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ABSTRACT

Fusarium toxins stable natural toxins produced by Fusarium species can appear in the
food chain. The aim of this in vitro study was to examine: 1. the effect of deoxynivalenol
(DON) treatment on the ability of rat ovarian cells to release insulin-like growth factor I (IGFI) and 2. a possible signaling pathway of cell apoptosis through selected markers (Bcl-2, Bax
and caspase-3) induced by this natural toxin. Rat ovarian fragments were incubated with DON
for 24h: 10, 100 and 1000 ng.ml-1, while the control group received no DON. The secretion of
IGF–I was determined by RIA and expression of antiapoptotic (Bcl-2) and proapoptotic (Bax
and caspase-3) proteins by Western-blotting analysis. IGF-I release by rat ovarian cells after
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DON addition was not significantly (P>0.05) stimulated (at the dose 10 ng.ml-1) and inhibited
(at the doses 100 and 1000 ng.ml-1) by the toxin. The impact of DON on the expression of
Bcl-2 (26 kDa), Bax (23 kDa) and caspase-3 (34 kDa) was found. Bcl-2 expression was
decreased and Bax and caspase-3 increased by DON treatment. In conclusion, our results
suggest a direct effect of DON on (1) ovarian functions, (2) mechanisms of proliferation and
apoptosis in rat ovarian cells through intracellular regulators: Bcl-2, Bax and caspase-3.
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INTRODUCTION

Mycotoxins as secondary metabolites produced by microfungi (Vasatkova et al.,
2009) are natural and very stable toxins (Schollenberger et al., 2007; Ranzenigo et al.,
2008), which can contaminate grains (Schollenberger et al., 2007; Ranzenigo et al., 2008),
grain cereals (Thammawong et al., 2011) and foodstuffs worldwide (Schollenberger et al.,
2007; Ranzenigo et al., 2008). Application of biological and biochemical silage additives
(Bíro et al., 2009a; Gálik et al., 2008) and chemical additives containing organic acids,
organic salts and inorganic salt was sufficient to inhibit mycotoxins formation (Biro et al.,
2009b). Mycotoxins produced by the Fusarium molds can cause a variety of human diseases
and economic losses in livestock (Bouaziz et al., 2009). Trichothecenes, such as
deoxynivalenol (DON), are the major mycotoxins of Fusarium species (D’Mello et al., 1999;
Larsen et al., 2004). The effect of fusarium toxins on reproductive functions was partly
reported in previous studies (Alm et al., 2002, 2006; Ranzenigo et al., 2008; Medvedova et
al., 2011). They inhibit oocyte maturation (Alm et al., 2002; 2006), protein synthesis (Rotter
et al., 1994), secretion activity and cell proliferation of porcine ovarian granulosa cells
(Medvedova et al., 2011). It is known that ovarian functions are regulated by some hormones
and growth factors such as insulin-like growth factor I (IGF-I), which through intracellular
regulators, affect secretion activity, proliferation and apoptosis (Kolesarova et al., 2010 a,b;
Kolesarova et al., 2011).
The aim of this in vitro study was to examine: 1. the effect of DON treatment on the
ability of rat ovarian cells to release growth factor IGF-I and 2. a possible signaling pathway
of cell apoptosis through selected markers (Bcl-2, Bax and caspase-3) induced by this natural
toxin.
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MATERIAL AND METHODS

Preparation, culture and processing of rat ovarian fragments

Ovaries were obtained from adult rats 4 months of age slaughtered by decapitation at
follicular stage of the ovarian cycle (determined by visual inspection of the ovaries) without
visible reproductive abnormalities. Decapitation was performed under ether anesthesia
according to EU and Slovak guidelines of performance animal experiments. Isolated ovaries
were transported to the laboratory in containers at 4ºC and washed in sterile physiological
solution. Thereafter ovaries were cut by razor blade into fragments approx. 2 mm size.
Ovarian fragments (n = 48) were washed in sterile DMEM/F12 1:1 medium (BioWhittaker™,
Verviers, Belgium) and incubated for 24h in culture plates (Nunc™, Roskilde, Denmark, 1
ml/well) in the same medium with 10% fetal calf serum (BioWhittaker™, Verviers, Belgium),
1% antibiotic–antimycotic solution (Sigma, St. Louis, Mo, USA), with or without DON
(Romer Labs Division Holding GmbH, Tulln, Austria) at the doses 10, 100 and 1000 ng.ml-1.
After 24h of culture the media from wells were aspirated and kept at -70ºC for RIA assay.
Ovarian fragments were lysed in sample buffer (2.5 ml 4x stacking gel buffer: 3.0 g Trisbase,
50 ml ddH2O, pH 6.8 + 4.0 ml 10% SDS, 2.0 ml glycerol, 2.0 mg bromophenol blue, ddH2O
to 10 ml) and subjected to 3 cycles of freezing (-18ºC) and thawing and 10 min of
centrifugation at 600xg in Eppendorf tubes to achieve cell lysis prior to electrophoresis and
Western blotting.

Immunoassay

Concentrations of IGF–I were determined in 25–100 µl incubation medium by RIA
using RIA kits (Immunotech SAS, Marseille Cedex, France) according to the manufacturer’s
instructions. RIA assay sensitivity for IGF-I was 2 ng.ml-1. Inter- and intra-assay coefficients
for variation did not exceed 6.8% and 6.3%, respectively.

Protein gel electrophoresis and immunoblotting

The expression of Bcl-2, Bax and caspase-3 in rat ovarian cells was evaluated by using
SDS-PAGE and Western immunoblotting, as described previously (Laemmli, 1970; Sirotkin
and Makarevich, 1999). Following electrophoresis, the samples were transferred to
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nitrocellulose membrane parablot NCP (Macherey–Nagel, Düren, Germany) for 1 h at 100V
using a mini trans-blot system (Bio-Rad Labs, Richmond, CA, USA). Endogenous peroxidase
in samples was quenched by incubation in 3% H2O2 for 15 min. Thereafter the membranes
were probed for 1 h with mouse monoclonal antibodies against Bcl-2, Bax and caspase-3
(dilution 1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and housekeeping protein
GAPDH (glyceraldehyde 3-phosphate dehydrogenase) (dilution 1:250; Santa Cruz
Biotechnology, Santa Cruz, CA, USA; not shown). These antisera were able to bind to
corresponding antigens of mouse, rat, human and Xenopus origin. Thereafter membranes
were washed for 15 min each in TTBS, incubated with secondary polyclonal goat antibodies
against mouse IgGs, labeled with horseradish peroxidase (dilution 1:1000; Sevac, Prague,
Czech Republic). The antibody was then washed off in TTBS and the immunoreactive bands
were visualized using the detection reagents Upstate Visualizer™ Western Blot (Temecula,
CA, USA) and exposed on ECL Hyper-film (Amersham International plc, Little Chalfont,
Bucks, UK). Molecular weight standards (molecular weight calibration kit 14.4 to 94 kDa,
Serva, Heidelberg, Germany) were run under the same conditions to identify the molecular
weight of detected protein bands. Incubation medium without cells with 10% bovine calf
serum was used as negative control.

Statistical Analysis
Each experimental group was represented by six culture wells of ovarian fragments
(n=48). Assay of the substances in incubation medium were performed in duplicate.
Significance of differences between the groups was evaluated by one-way ANOVA using
statistical software Sigma Plot 11.0 (Jandel, Corte Madera, USA). The data are expressed as
means ± SD. The data are expressed as means ± SEM. Differences were compared for
statistical significance at the P - level less than 0.05 (P<0.05).

RESULTS

IGF-I release by rat ovarian cells after DON addition was not significantly (P>0.05)
stimulated (at the dose 10 ng.ml-1) and inhibited (at the doses 100 and 1000 ng.ml-1) (Fig.1).
Ovarian fragments at the lowest dose of DON (10 ng.ml-1) released the highest concentration
of IGF-I in comparison to control. On the other hand, the highest dose of DON release of the
lowest concentration of IGF-I. Expression of anti-apoptotic (Bcl-2) and apoptotic (Bax and
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caspase-3) proteins were influenced by DON treatment (Fig.2). Bcl-2 expression was
decreased and expression of Bax and caspase-3 was incresed by DON treatment at all doses
(10, 100 and 1000 ng.ml-1).
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Figure 1. Percent changes in the effect of DON addition at the various doses on IGF-I release by rat
ovarian fragments for 24 h and possible signaling pathway of cell proliferation. Control represents
culture medium without DON; other groups represent culture medium with DON at the doses of 10,
-1
100 and 1000 ng.ml in well plates. Not significant (P>0.05) differences compared to control. RIA.

Figure 2. Expression of Bcl-2, Bax and caspase-3 in rat ovarian fragments after DON addition at the
various doses for 24 h and possible signalling pathway of cell apoptosis. Western blotting. (+)
stimulation, (-) inhibition.

DISCUSSION

The impact of DON addition on ovarian functions of rats is suggested in this study.
These data confirm previous reports concerning the influence of toxic substances on porcine
(Kolesarova et al., 2010a,b; Medvedova et al., 2011), rabbit (Shneidgenová et al., 2007;
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Roychoudhury and Massanyi, 2008), mice (Pestka, 2003; Amuzie et al., 2010) and human
(Stawarz et al., 2008; Pestka and Smolinski, 2005) cellular processes. IGF-I secretion by
porcine ovarian granulosa cells after DON treatment has been examined in previous studies
(Ranzenigo et al., 2008; Medvedova et al., 2011). In our study dose-dependent effect of
DON on the IGF-I release by rat ovarian fragments was found. Similar results were also
shown in previous study on porcine ovarian granulosa cells (Medvedova et al., 2011). On the
other hand, DON had inhibitory effects on IGF-I –induced steroid production and decreased
cell numbers at the dose of 1000 ng.ml-1 (Ranzenigo et al., 2008). Similarly IGF–I release by
porcine ovarian granulosa cells was inhibited by DON at the dose of 1000 ng.ml-1 but not at
10 and 100 ng.ml-1. Alm et al. (2002) recognized the most potent effect of DON on oocyte
maturation, significantly decreasing the proportion of oocytes reaching metaphase II at the
concentration of only 1.88 µM. According to our previous study we suggest dose-dependent
impact of DON on secretion activity of rat ovarian cells and possible signaling pathway of
cell proliferation through growth factor IGF-I (Fig. 1).
The expression of antiapoptotic (Bcl-2) and pro-apoptotic (Bax and caspase-3)
proteins were observed by DON addition at all doses (10, 100 and 1000 ng.ml-1). We have
found that Bcl-2 expression was reduced by DON treatment. On the other hand expression of
Bax and caspase-3 was increased by the toxin treatment. DON could induce apoptosis of
human gastric carcinoma cell line SGC-7901, BGC-823 cells in vitro in a dose-dependent
manner, and possible mechanisms may be increased formation of Bax-Bax homology dimer
and decreased formation of Bax-Bcl-2 dimer by up-regulation of the expression of Bax and
down-regulation of that Bcl-2 (Liu et al., 2009). In previous in vitro study RAW 264.7
murine macrophage cells treated with DON addition at the dose 250 ng.ml-1 expressed
markedly less BAX in cytoplasm than control cells (Zhou et al., 2005). In our previous study
expression of proapoptotic peptide caspase-3 was not influenced by DON treatment at the
doses 10, 100 and 1000 ng.ml-1 in porcine ovarian granulosa cells (Medvedova et al., 2011).
Another study has showed significant increase of caspase-3 in human chondrocytes after T–2
toxin treatment at the doses of 1, 10, 20 ng.ml-1 for 5 days (Chen et al., 2008). According to
our study apoptosis was significantly increased by DON at the dose of 1 µg.ml-1 in
lymphocytes (Malovrh et al., 2010). Our results suggest possible signalling pathway of cell
apoptosis through antiapoptotic (Bcl-2) and proapoptotic (Bax, caspase-3) proteins (Fig. 2).
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CONCLUSION

Mycotoxins, which are found in foodstuffs and feedstuffs, belong to natural toxins
which can affect the human and animal health. The alterations of endocrine activity might be
induced by the cellular stress. In conclusion, our results suggest a direct effect of DON on (1)
ovarian functions, (2) mechanisms of proliferation and apoptosis in rat ovarian cells through
intracellular regulators: Bcl-2, Bax and caspase-3.

Acknowledgments: The authors are thankful to Romer Labs Division Holding GmbH, Tulln,
Austria for providing mycotoxins and colleagues from the Institute for Genetics and
Reproduction of Farm Animals, Animal Production Research Centre Nitra, particularly to
Mrs. Katarina Tothova and Ing. Zofia Kuklova for their skillful technical assistance. This
work was financially supported by VEGA scientific grant no. 1/0790/11 and 1/0084/12.

REFERENCES

ALM, H. - GREISING, T. - BRUSSOW, K.-P. - TORNER, H. - TIEMANN, U. 2002. The
influence of the mycotoxins deoxynivalenol and zearalenol on in vitro maturation of pig
oocytes and in vitro culture of pig zygotes. In Toxicology in Vitro, vol. 16, 2002, no. 6, p.
643-648.
ALM, H. - BRÜSSOW, K.P. - TORNER, H. - VANSELOW, J. - TOMEK, W. - DÄNICKE,
S. - TIEMANN, U. 2006. Influence of Fusarium-toxin contaminated feed on initial quality
and meiotic competence of gilt oocytes. In Reproductive Toxicology, vol. 22, 2006, p. 44-50.
AMUZIE, CH.J. - PESTKA, J.J. 2010. Suppression of Insulin-Like Growth Factor AcidLabile Subunit Expression—A Novel Mechanism for Deoxynivalenol-Induced Growth
Retardation. In Toxicological Sciences, vol. 113, 2010, no.2, p.412–421.
BIRO, D. - GALIK, B. - JURACEK, M. - SIMKO, M. - STRAKOVA, E. - MICHALKOVA,
J. - GYÖNGOVA, E. 2009a. Effect of biological and biochemical silage additives on final
nutritive, hygienic and fermentation characteristics of ensiled high moisture crimped corn. In
Acta Veterinaria Brno., vol. 78, 2009a, p. 691–698.
BIRO, D. - JURACEK, M. - KACANIOVA, M. - SIMKO, M. - GALIK, B. MICHALKOVA, J. - GYONGYOVA, E. 2009b. Occurence of microscopic fungi and
mycotoxins in conserved high moisture corn from Slovakia. In Annals of Agricultural and
Environmental Medicine, vol. 16, 2009b, p. 227-232.

329

JMBFS / Kolesarová et al. 2011/12 : 1 (3) 323-332

BOUAZIZ, C. - MARTEL, C. - SHARAF EL DEIN, O. - ABID-ESSEFI, S. – BRENNER,
C. – LEMAIRE, C. – BACHA, H. 2009. Fusarial toxin-induced toxicity in cultured cells and
in isolated mitochondria involves PTPC-dependent activation of the mitochondrial pathway of
apoptosis. In Toxicological Sciences, vol. 110, 2009, no. 2, p. 363-75
CHEN, J.H. - CAO, J.L. - CHU, Y.L. - WANG, Z.L. - YANG, Z.T. - WANG, H.L. 2008. T-2
toxin-induced apoptosis involving Fas, p53, Bcl-xL, Bcl-2, Bax and caspase-3 signaling
pathways in human chondrocytes. In Journal of Zhejiand University Science B., vol. 9, 2008,
no. 6, p. 455-463.
D’MELLO, J.P.F. - PLACINTA, C.M. - MACDONALD, A.M.C. 1999. Fusarium
mycotoxins: a review of global implications dor animal health, welfare and productivity. In
Animal Feed Science and Technology, vol. 80, 1999, p. 183-205.
GALIK, B. - BIRO, D. - JURACEK, M. - SIMKO, M. - MICHALKOVA, J. - GYÖNGOVA,
E. - TASKA, M. 2008, Effect of silage additives on elimination of mycotoxin contamination
of alfalfa silage. In Acta fytotechnica et zootechnica, vol. 11, 2008, no. 2, p. 42–44.
GIRAUD, F. - PASQUALI, M. - EL JARROUDI, M. - VRANCKEN, C. - BROCHOT, C. COCCO, E. - HOFFMANN, L. - DELFOSSE, P. - BOHN, T. 2010. Fusarium head blight and
associated mycotoxin occurrence on winter wheat in Luxembourg in 2007/2008. In Food
Additives and Contaminants. Part A, Chemistry. Analysis Control Exposure

Risk

Assessment., vol. 26, 2010, p. 1–11.
KOLESÁROVÁ, A. - CAPCAROVÁ, M. - SIROTKIN, A. - MEDVEĎOVÁ, M. KOVÁČIK, J. 2010a. Cobalt-induced changes the IGF-I and progesterone release, expression
of proliferation- and apoptosis-related peptides in porcine ovarian granulosa cells in vitro. In
Journal of Environmental Science Health Part A, vol. 42, 2010a, no. 7, p. 810-817.
KOLESÁROVÁ, A. - ROYCHOUDHURY, S. - SLIVKOVÁ, J. - SIROTKIN, A.V. CAPCAROVÁ, M. - MASSÁNYI, P. 2010b. In vitro study on the effect of lead and mercury
on porcine ovarian granulosa cells. In Journal of Environmental Science and Health Part. A,
vol. 45, 2010, no. 3, p. 320–331, ISSN 1093-4529.
KOLESAROVA, A. – CAPCAROVA, M. - SIROTKIN, A.V. - MEDVEDOVA, M. –
KOVACIK, J. 2011. In vitro assessment of silver effect on porcine ovarian granulosa cells. In
Journal of Trace Elements in Medicine and Biology. vol. 25, 2011, no.3, 166-170.
LAEMMLI, U.K. 1970. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. In Nature, vol. 227, 1970, p. 680-685.
LARSEN, J.C. - HUNT, J. - PERRIN, I. - RUCKENBAUER, P. 2004. Workshop on
trichothecenes with a focus on DON: summary report. In Toxicology Letters, vol. 153, 2004,

330

JMBFS / Kolesarová et al. 2011/12 : 1 (3) 323-332

no. 1, p. 1–22.
LIU, J. - XING, X. - XING, L. - ZHOU, B. 2009. Effects of deoxynivalenol on apoptosis of
human gastric carcinoma cell line SGC-7901, BGC-823 in vitro. In Wei Sheng Yan Jiu., vol.
38, 2009, no. 4, p.408-12.
MALOVRH, T. and JAKOVAC-STRAJN, B. 2010. Feed contaminated with Fusarium toxins
alter lymphocyte proliferation and apoptosis in primiparous sows during the perinatal period.
In Food and Chemical Toxicology, vol. 48, 2010, no. 10, p. 2907-2912, ISSN 0278-6915.
MEDVEĎOVÁ, M. - KOLESÁROVÁ, A. - CAPCAROVÁ, M. - LABUDA, R. SIROTKIN, A.V. - KOVÁČIK, J. - BULLA, J. 2011. The effect of deoxynivalenol on the
secretory activity, proliferation and apoptosis of porcine ovarian granulosa cells in vitro. In
Journal of Environmental Science and Health Part B, vol. 46, 2011, no. 3, pp. 213-9.
PESTKA, J.J. 2003. Deoxynivalenol-induced IgA production and IgA nephropathy-aberrant
mucosal immune response with systemic repercussions. In Toxicology Letters, vol. 140-141,
2003, p. 287–295.
PESTKA, J.J. - SMOLINSKI, A.T. 2005. Deoxynivalenol: toxicology and potential effects on
humans. In Journal of Toxicology and Environmental Health Part B: Critical Reviews. vol.
8, 2005, no. 1, p. 39–69.
RANZENIGO, G. - CALONI, F. - CREMONESI, F. - AAD, P.Y. - SPICER, L.J. 2008.
Effects of Fusarium mycotoxins on steroid production by porcine granulosa cells. In Animal
Reproduction Science, vol. 107, 2008, no. 1-2, p. 115-130.
ROTTER, B.A. - THOMPSON, B. K. - ROTTER, R.G. 1994. Optimization of the mouse
bioassay for deoxynivalenol as an alternative to large animal studies. In Bulletin of
Environmental Contamination and Toxicology, vol. 54, 1994, no. 5, p. 642-647.
ROYCHOUDHURY, S. - MASSANYI, P. 2008. In vitro copper inhibition of the rabbit
spermatozoa motility. In Journal of Environmental Science and Health. Part A Toxic
Hazardous Substances and Environmental Engineering, vol. 43, 2008, no. 6, p. 651-656.
SCHNEIDGENOVÁ, M. - KALAFOVÁ, A. - CHRENEK, P. - MASSÁNYI, P. - LUKÁČ,
N. 2007. Mobility and concentration rabbit spermatozoa evaluation after experimental nickel
and zinc administration. In Risk factor of food chain, Nitra : SPU, 2007, p. 98-102, ISBN 97880-8069-948-2.
SCHOLLENBERGER, M. -. MULLER, H.M. - RUFLE, M. - TERRY-JARA, H. - SUCHY,
S. - PLANK, S. - DROCHNER, W. 2007. Natural occurrence of Fusarium toxins in soy food
marketed in Germany. In International Journal of Food Microbiology., vol. 113, 2007, p.
142–146.

331

JMBFS / Kolesarová et al. 2011/12 : 1 (3) 323-332

SIROTKIN, A.V. AND MAKAREVICH, A.V. 1999. GH regulates secretory activity and
apoptosis in cultured bovine granulosa cells through the activation of the cAMP/protein
kinase A system. In Journal of Endocrinology, vol. 163, 1999, p. 317-327.
STAWARZ, R. - FORMICKI, G. - ZAKRZEWSKI, M. - RYŚ, J. - ROZMUS, M. 2009.
Distribution of Heavy Metals and Trace Elements in Human Breast Cancer Tissues and in
Adjacent Normal Tissues of Women in Poland. In Fresenius Environmental Bulletin, vol. 18,
2009, p. 182-188.
THAMMAWONG, M. - OKADOME, H. - SHIINA, T. - NAKAGAWA, H. NAGASHIMA, H. - NAKAJIMA, T. - KUSHIRO, M. 2011. Distinct Distribution of
Deoxynivalenol, Nivalenol, and Ergosterol in Fusarium-infected Japanese Soft Red Winter
Wheat Milling Fractions. In Mycopathologia., [in press]
TIEMANN, U. - TOMEK, W. - SCHNEIDER, F. - VANSELOW, J. 2003. Effects of the
mycotoxins alpha- and beta-zearalenol on regulation of progesterone synthesis in cultured
granulosa cells from porcine ovaries. In Reproductive Toxicology, vol. 17, 2003, no. 16, p.
673-681.
VASATKOVA, A. - KRIZOVA, S. - ADAM, V. - ZEMAN, L. - KIZEK, R. 2009. Changes
in metallothionein level in rat hepatic tissue after administration of natural mouldy wheat. In
International Journal of Molecular Science, vol. 10, 2009, no. 3, p. 1138-1160.
ZHOU, H.R. - ISLAM, Z.- PESTKA, J.J. 2005. Induction of Competing Apoptotic and
Survival Signaling Pathways in the Macrophage by the Ribotoxic Trichothecene
Deoxynivalenol. In Toxicological Sciences, vol. 87, 2005, no. 1, p. 113–122.

332

