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Summary

T-2 toxin and its metabolite HT-2 toxin are one of the most toxic
mycotoxins of type A-trichothecenes, which are produced mainly
by Fusarium species. Therefore, study of Fusarium toxins
T-2 toxin and HT-2 toxin is an essential issue because they could
also play role in failures of reproductive functions as well as
endocrine system of domestic animals. Assessment of the effect
of A-trichothecene mycotoxin HT-2 toxin alone or combined with
insulin-like growth factor (IGF-I), leptin and ghrelin on estradiol
secretion by rabbit ovarian fragments /n vitro was done. Rabbit
ovarian fragments were incubated without (control group) or
with HT-2 toxin, or its combinations with IGF-I, leptin and ghrelin
at various concentrations for 24 h. Secretion of 173-estradiol was
determined by ELISA. Firstly, HT-2 toxin at the doses 10 and
100 ng.ml?, but not at 1ng.mli’ decreased 17p-estradiol
secretion by ovarian fragments. Secondly, 17B-estradiol secretion
was not affected by HT-2 toxin exposure combined with growth
IGF-1,
In conclusion, HT-2 toxin has potent direct dose-dependent

factor metabolic hormones leptin and ghrelin.
effects on ovarian steroidogenesis in rabbits. These direct effects
of HT-2 mycotoxin on ovarian steroidogenesis could impact

negatively on the reproductive performance of rabbits.
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Fusarium mycotoxins such as trichothecenes
occur on a worldwide basis in cereal grains, animal feeds
(McNamee et al. 2017).
mycotoxins have a great impact on ovarian functions
of pigs (Ranzenigo et al. 2008, Caloni et al. 2009,
Medvedova et al. 2011, Kolesarova et al. 2012,
Maruniakova et al. 2014, Halenar et al. 2015) and rabbits
(Maruniakova et al. 2015). The influence of trichothecene

and forages Fusarium

mycotoxin, such as T2 toxin and its metabolite
HT-2

(Maruniakova et al.

on porcine ovarian granulosa cells
2014) and rabbit
(Maruniakova et al. 2015) focused on the processes of

toxin,
fragments

steroidogenesis was described in the previous studies.
HT-2 toxin is a primary metabolite in the gut and is
absorbed into the blood after ingestion of T-2 toxin.
Metabolism continues in the liver (with biliary excretion),
resulting in a substantial, combined first-pass effect in the
gut and liver (Canady et al. 2010). Not only these toxins
but also their plant metabolites may contribute to
toxicological effects (Meng-Reiterer et al. 2016). The
toxic effects of T-2 toxin and its metabolite HT-2 toxin
could not be differentiated, and the toxicity of T-2 toxin
in vivo might be due at least partly to HT-2 toxin (Creppy
et al. 2002). The occurrence of Fusarium mycotoxins in
cereals causes the greatest financial loss to the animal
industry, because their ingestion induces a reduction in
feed intake and growth, as well as immunosuppression
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and reproductive disorders (Charmley et al. 1994).
T-2 toxin induced apoptosis in ovarian granulosa cells of
rats through reactive oxygen species-mediated
mitochondrial pathway (Wu et al. 2011). Decreased
porcine granulosa cell proliferation was reported by
Caloni et al. (2009). Disruption of the process of
folliculogenesis and corpus luteum formation can lead to
adverse reproductive outcomes such as anovulation,
infertility, decreased fecundity, estrogen deficiency, and
premature ovarian failure (Craig et al. 2011). The panel
on contaminants in the food chain of the European Food
Safety Authority has set the tolerable daily intake for the
sum of both, T-2 and HT-2 toxin, at 100 ngkg" body
weight (EFSA 2011). For a2 kg rabbit, it is estimated
that the lower-bound and upper-bound exposure to the
sum of T-2 and HT-2 toxins would be 2.0 and
3.4 pg.day’, respectively. Expressed on a body weight
basis, this is equivalent to 0.98 and 1.7 ug.kg’1 b.w. per
day, respectively (EFSA 2011).

The aims of this in vitro study were to examine
the effect of HT-2 toxin alone or combined with growth
factor IGF-I, and the metabolic hormones leptin and
ghrelin on the release of steroid hormone 17p-estradiol by
rabbit ovarian fragments.

Adult female New Zealand white rabbits (n=20,
age 150 days, weight 4.0040.5 kg) from an experimental
farm of the Animal Production Research Centre Nitra,
Slovak Republic were used. Institutional and national
guidelines for the care and use of animals were followed,
and all experimental procedures were approved by the
State Veterinary and Food Institute of Slovak Republic
(no. 3398/11-221/3) and Institutional Ethics Committee.
Ovaries were collected and transported to the laboratory
at the ambient temperature in a glass container within
30 min of slaughter. Thereafter ovaries were washed in
sterile physiological solution and dissected using a blade
knife to 8 approximately equal parts (weight 4.8-5.6 mg).
These ovarian fragments were washed again 2 times in
sterile physiological solution and cultured in 1 ml of
medium supplemented with 10 % fetal calf serum and
1 % antibiotic-antimycotic solution and without (control
group) or with HT-2 toxin (1, 10 and 100 ng.ml™),
or its combinations with IGF-I (100 ng.ml'l), leptin
(1000 ng.ml™") or ghrelin (500 ng.ml™) at 37 °C and 5 %
CO, in humidified air. Further culture was performed for
24 h, and then the culture media from plate wells were
aspirated and kept at -80 °C for ELISA. Intra- and inter-
assay coefficients for 17f-estradiol were <4 % and
<9.3 %, respectively. Each experimental group was

represented by four culture wells of ovarian fragments
(each dose = 4 replicates, biological parallels). Assays of
hormone level in the incubation media was performed in
duplicate. The data presented are means of values
obtained from three separate experiments performed on
separate days using separate pools of ovaries from
20 animals. Significance of differences between the
control and experimental groups were evaluated by
two-way ANOVA and t-test. The data are expressed as
means £ SEM. Differences were compared for statistical
significance at the level P<0.05.
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Fig. 1. 17B-estradiol release by rabbit ovaries after addition of
HT-2 toxin. Differences between the groups were evaluated by
two-way ANOVA, t-test. a, b — significant differences (P<0.05)
between control and experimental groups. The data are
expressed as means + SEM. ELISA.

17B-estradiol release by rabbit ovarian fragments
after HT-2 toxin addition is shown in Figure 1. Firstly,
17B-estradiol release by rabbit ovarian fragments was
significantly (P<0.05) inhibited by HT-2 toxin treatment at
the doses 10 and 100 ng.ml”, but not at 1 ng.ml". Our
results are in accordance with results of Ndossi et al.
(2012) who detected that estradiol levels were significantly
reduced (P<0.0001) in cells exposed to 5 ng.ml'1 of
T-2 toxin by about 2.5 folds less than in control cells, and
after addition of same concentration of HT-2 toxin
estradiol concentrations decreased significantly (P<0.05).
T-2 toxin may be able to alter growth of the granulosa
layer within ovarian follicles in addition to their effect on
steroidogenesis (Caloni et al. 2009). Medvedova et al.
(2011) observed significant (P<0.05) stimulation of
progesterone release by porcine ovarian granulosa cells
after addition of 1000 ng.ml'1 of deoxynivalenol (DON)
which is B-trichothecene. On the other hand, T-2 toxin and
HT-2 toxin treatments to ovarian fragments of rabbits did
not cause significant (P>0.05) changes in progesterone
release at the doses 0.01, 0.1, 1, 10 and 100 ng.ml’
(Maruniakova et al. 2015).
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Secondly, 17p-estradiol release by rabbit ovarian
fragments was not significantly (P>0.05) influenced by
HT-2 toxin addition combined with IGF-I, leptin or
ghrelin. There are less data about the effect of T-2 toxin
and HT-2 toxin in combination with IGF-I, leptin or
ghrelin on secretory activity of ovarian cells to produce
estradiol hormone. However, steroid hormone
progesterone was examined after T2 and HT-2 toxins
combined with the growth factors IGF-I and the
metabolic hormones leptin and ghrelin (Maruniakova et
al. 2015). T-2 toxin, but not HT-2 toxin combined with
IGF-I has been shown to be potential regulator of
progesterone secretion in rabbit ovarian fragments.
T-2 toxin combined with IGF-I decreased progesterone
release by rabbit ovarian fragments (Maruniakova et al.
2015). Our previous study showed that T-2 and
HT-2 toxins combined with IGF-I could modify
progesterone secretion by porcine ovarian granulosa cells
and potentially regulate process of steroidogenesis in
porcine ovaries (Maruniakova et al. 2014). Previous
authors indicated that T-2 toxin at 1, 3, 30 and
300 ng.ml'1 completely inhibited FSH plus IGF-I-induced
estradiol production by porcine granulosa cells. At 30 and
300 ng.ml'l, T-2 toxin completely inhibited FSH plus
IGF-I-induced progesterone production (Caloni et al.
2009). Leptin is a hormone that mediates the effect of the
metabolic state on several biological functions, including
reproduction. Leptin affects reproductive functions via
alterations in the release of hormonal regulators (Harrath
et al. 2016). Its pivotal role is in the development of
puberty and in the subsequent regulation of reproductive
functions (Chan et al. 2006). In our study HT-2 toxin did
not affect changes in leptin-induced estradiol secretion by
rabbit data

Maruniakova et al. (2015) on the progesterone release by

ovaries. Our confirmed findings of
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rabbit ovarian fragments after T-2/HT-2 toxins combined
with leptin. Similarly, T-2 and HT-2 toxins with leptin
did not induce changes in progesterone secretion by
rabbit ovaries. Ghrelin is expressed in very small amounts
in the pancreas, lung, kidney, lymphocytes, placenta,
testis, and ovaries where it may act as an autocrine/
paracrine factor (Castaneda et al. 2010). In our study,
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17p-estradiol secretion by rabbit ovaries. These results
are in accordance with previous in vitro studies. T-2 toxin
and HT-2 toxin combined with ghrelin were not shown to
be potential regulators of progesterone secretion in rabbit
ovarian fragments (Maruniakova et al. 2015).

There are limited data about the effect of
trichothecene mycotoxins on process of steroidogenesis.
In conclusion, HT-2 toxin has potent direct dose-
dependent effects on ovarian steroidogenesis of rabbits.
These direct effects of HT-2 mycotoxin on ovarian
steroidogenesis could negatively impact the reproductive
performance in rabbits.
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