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The involvement of oxidative stress in ochratoxin A
and fumonisin B, toxicity in rats

Ana-Marija Domijan, Maja Peraica, Ana Lucié Vrdoljak, Bozica Radié, Vilim Zlender
and Radovan Fuchs

Unit of Toxicology, Institute for Medical Research and Occupational Health, Zagreb, Croatia

The aim of this study was to find out whether very low doses of nephrotoxic and hepatotoxic myco-
toxins ochratoxin A (OTA) and fumonisin B, (FB,) induce oxidative stress in rat kidney and liver and
whether their effect is synergistic. Rats were treated orally with OTA (5 ng/kg b.w. and 50 ng/kg b.w.)
and FB; (200 ng/kg b.w. and 50 pg/kg b.w.), or their combinations. Malondialdehyde (MDA) and pro-
tein carbonyls (PCs) concentration in kidney was affected with lower dose of OTA than in liver (p <
0.05). FB, did not affect MDA and PCs concentrations in the liver, while in the kidney both FB, doses
increased MDA concentration (p < 0.05). The combination of the lower doses of OTA + FB, increased
the MDA and PCs concentration both in the liver and the kidney, compared to controls and animals
treated with respective doses of mycotoxins (p < 0.05). The combinations of mycotoxins reduced the
catalase activity only in the kidney when compared to controls (p < 0.05). In contrast to the increased
kidney concentrations of MDA and PCs even with very low doses of OTA and FB,, the activity of
catalase and SOD does not change. Combinations of OTA + FB, affected almost all parameters,

which indicates their potential to produce oxidative damage.
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1 Introduction

Ochratoxin A (OTA) and fumonisin B, (FB,) are the most
toxic and the most common derivatives of the respective
families of mycotoxins. They are both nephrotoxic and hep-
atotoxic, but the mechanism of their toxicity is not fully
understood.

However, it is known that OTA inhibits protein synthesis
[1], disturbs mitochondrial respiration [2] and causes the
increase of lipid peroxidation [3]. OTA is nephrotoxic in all
animal species tested and is believed to be involved in the
etiology of endemic nephropathy (EN) [4, 5]. OTA is also
hepatotoxic, immunosuppressive, genotoxic, and carcino-
genic [6]. Although OTA may cause urothelial tumors,
which are very frequent in region with EN, the International
Agency for Research on Cancer (IARC) has classified it in
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Group 2B (potentially carcinogen for humans) due to a lack
of epidemiological evidence [7].

The main mechanism of FB; toxicity is the perturbation
of sphingolipid metabolism due to the structural similarity
of FB, and sphingoid bases [8]. It is also shown that FB,;
increases lipid peroxidation in rat liver and primary rat hep-
atocytes [9]. The target organs and toxicity of FB, are spe-
cies- and sex-specific. Thus FB; causes leukoencephaloma-
lacia in horses, pulmonary edema in pigs, and it is nephro-
toxic and hepatotoxic in laboratory rodents. The main target
organ of FB, toxicity in rats is the kidney, while in mice it is
the liver [4]. Renal carcinogenicity of FB; is more pro-
nounced in male rats and liver carcinogenicity in female
mice [10]. IARC classified FB; in the same group as OTA
(Group 2B) [11].

Humans are exposed to OTA and FB; all over the world,
mostly through ingestion of contaminated food. Respective
OTA and FB,; were found in 37 and 100% of maize samples
collected in Croatian maize producing counties [12]. The
mean OTA and FB; concentrations in positive samples were
1.47 + 0.38 and 459.8 + 310.7 ug/kg, respectively. Several
studies found OTA in higher concentrations or more fre-
quently in samples of food collected from endemic than from
nonendemic regions [13, 14]. In a two-year follow-up of
OTA and FB, contamination of maize, Jurjevi¢ et al. [15] did
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not find significant difference in FB; contamination of
maize, but in 1997 OTA concentration was much higher in
samples collected from the endemic region than in control
regions.

The estimated mean daily intake of OTA and FB; in the
European-type diet ranges from 0.7 to 4.7 and 200 ng/kg
b.w., respectively [16, 4]. These doses are considered not to
be harmful to humans. The aim of this study was to find out
whether these doses of OTA and FB, could cause oxidative
damage of proteins and lipids and whether they inhibited
antioxidative enzymes in the kidney and liver of experimen-
tal animals. We also wanted to see whether a combination of
both mycotoxins increased parameters of oxidative damage.

2 Materials and methods

2.1 Chemicals

Mycotoxins OTA and FB, (98% purity), guanidine hydro-
chloride, 1,1,3,3-tetramethoxypropane, superoxide dismu-
tase (SOD), nitrilotriacetic acid, and Na,EDTA were pur-
chased from Sigma Chemicals (St. Louis, MO, USA). All
other chemicals were from Kemika (Zagreb, Croatia) and
were of pro analysi grade.

2.2 Animal study

Adult male Wistar rats (190 g of weight) were kept in mac-
rolone cages, were fed on a standard diet for laboratory
rodents (Pliva, Zagreb), and had free access to water. The
rats were randomized into ten groups of six animals.

OTA and FB, were dissolved in 51 mM NaHCO;
(pH 7.4), and given orally once a day.

Two groups of animals were treated with OTA (5 ng/kg
b.w. and 50 pg/kg b.w., respectively) for 15 days.

Two groups of animals were treated with FB; (200 ng/kg
b.w. and 50 pg/kg b.w., respectively) for 5 days.

Three groups of animals were treated with OTA for
15 days and with FB, for the last 5 days of OTA treatment.
The doses were 5 ng of OTA/kg b.w. + 200 ng of FB/kg
b.w. for the first group, 5 ng of OTA/kg b.w. + 50 mg of
FB,/kg b.w. for the second group, and 50 ug of OTA/kg
b.w. + 50 pg of FB/kg b.w. for the third group.

Control groups were given 10 mL/kg b.w. of solvent
(51 mM NaHCOs, pH 7.4) or redistilled water for 15 days.
Positive controls were given a single dose of ferric nitrilotria-
cetate (Fe-NTA, 15 mg Fe/kgb.w., 1.p.), which is known to be
a potent oxidant and renal carcinogen. This group of animals
was sacrificed by cervical dislocation, 4 h after treatment.

All other animals were sacrificed 24 h after the last dose.
Kidneys and liver were collected on ice, washed in saline
(0.9% NaCl), and frozen (—80°C) until analyzed.

The principles of good laboratory animal care were fol-
lowed throughout as well as the Croatian Animal Welfare
Act. The Institute's Ethical Committee approved the study.
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2.3 Markers of oxidative stress

Liver and kidney tissue homogenates (10%) were prepared
in chilled 0.05 M potassium phosphate buffer (pH 7.4). The
Na,EDTA (3 mM) was added to the phosphate buffer to
prevent further oxidative damage. Part of homogenates
were immediately centrifuged at 4°C and 10000 x g for
15 min to obtain a supernatant for enzyme determination.

The concentration of malondialdehyde (MDA ) was meas-
ured in liver and kidney homogenates spectrophotometri-
cally at 532 nm, using the method of Drury et al. [17]. The
concentrations were determined using standard curves of
MDA and results expressed as nmol MDA/mg of proteins.

Protein carbonyl (PC) content was determined in liver
and kidney homogenates by measuring the reactivity of car-
bonyl groups with 2,4-dinitrophenylhydrazine (2,4-DNPH)
as described earlier [18]. PC concentration was determined
from the absorbance at 370 nm, applying the molar extinc-
tion coefficient of 22.0/mM/cm. The results were expressed
as nmol of 2,4-DNPH bound to a milligram of protein.

Catalase activity was measured in the supernatant of the
same liver and kidney tissue homogenates according to
Aebi [19] at 240 nm, 25°C, and pH 7.0. It was calculated
using the molar extinction coefficient (43.6/mM/cm).

The catalytic activity of SOD in liver and kidney super-
natants was measured according to Flohé and Otting [20]
spectrophotometrically measuring the increase of absorb-
ance at 550 nm. The concentration was determined using a
calibration curve prepared from SOD standards.

The protein concentration was determined according to
Bradford [21].

2.4 Statistics

Differences in biochemical parameters (MDA, PCs, and
catalytic activity of catalase and SOD) between control and
treated animals and between different treatments were
tested with the Student's t-test for independent samples
using Statistica 5.0.

Probability values of p < 0.05 were considered statisti-
cally significant.

3 Results

During the experiment, there were no changes in body and
kidney weight of OTA, FB,, and OTA + FB,-treated rats as
compared to the negative control group treated with
NaHCO:;.

Kidney and liver concentrations of MDA and PCs as well
as the catalytic activity of catalase and SOD were signifi-
cantly different between positive (Fe-NTA-treated) and
negative controls (Tables 1 and 2) (p < 0.05).

The concentration of MDA was significantly higher in
the liver and kidney when the higher OTA dose was applied
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Table 1. Concentrations of MDA, PCs, and activity of catalase and SOD in the liver of rats treated with OTA (15 days) and FB;
(5 days) alone and in combination

Treatment MDA PC Catalase SOD
(nmol/mg proteins) (nmol/mg proteins) (mM/mg protiens) (mM/mg proteins)

Controls, rewater 1.03:0.04 1.01 +0.04 2.96 +0.14 56.55 + 3.87

Controls, NaHCO; 1.00 + 0.03 0.99 = 0.04 2.89:0.26 57.20 +4.17

Controls, Fe-NTA 1.34+0.079 1.36+0.07% 2.57 +0.299 48.89 + 3.129

5ng OTA/kg b.w. 1.02 + 0.02 1.04 = 0.02 2.80+0.10 56.91 + 3.70

50 mg OTA/kg b.w. 1.21 +0.06*? 1.13+0.03*? 2.77+0.21 56.23 +1.20

200 ng FBi/kg b.w. 1.01+0.03 0.99=+0.03 3.02:0.19 55.41 + 6.50

50 mg FBi/kg b.w. 1.01+0.03 1.00 = 0.05 3.04:0.19 58.45 + 2.65

5ng OTA/kgb.w. + 200 ng 1.12+0.06%°" 1.10+0.05%¢" 2.78+0.13 56.27 + 3.22

FBi/kg b.w.

5ng OTA/kgb.w. + 50 ug 1.17 £0.04229 1.29 + 0.06% %" 2.83:0.22 56.16 = 3.48

FBi/kg b.w.

50 mg OTA/kg b.w. + 50 pug 1.29 +0.08240 1.55 + 0.05% e 2.82:0.17 52.15+3.74

FBi/kg b.w.

a) Different from two negative controls (p < 0.05).

b) Different from OTA (5 ng/kg b.w.) or FB, (200 ng/kg b.w.) (p < 0.05).

c) Different from the OTA + FB; (5 + 200 ng/kg b.w.) (p < 0.05).

d) Different from the OTA + FB; (5 ng/kg b.w. + 50 mg/kg b.w.) (p < 0.05).

e) Different from the corresponding dose of OTA (p < 0.05).

=)

) Different from the corresponding dose of FB; (p < 0.05).

Table 2. Concentrations of MDA, PCs, and activity of catalase and SOD in the kidney of rats treated with OTA (15 days) and FB;
(5 days) alone and in combination

Treatment MDA PC Catalase SOD
(nmol/mg proteins) (nmol/mg proteins) (mM/mg proteins) (mM/mg proteins)

Controls, rewater 1.07 = 0.08 1.04:0.10 0.95+0.08 5417 +4.17

Controls, NaHCO5 1.12+0.12 1.08 =+ 0.06 0.92 +0.07 54.23 +4.30

Controls, Fe-NTA 2.00:0.15% 1.70:0.14% 0.65 +0.09? 43.51 +5.00?

5ng OTA/kg b.w. 1.26+0.07% 1.39:0.21% 0.92 +0.08 56.38 + 5.28

50 mg OTA/kg b.w. 1.62 + 0.052? 1.37+0.09% 0.94 +0.07 52.38 + 2.80

200 ng FB1/kgb.w. 1.61+0.112 1.26+0.05% 0.92 +0.08 56.31 £ 3.90

50 mg FBi/kg b.w. 1.53+0.10% 1.57 +0.16*? 0.95 + 0.06 53.69 £ 4.70

5ng OTA/kg b.w. + 200 ng 1.25+0.05% 1.62 +0.08*°" 0.85+0.06% 52.99 + 5.00

FB1/kg b.w.

5ng OTA/kgb.w. + 50 ug 1.81 +0.052%¢" 1.59+0.07% 0.75 = 0.08% 49 51.53+5.23

FB1/kg b.w.

50 mg OTA/kg b.w. + 50 pug 1.72+0.122¢9 2.17 = 0.242.cd.e0) 0.82+0.1129 50.28 + 3.67

FB1/kg b.w.

a) Different from two negative controls (p < 0.05).

b) Different from OTA (5 ng/kg b.w.) or FB; (200 ng/kg b.w.) (p < 0.05).

c) Different from the OTA + FB; (5 ng/kg b.w. + 200 ng/kg b.w.) (p < 0.05).

d) Different from the OTA + FB; (5 ng/kg b.w. + 50 mg/kg b.w.) (p < 0.05).

e) Different from the corresponding dose of OTA (p < 0.05).

=)
=

Different from the corresponding dose of FB; (p <0.05).

(Tables 1 and 2) (p < 0.05). In the kidney, however, this
effect was obtained even with the lower dose. The kidney
was also affected by FB;, judging by the significant
increase in MDA concentration (Table 2) (p < 0.05). The
combination of the lower doses of OTA + FB, increased the
MDA concentration in both the liver and kidney, as com-
pared to controls. MDA concentration in the liver of ani-
mals treated with both mycotoxins was higher than when
the same doses of OTA and FB, were given separately
(Table 1) (» < 0.05).

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

These mycotoxins had similar effects on PCs concentra-
tions. Namely, the kidney was more susceptible to OTA and
FB, toxicity, and the concentration of PCs in the liver and
kidney of rats treated with the combination of the lower
doses of OTA + FB,; was higher than in rats treated with
OTA or FB, alone (Tables 1 and 2) (p < 0.05).

The activity of catalase and SOD was not reduced in
either organ when mycotoxins were applied alone (Tables 1
and 2). However, the combination of the lower doses of
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OTA + FB; significantly reduced the catalase activity in
kidney as compared to controls (Table 2) (p <0.05).

4 Discussion

Male rats are more susceptible to OTA and FB, carcinoge-
nicity than female, and the kidney is the main target organ
[6, 10]. In our experiment, male rats were treated with OTA
for 15 days and with FB, for 5 days because of the differen-
ces in toxicokinetics properties and exposure period needed
for the expression of their toxicity [4].

It is known that OTA causes peroxidation of lipids in
experimental animals and in cell cultures [3, 22, 23]. How-
ever, Gautier et al. [24] did not find any increase in lipid
peroxidation using kidney, liver, and plasma MDA concen-
tration as its markers in rats receiving a single oral dose
(0.3, 1, and 2 mg/kg b.w., respectively) and sacrificed 4, 8,
24, and 48 h afterwards. The lack of the effects of OTA on
MDA concentration was probably due to the application of
low doses. Daily doses of 250 pg OTA/kg b.w. given for
1 month in one study or of 120 pug OTA/kg b.w. given for
2 months in another led to a significant increase in kidney
MDA concentration [25, 26]. Increased MDA concentra-
tion was seen in the liver after 1 month of dosing with either
of 250 or 289 ng OTA/kg b.w./day [25, 27]. Our study has
confirmed this OTA effect on MDA concentration in both
the kidney and the liver. However, it seems that the rat kid-
ney is more sensitive to OTA, because its effects were
observed after 15 days of treatment with a dose as low as
5 ng of OTA/kg b.w.

An increase in MDA concentration due to exposure to
FB, was reported on various cultured cells (Vero Cells, pri-
mary rat hepatocytes, green monkey kidney cells, glioblas-
toma cells, mouse embryo fibroblasts, porcine kidney cells)
[9, 28—31]. The only available study on the effects of FB,
on MDA in vivo showed a significant, dose-related increase
in MDA in the liver of rats fed with FB,-contaminated feed
for 21 days [9]. These results cannot be directly compared
with our results, because the two studies differed in the way
of exposure (contaminated feed vs. gavage) and the length
of treatment (21 vs. 5 days). Although neither dose of FB,
applied in our study caused an increase in MDA concentra-
tion in the liver, its kidney concentration increased signifi-
cantly.

Apart from lipids, possible major target of oxidative
damage are proteins that can be transformed into PCs. The
effect of OTA and FB; on the concentration of PCs either in
cell cultures or in laboratory animals was not studied until
now. The effect of OTA and FB, on PC concentration in the
kidney and liver was similar to their effect on MDA concen-
tration, indicating that proteins are also more susceptible to
oxidative lesions in the kidney than in the liver.

The activities of antioxidative enzymes catalase and
SOD decrease in the presence of pro-oxidants. Studies on
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OTA effects on catalase and SOD activity in rat liver and
kidney are not conclusive. Namely, Soyoz et al. [27] found
no decrease in liver catalase or SOD activity after 1 month
of OTA (289 ng/kg b.w.) treatment, while Meki and Hus-
sein [25] found a significant decrease in the activity of both
enzymes both in the liver and the kidney, using a slightly
lower dose (250 pg/kg) for the same amount of time. In
another study, kidney SOD activity decreased in rats receiv-
ing oral doses of 120 pg OTA/kg for 60 days [26]. With
lower OTA doses and shorter treatment period, we did not
obtain any effect on the activity of these enzymes either in
the liver or in the kidney.

The single available study of FB, effects on SOD and cat-
alase activity was performed in vitro with pig kidney cells
(LLC-PK,) [32]. The activity of both enzymes did not
change after 24 h of exposure to 50 uM FB,. In our study,
the liver and kidney activity of SOD and catalase also did
not change.

This is the first report on the combined effects of OTA
and FB, on the concentrations of MDA and PCs as well as
on catalase and SOD activities. Although the lowest doses
of OTA and FB, given separately did not increase the con-
centration of MDA and PCs in the liver, their combination
produced a significant effect. In the kidney, even the lowest
OTA and FB; doses increased MDA and PC concentration,
but their combination further increased only the PC concen-
tration. Liver or kidney catalase and SOD activity were not
affected by separate OTA or FB, treatment, and their combi-
nation decreased only the catalase activity in rat kidney.

Our results show that some parameters of oxidative
stress, such as MDA and PC in the kidney, can be affected
even with very low doses of nephrotoxic mycotoxins that
humans in Europe are exposed to. The antioxidative
enzyme catalase is affected in the kidney only when both
mycotoxins are applied simultaneously. In general simulta-
neous exposure to OTA and FB, affected the measured
parameters indicating their potential in producing oxidative
damage.

We wish to thank Mrs. Marija Kramaric, Mrs. Mirjana Mat-
asin, and Mrs. Jasna Milekovic for technical assistance.
This work was financially supported by the Ministry of Sci-
ence, Education and Sports of the Republic of Croatia
(grant no. 022-0222148-2142).

5 References

[1] Creppy, E. E., Roschenthaler, R., Dirheimer, G., Inhibition of
protein synthesis in mice by ochratoxin A and its prevention
by phenylalanine, Food Chem. Toxicol. 1984, 22, 883 —886.

[2] Aleo, M. D., Wyatt, R. D., Schellmann, R. G., Mitochondrial
dysfunction is an early event in ochratoxin A but not oospor-
ein toxicity to rats’ renal proximal tubules, Toxicol. Appl.
Pharmacol. 1991, 107, 73 —80.

www.mnf-journal.com



Mol. Nutr. Food Res. 2007, 51, 1147—-1151

(3]

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Omar, R. F, Hasinoff, B. B., Megjilla, F., Rahimtula, A. D.,
Mechanism of ochratoxin A stimulated lipid peroxidation,
Biochem. Pharmacol. 1990, 40, 1183 —1191.

WHO Food Additives Series, Volume 47: Safety Evaluation
of Certain Mycotoxins in Food, IPCS, Geneva, Switzerland
2001.

Pfohl-Leszkowicz, A., Manderville, R. A., Ochratoxin A:
And overview on toxicity and carcinogenicity in animals and
humans, Mol. Nutr. Food Res. 2007, 51, 61—-69.

Boorman, G. (Ed.), NTP technical report on the toxicology
and carcinogenesis studies of ochratoxin A (Cas No. 303-47-
9) in F344/N rats (gavage studies). NIH Publication No. 89-
2813. U. S. Department of Health and Human Services,
National Institutes of Heath, Research Triangle Park, NC
1989.

IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans, Volume 56: Some Naturally Occurring Substan-
ces: Food Items and Constituents, Heterocyclic Aromatic
Amines and Mycotoxins, IARC, Lyon, France 1993.

Merill, A. H., Jr.,, Wang, E., Gilchrist, D. G., Riley, R. T, in:
Bell, R. M., Hannun, Y. A., Merill, A. H., Jr. (Eds.), Advances
in Lipid Research: Sphingolipids and Their Metabolites, Aca-
demic Press, San Diego 1993, pp. 215-234.

Abel, S., Gelderblom, W. C. A., Oxidative damage and fumo-
nisin B;-induced toxicity in primary rat hepatocytes and rat
liver in vivo, Toxicology 1998, 131,121-131.

NTP technical report on the toxicology and carcinogenesis
studies of fumonisin B; (CAS No. 116355-83-0) in F344/N
Rats and B6C3F1 Mice (feed studies). NIH Publication No.
99-3955. U.S. Department of Health and Human Service,
National Institutes of Health, Research Triangle Park, NC
1999.

IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans, Volume 82: Some Traditional Herbal Medicines,
Some Mycotoxins, Naphthalene and Styrene, IARC, Lyon,
France 2002.

Domijan, A.-M., Peraica, M., Jurjevic, Z., vi¢, D., Cvjet-
kovi¢, B., Fumonisin B,, fumonisin B,, zearalenone and
ochratoxin A contamination of maize in Croatia, Food Addit.
Contam. 2005, 22, 677—681.

Petkova-Bocharova, T., Castegnaro, M., Michelon, J., Maru,
V, in: Castegnaro, M., Plestina, R., Dirheimer, G., Cherno-
zemsky, I. N., Bartsch, H. (Eds.), Mycotoxins, Endemic
Nephropathy and Urinary Tract Tumours, IARC Scientific
publications No. 115, Lyon, France 1991, pp. 83—87.

Puntari¢, D., Bosnir, J., Smit, Z., Skes, 1., Baklai¢, Z., Ochra-
toxin A in corn and wheat: geographical association with
endemic nephropathy, Croat. Med. J. 2001, 42, 175-180.

Jurjevié, Z., Solfrizzo, M., Cvjetkovi¢, B., Avantaggiato, G.,
Visconti, A., Ochratoxin A and fumonisins (B; and B,) in
maize from Balkan nephropathy endemic and non endemic
areas of Croatia, Mycotox. Res. 1999, 15, 67—280.

Zepnik, H., Volkel, W., Dekant, W., Toxicokinetics of the
mycotoxins ochratoxin A in F 344 rats after oral administra-
tion, Toxicol. Appl. Pharmacol. 2003, 192,36—44.

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

[17]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

(23]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

Drury, J. A., Nycyk, J. A., Cooke, R. W. 1., Comparison of uri-
nary and plasma malondialdehyde in preterm infants, Clin.
Chim. Acta. 1997, 263, 177—185.

Mercier, Y., Gatellier, P., Renerre, M., Lipid and protein oxi-
dation in vitro, and antioxidant potential in meat from Charo-
lais cows finished on pasture or mixed diet, Meat Sci. 2004,
66,467-173.

Aebi, H., Catalase in vitro, Methods Enzymol. 1984, 105,
121-126.

Flohé, L., Otting, F., Superoxide dismutase assays, Methods
Enzymol. 1971, 105,93—104.

Bradford, M. M., A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the princi-
ple of protein-dye binding, Anal. Biochem. 1976, 72, 248 —
254.

Rahimtula, A. D., Bereziat, J. C., Bussachini-Griot, V.,
Bartsch, H., Lipid peroxidation as a possible cause of ochra-
toxin A toxicity, Biochem. Pharmacol. 1988, 37, 4469—-4477.

Baudrimont, 1., Ahouandjivo, R., Creppy, E. E., Prevention of
lipid peroxidation induced by ochratoxin A in Vero cells in
culture by several agents, Chem. Biol. Interact. 1997, 104,
29-40.

Gautier, J. C., Holzhaeuser, D., Markovic, J., Gremaud, E. et
al., Oxidative damage and stress response from ochratoxin A
exposure in rats, Free Radic. Biol. Med. 2001, 30, 1089—
1098.

Meki, A.-R. M. A., Hussein, A. A. A., Melatonin reduces oxi-
dative stress induced by ochratoxin A in rat liver and kidney,
Comp. Biochem. Physiol. Part C 2001, 130,305-313.

Petrik, J., Zanié-Grubigié, T., Barisié, K., Pepeljnjak, S. et al.,
Apoptosis and oxidative stress induced by ochratoxin A in rat
kidney, Arch. Toxicol. 2003, 77, 685—693.

Soyoz, M., Ozcelik, N., Kilinc, 1., Altunatas, 1., The effects of
ochratoxin A on lipid peroxidation and antioxidant enzymes:
A protective role of melatonin, Cell Biol. Toxicol. 2004, 20,
212-219.

Abado-Becognee, K., Mobio, T. A., Ennamany, R., Fleurat-
Lessard, F, et al., Cytotoxicity of fumonisin B,: Implication
of lipid peroxidation and inhibition of protein and DNA syn-
thesis, Arch. Toxicol. 1998, 72,233-236.

Stockmann-Juvala, H., Mikkola, J., Naarala, J., Loikkanen, J.
et al., Fumonisin B;-induced toxicity and oxidative damage
in U-118MG glioblastoma cells, Toxicology 2004, 202, 173 —
183.

Mobio, T., Tavan, E., Baudrimont, 1., Anane, R., ef al., Com-
parative study of the toxic effects of fumonisin B, in rat C6
glioma cells and p53-null mouse embryo fibroblasts, 7oxicol-
0gy 2003, 183,65-75.

Segvic Klari¢, M., Pepeljnjak, S., Domijan, A. M., Petrik, J.,
Lipid peroxidation and glutathione levels in porcine kidney
PK15 cells after individual and combined treatment with
fumonisin B;, beauvericin and ochratoxin A, Basic Clin.
Pharmacol. Toxicol. 2006, 100, 157—164.

Kang, Y. J., Alexander, J. M., Alterations of the glutathione
redox cycle status in fumonisin B,-treated pig kidney cells, J.
Biochem. Toxicol. 1996, 11, 121—-126.

www.mnf-journal.com




