

Pkl ashgom BT gl

294 Qsieh WA AFB, B EAE T A4zl A

FAA TR0 AFB, B A2l% 273 W5 HE

PPN B 5 Ao FUFHAAE FYUS

2 Ae] Bl 2 4 Gk 42l viteamin CF £ Foial
2~

sTol e S FHA PSS BEE 5 9o
vitamin C Fofol| = &73ta Asle] 7hat &9 e o]
dsls & 4 gl AFB 9] g Rke-2 Alatol H]&)
R AAele A st 4= QIith o] A2 Rheal 52
o] Aol A AFBoll k=F § 24A1710] A= Bk Ag
dHed, x4, AEEST depson ol s A%
2 24A1ZF Hhel] BE 7oA Yelgthe B fARgH
Aol o Liu 543)2 AFB2 AF 3 Hd55 ¥
A A AR AR, B ] B BES, AE
o] Yeha 97 524 A3 i o3 Ale vt
Uehston A Al E5Ee] A7 E fEEna B
gk vl 9t} T3k ARB S 8lF ol Tl T 7| E ulAl 7R
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Fig. 2. Immunohistochemical localization of AFB; in the rats liver for 15 days (200X).
CV: central vein, PV: portal vein. GI: control group (no treated group), G2: AFB; -treated group, G3: the group treated with AFBI and vitamin C, G4: the group treated

with X-ray and AFBI, GS: the group treated with X-ray and AFB1 with vitamin C.

A5t AFB, o] 2417t Foll= 2HE pHEA] o 24174
< TH2E ARB 9| HHo] dojid As #ET 3l

T2 A A x| AEA o 17 E¥dh= A4
T UATFIL K 31(44)8H Be} o] E AFA =
T2A(GDOAA = HAAA o2 AFB,9] F4 0] A9
e WHA AFB, £ 7(G2)l- = F2 AFB <]
o] FAH W FHol|A dojytom Tl Hak op]
2t @& 77kl e A XM= FHE = Fds o
WAt 28y vitamin C £3F Fo7(G3)NAM = SA
W i Fe] 2 Aol XA FAE Fte
YeERATE o] A& 22 o] 29 AFB,©| vitamin
Fo 2 Qlate] Ag Al x5 JeldA 51 e As
Uehdth ol gt #ollA & wf A3z tigh vitamin C<J
akstAl Y] S 548 2 B AgS 7IdE ¢ lon,
Goeger 5(45)° st FA/| FofoA 3iksiAQ]
butylated hydroxyanisole(BHA)Z} (-naphthoflavone(BNF)
o] AFB;2] tAlel] n|X|&= J&Fo 2 7HA|Z DNA #7118
A3 o AT o gk ATF-E st o] AT Aol
o|31H, BHA® DNA #7188 2 o DA 2ol ks
n| 2 A] ¢F o1} BNFE DNA S7HdA S 7HAaA 7] o,
oF I & A A2 vehsitt o] 2] gk Aol A
e uhe} o] ksl o] FRel oste] &7 Ao
gekst 2ol 7t Qe Aoz ZhFE ) ek WAA L AFB,
HEA 2l gk Aol M= A T A AFB, ©EA
2 gk 277} H]S2gh o] FNgS A F ey
THFHAN = FIRESS AL ol & F gl A2
s A 5ot A e g3t olg Ao A7ty
P 5o sTeA e A
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e
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DNA #7149 897} A 3Ee] 4bslA &/ ot vitamin
Cel BIE AR flste] T ATh Xy 2AR= A
A71Z W & 13 2 A@AS713E 1960 24} 8H AL Xeray
ZAF % vitamin CE F0138}51 2™ vitamin C F 147t
3 AFB, < T3Stk Vitamin C9} AFBS 25 E75&
A2 AE A A 4R 13] Alzlste] 3Y0f| A, 53]
e Fon AEEE AMSTIEE F 15U R St
ELISAd| <Jgt 31F <] &3 Ul AFB, 7to] %+ AFB,
9= FojFo| A 5.17+0.34 ng/mLo| L} 7] el vitamin
C £3 FojoAE 32340.76 ngml7} AZH ATk 7HA
F9] AFB;-DNA adduct ¥5=E AFB, @5 FoloA &
9.38+ 0.41 ng/mLe|} o™ 27 vitamin CE A Fof 3k
3ol A E 528+ 032 ng/ml2 UERY 2320 H]&] f-2] %o
E(p<0001) 4% gk Fd= VERAITE e XA A}
o} AFB; W g 2] gk 43t H]&] 4| vitamin CE 5o gt
57l 834 U AFB, g} 7HH Z2] AFB-DNA adduct
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