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Abstract

Ochratoxin A (OA), a naturally occurring mycotoxin, has been known to cause renal and hepatic lesion in
human and animals. This study was carried out to investigate the modulation effects of antioxidant vitamins
on OA-induced lipid peroxidation associated with oxidative damage. Vitamin C (10 mg/kg/day) and vitamin
E (63.8 mg/kg/day) were administered by intraperitoneal (i.p.) injection to male ICR mice, and 1 hr later, OA
which was dissolved in 0.1 M NaHCO,, treated 4 mg/kg/day by i.p. injection. During 4 days repeated, and
then measured superoxide dismutase (SOD) activity, catalase activity and malondialdehyde (MDA) formation
in microsomes of liver and kidney. Additionally, the relationship between cell damage and modulation effects
of antioxidant vitamins was evaluated by comet assay. Results were as followed; i) SOD, catalase activity and
MDA level were significantly increased by OA treated, ii) SOD, catalase activity and MDA formation were
significantly decreased by antioxidant vitamins combine treated, iii) blood cell damage associated with lipid
peroxidation, induced by OA, also modulated by antioxidant vitamins. These results indicated that antioxidant
vitamins might be used for prevention of renal and hepatic damage due to ochratoxicosis.
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Ochratoxin A (OA):= Aspergillus ochraceus, Penicillium
viridicam o] Ak 23F AMMESR AAREA],
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Ochratoxin A (OA), vitamin C (VC), vitamin E (VE),
malondialdehyde (MDA, 1,1,3,3-tetramethoxy propane),
superoxide dimutase (SOD, from bovine liver, bovine
kidney), bovine serum albumin (BSA), thiobarbituric acid
(TBA), trichloroacetic acid (TCA), pyrogallol, diethyl-

enetriaminepentaacetic acid, triton X-100, dimethylsul-
foxide (DMSO), ethidium bromide, tris, sodium lauryl
sarcrosinate= Sigma A|E-& ARE-3}3] 1, protein assay
dye reagent+- Bio-Rad Co., disodium EDTA+ Kokusan
A|E, Ca™, Mg™ free phosphate buffered saline (PBS),
dulbecco's modified eagle's medium (DMEM)2- Gibco
A&, low melting point agarose gel (LMPA)E- FMC
AE-L, 1 #] sodium chloride, sodinm hydroxide $-&
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Table 1. Treatment of ICR mice with vitamin C and
vitamin E to assess its protective effects against ochrat-
oxin A toxidity

Intraperitoneally No. of

Group injected dose” animals
Control (C) A+AY 8
Ochratoxin A (OA) A+B 8
Ochratoxin A+Vitamin C (OA+VC) 4B 8
Ochratoxin A+Vitamin E (OA+VE) D+B 8

DA: 100 uL of 0.1 M Sodium bicarbonate solution, vehicle
control

B: 4 mg ochratoxin A/kg body weight/day

C: 10 mg vitamin C/kg body weight/day

D: 63.8 mg vitamin E/kg body weight/day

“Antioxidant vitamins and vehicle solution treated by ip.
injection 1 hr before ochratoxin A administration.

*The dosage is equivalent to the human therapeutic dose level



Ah§-2oll 4] Ochratoxin A2 4 ALSHA EA]el| digt dabsl wietnle) hsbatg 833

AAEA YL ARl A Hdstedend, 50 mL F
A1 & AHE3le] A712 PBS (0.1 M, pH 74)8 2%
Hgue o) Folate] WA AAD o, 2 A
A& AZ o] 27k PBSel| ©@r} Alejdyg cha)
AAZE F 2b FA, ARFAE A Al ARk
c}. Z+ A7) & Sul} 2Fe] phosphate buffer (0.1 M, pH
7.3)2 A3} A7) ¥ 3,000 g (top table centrifuge)T.
A Eelste] L AFNE 259 A=Ed AYE
Alsystsich

SOD ZAENEY

A& 1 mL& 23,000 g2 = u&9A £ 3k pyro-
gallol-& ©]-83} Stefan 52} ull © 2 bovine liver
% kidney superoxide dismutase (SODYE EF° 2 &
=} unit oA 38 $<2}k pyrogallol9} autoxidation®]
st AEE 420 nmellA EFF=AE S e 1 gt
& A3 AEske] 2 RS FAHE of
Aol sl sl BHEE THL

Catalase E4EAMES

KMnO. A& o]-4-§ Cohen ™2 ul 22 480
mmol A 2 FHEE 248t catalase B EF AHE
3lsdct. Catalase A T 12-5F HbAMd k2 &
e 4 glon 2 Ae ope} 2},

k=log(Sv/St) X 2.3/t

0:]7]/"‘ t+ ’ﬂ‘%/‘] 71_}.'(3%)‘3]1, Sox= Hzoz—q 257]%‘5,
St= H,0:2| ti# W 2] s x5 ov|ghch.
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Thiobarbituric acid& ©]£-§F Shah £®¢] v} & &
£-35te] MDA §=k& F3lod 214 iks A2 34
stedch =, A2 1 mLo 17.5% TCA 1 mL, 0.6%
TBA (pH 2) 1 mL-& H7}she] 100°Col A 1557 1k
SA7|aL Aol Y2sE F 70% TCAE 1 mLA7}
sfed W& Wb AIZ] A& 3,000 gellA] 1087 A4lE
25} AFSe] 4] MDATBA A& 534 nmoilA
F4=E 23} A5 MDA e AU
Ao 2 A% B MDAC(L,1,3,3-tetramethoxy propane)
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SOD$} catalase B3 =2] ¥43 MDAGERE mgeh
Walof gt e SR FAIE oA, 2 ALRY
sl 2] A ek2- Bio-Rad protein assay dye reagent®- ¢}

£5}o) 29shsict

Comet assay

o 10 uLE DMEM 1 mLol] 33}3 T ul x|
A EAsHA] 0.1% trypan blued JAF F
hemocytometer 2. Al &3l 2x 10¥mLE A X & %
A& ohE 6,000 gollA] 5% Bk WA Helsle] d
pellet-2- 0.5% low melting point agarose gel (LMPA)
50 pLell Eoj(embedding)A] A comet assay& $1%F A
52 AM-319l 3, Singh 59 ubyel] Faled AYS
A Astede}. &, 40°C2] 0.5% LMPA 150 pLE fully
frosted microscope slide $joll F7}s}s. 24 cover
glass& ol 5871 WA} Batslo] F8 gel=S utE
F cover glassE ®lZ|3 ZAFA)F] slide ol 2x10°
cell/50 uL LMPAR. F11El A 85 1 9ol "oy
cover glassE Hol 2 2Tollx F& 0, vix|eto g
200 LS| LMPAE %7}8bed cello] §H-4-51 gl =
2 3bgdr}. 2.5 M NaCl, 100 mM EDTA, 10 mM tris,
1% triton X-1002 ZA ¥ lysis buffer (pH 10)e)] slideE
@l A 27N 1A1ZHESE lysisAl DNA
2] double strandS ZFo] F31, t}A| slided A7|49%F
buffer (300 mM NaOH, 10 mM NaZEDTA, 0.1%
hydroxy qunoline)el] 20% A% w7} unwinding A}
% slideZ electrophoresis reservoir®] anode(+)Zol] vlj
o33} electrophoresis bufferg x-2th2 12 V, 250
MAE Al-&ollA] 4087 A7) 5-& A skt A7)
ol Fo] it & 0.4 M tris buffer (pH 7.5)0]] 584, 31
A Ak, 2 pL/mLE%2] ethidium bromide 2 #]-& <
Asled. 3P| o F 516~560 nm excitation filter,
590 nm barrier filtero| 4] 250~4000Y 2 -3b3)9dc)

EAXe]

Wz OA Fof g §4ts) vielgl E5F AL
olo] AFAE HFA e} FF AT ¥7)(mean+S.D.)
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stod BAIA ApolE St 7t o foAd p
<0.05 & p<0.01 $Fo|A] 2] 9] & H7}sieic).

g o

OA F0{7] AIE Y HV|FHo oz A8

OAE 7ot w9220 AFabz{ql &g ZA}3}
71 A AF, 2F g AR FAE ST Ao
Table 20|28} Zo] OA TE-FoF & 413} vjepq)
Hirod 25 A58 S/ 2% feAdlA(p<



834 A EFALE A A 319 A 35 (1999)

Table 2. Body and organ weight of mice treated with ochratoxin A alone and compound antioxidant vitamins

Experimental Body weight (g) Liver Kidney
group Before treatment Before dissectrion weight (g) weight (g)
C (8)" 24.30i 1.96% 29.85+2.08 1.87+0.35 0.471+0.06
OA (8) 23.48+1.51 23.58+1.25* 1.40+0.16 0.37+0.05
OA+VC (7) 23.54+1.37 25.11:+1.21* 1.49+0.13 0.42+0.06
OA+VE (8) 21.37+1.30 24.281-1.48* 1.53+0.15 0.44+0.03

YA number of mice in group.

“Mean+S.D. (standard deviation on the mean for number). C; 100 puL of 0.1 M sodium bicarbonate solution, vehicle control,
OA; 4 mg ochratoxin A/kg body weight (b.w.)/day, OA+VC; 10 mg vitamin C/kg b.w./day and 4 mg ochratoxin A/kg b.w./day,
OA+VE; 63.8 mg vitamin E/kg b.w./day and mg ochratoxin A/kg b.w./day.
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Fig. 1. SOD activity in the mice liver and kidney treated
with ochratoxin A alone and compound antioxidant
vitamins. C; 100 pL of 0.1 M sodium bicarbonate solution,
vehicle control, OA; 4 mg ochratoxin A/kg body weight
(b.w.)/day, OA+VC; 10 mg vitamin C/kg b.w./day and 4
mg ochratoxin A/kg b.w./day, OA+VE; 63.8 mg vitamin
E/kg b.w./day and 4 mg ochratoxin A/kg b.w./day. *Signifi-
cantly different from controls p<0.05. **Significantly dif-
ferent from controls p<0.01 ***Significantly different from
only ochratoxin A-treated mice p<0.05.
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291, OAL] T2 79, ZhollAl= 5.4+1.04, 4l
Aol A 15442322 AAA AT F71HE 24
t}. b VC Sod 4] zbz}k 8.3+0.82, 5.9+1.35, VE &
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Fig. 2. Catalase activity in the mice liver and kidney
treated with OA alone and compound antioxidant vita-
mins. C; 100 pL of 0.1 M sodium bicarbonate solution,
vehicle control, OA; 4 mg ochratoxin A/kg body weight
(b.w.yday, OA+VC; 10 mg vitamin C/kg b.w./day and 4
mg ochratoxin A/kg b.w./day, OA+VE; 63.8 mg vitamin
E/kg b.w./day and 4 mg ochratoxin A/kg b.w./day. *Sign-
ificantly different from controls p<0.05. **Significantly
different from controls p<0.01 ***Significantly different
from only ochratoxin A-treated mice p<0.05.

OA SF0{7} catalase Aol 0|x|= A&

AbshE dabell ofsl AJAI== hydrogen peroxide2]
AAE A3 AN WA= kst 5409 catalase 8
Aol vlA= OAS] 38} sh4ls) wiepule] AFE =
2ystgdel. 1 A9 Fig. 2014 Binle) 7he] djz2T-¢]
744, 7k3b A AollA) zbzb 26214 10.2 (k/mg protein),
175+549] A& B7, OA FoF 7% 42
343186, 232328 FoAHU(Ep<0.01) o5& Hal
uhg, VO] &3 S-S 291447, 73+12, VE &
3 2ote 204122, 4310424 8ALE wlelwle
Y 5ol o {24 UA AFE 2 (p<0.05)
£3], A& el 9] catalase B3 -& A3 7= A oE
epytct.

OA F0{7| X|ED}AStof D| x| Y
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Fig. 3. Malondialdehyde concentration in the mice liver
and kidney treated with OA alone and compound anti-
oxidant vitamins. C; 100 gL of 0.1 M sodium bicarbonate
solution, vehicle control, OA; 4 mg ochratoxin A/kg body
weight (b.w.)/day, OA+VC; 10 mg vitamin C/kg b.w./day
and 4 mg ochratoxin A/kg b.w./day, OA+VE; 63.8 mg
vitamin E/kg b.w./day and 4 mg ochratoxin A/kg b.w./day.
“*Gignificantly different from controls p<0.01 ***Sign-
ificantly different from only ochratoxin A-treated mice p
<0.05.
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Free radicalel] &J3} 714 £ARE 7] 45, AAlell o
3 Ak &S dE3E § Ue ETHAIEE comet
assay (single cell gel electrophoresisy® A A3} OA
7} ghel A E2] DNA $3oM 48 Fi= HE9)
a4k} nlebulel 2lg EAAs B3-S SUHoE
Warskc). oL A5 Fig. 4ol 4] Rinls o] OA &
E ZoFol| 4= DNAEALC R 91 DNA break 9]
°]*§'5]°1 Le]= 3 Ak (comet form) & & viepule Ak
" Az g s B 4 U, A3 vlEiRle) &
FEJ T B F DNA breakSo} A2 7= gskar
OATHE FoiFollA] M}t A ZEMNHEE A 8HA7]5=
A& B2 T 4 Ut 53] VE F4T A4
£ Aol o} vlsstAl AE &b Aol o) ﬂ %
33 A58 Bt

sl Abshal SAdel iR SUsH wlehmlel Siskeg 835

Fig. 4. Mouse whole blood cell processed single cell gel
electrophoresis for evaluation of DNA damage. A; 100
pL of 0.1 M sodium bicarbonate solution, vehicle control,
B; 4 mg ochratoxin A/kg body weight(b.w.)/day, C; 10
mg vitamin C/kg b.w./day and 4 mg ochratoxin A/kg b.w./
day, D; 63.8 mg vitamin E/kg b.w./day and 4 mg ochratoxin
Alkg b.w./day.
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SOD#} catalaset= glutathione peroxidase2} &7 o
EA ol R A zAtslel] it vle] AAERAM, 25 A
o) Al ¥xuty AL vl g o} £AF A
Aol] Z&3} superoxide radical (O ;- )] 2%+ =]3 =}
ArEl2- 2= synergistic set A2 ¥t} =, SODo)
2]3] O3 7} dismutation®]o] H,0,7} A €]9 catalase
7} BOE AAAZICE d4ks) vleuld 1 A7)
superoxide radical 22 Ajo] L2 SODo| 3] ¥.377|
& ehd®. i Fe(l43-& 53 VC AlglE
Al ARg-& SOD7} A8 % 3he, VC Y VE= 54
A NADPH 9}&4] A itslolle d3kE £ 5+ Y2
o2 &3l vlelnle] IHEe 050 AXSEe)
SOD % catalase®] Ao % o & Al 4= 9Ju}eh

E A% Ao e 0AL] whEFoddl 23] sl
SOD % catalase®] Ao} 3}Ats} nlelule] ol 2
3 o} F-2)4 (p<0.05) oA g Bt 53
AlAell= OA @EFoiTel vl 260% o4 74d
< vl gHaksl vletr]e] §of7} superoxide®] AAY
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N A &raksl wielul2 =2 x}HA|7} superoxide radical A2
AAe] 12 SOD4| el ¥27]5-5 vheta, F-Alel
superoxide®] A4l % ole] A ulE-& Altsl= Ao
2 Alzzlt) o] superoxide dismutase?] od k2ol
s AAEE HO2 AA A& 3l catalase®] &
AE oA e g Bl7] dfolnh o2 gl
A| A 7kste] ZHA (MDA ke #-24 gl Fha) ¥
Aol 4] A3tEw 2o ¥l fiey, 7k
olA1e] SOD 42 0AS] WFEHFoirre) thit F7}
Bl ek, oA eisivl B A¥e A= &
3] VE7} VCETL 2| #H413L AA|(MDA #A o A|) ¥
AE &bl ofg) We] Ao} o) S5 Vighed),
ol VEZ} Alxute] qlx]Ale] WSol Ealslgia 3
A A7) e} vl =3t =4 715§ 7RI phytyl side-
chain¥} 724 AL P BAe] sloma®,
Axet W] Bxsiauiabe] HAELE kA Ete] AlE
ote] Eadol]l gk W] 2Hgo] o] Holvhrka Abus
o} z28l3, VCE A4S Eishe @AAAEY
%84 quencher24 SAtsiA S 2p8-5le] AbsiA] of
Aol 213F 1A RA] ) ARAFE(electrophilic metabolite)2)
-G AAE}ar, F13BA Al 3K(nucleophilic property)el)
2]4 electrophilic radical®] &g Hlalishe H3-S 3}
o g4 ke elolgs A Aslka, 3" vitamin
EE AP 71 98L& 722 OAd] 2j’F 413hH
EAS A3tA e Ao Helcl

2 EE, OAd 2|7 23 29817} ole A% &

Zole] vlepn) ol U AabyYlAe] Gars} ulet
wle] AFE 0AL) AsHA el og WS oy
¥ 4 9e Aoz A gHe

2 o

+30] £49 ochratoxin A (OA)Y= FE3} Aol A
7 AR Ak Aol Als dEA Qirk &
AT Ak £45} Balo] oli= AR A AT
sloll ¥t aH4Es} njEbgle] stapatgol tisled a)s)
Sieh. 47 ICR wh-2el M]ER) C© (10 mgkg)e} ¥]e}
9] E (63.8 mgkg)ys B7} Foisl, & A7t Fo 0.1
M NaHCO.l 591 OAE 4 mg/kg/day?] &-2Fo) A
7} Fojsledct. 47k wbE-Ro] jF F ) A1)
microsome YH<] superoxide dismutase (SOD) 2! catalase
X3} malondialdehyde (MDA) 3438 &34315ic}. o}
€] comet assayl] &3] Al E2] £:4k3} 44kE} wlepl
2] <k3} 2hgofl ok FEA]-E olrsgict AAEL
7k} Al Aol Al 25 i) OAF-ofofl 2|8 SOD, catalase &
4 9 MDA 27} £-214 (p<0.05) JA F71315 1,
ii) 3FAts} wjelnl E£3F Foo 2]z OAel 23 SOD,
catalase &4 Y MDA 3j4Jo] f-214 9lA Asl=lgle
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