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Abstract
Genistein (GEN) belongs among soya phytoestrogens, while zearalenone (ZEA) is a

metabolite of the fungi Fusarium spp. Both compounds can bind to estrogen receptors, so
they can mimic the functions of endogenous estrogens. Pigs very often come into contact with
these substances through feeding. The aim of this study was to evaluate the influence of GEN
and ZEA on the motility of porcine spermatozoa by the CASA system (computer assisted
sperm analysis). The effects of GEN and ZEA, concentration range 0,5 – 20 μM, on the
model of boar diluted semen were tested during 2- and 4-hour incubation at 38°C. The data
obtained show that GEN and ZEA negatively affect sperm velocity parameters (VCL, VAP,
VSL) in a dose and incubation period dependent manner. A significant decrease in sperm
velocity parameters was recorded after addition of all the GEN or ZEA concentrations tested.
A temporary increase in value was observed in the case of VSL only - after 2 hours of
incubation with 0,5 – 10 μM ZEA. Also, a dose dependent increase of immotile spermatozoa
corresponded to changes of the sperm velocity. In conclusion, even relatively low doses of the
substances tested can negatively affect pig fertility.
Keywords: Pig, sperm, genistein, zearalenone, CASA

Introduction

The quality of boar semen is influenced by various endogenous and exogenous factors
such as hormonal background or nutrition, and nutrition can already serve as a pathway for
the admission of hormonal active compounds which can affect both male and female.

In this way spermatozoa can be exposed to environmental estrogens which are
structurally similar to 17β – estradiol and show estrogenic activity. Among these substances
soy phytoestrogens and zearalenone belong. The richest source of soy phytoestrogens are
soybeans (Glycine max) (Moravcová et Kleinová, 2002). Feedstuff for pigs contains up to
18% soybeans (Zeman et al., 2006). Soy phytoestrogens taxonomically belong among
isoflavones, the most important of which is genistein, which is, among other things, a known
inhibitor of tyrosinprotein kinases (Bajpal et al., 2003). Zearalenone (ZEA) is a mycotoxin
produced by Fusarium moulds (Minervini et Dell´Aquilla, 2008). Livestock are exposed to its
effects in feed, and pigs are considered the most sensitive species (Benzoni et al., 2008; Fink
– Gremmels et Malekinejad, 2007; Agag, 2004; Ravishankar et Karim, 2010). The
mechanism of action of both genistein and zearalenone involves their binding to estrogen
receptors. In an organism they can demonstrate both estrogenic and antiestrogenic activity
(Tapiero et al., 2001; Whitten et Patisaul, 2011). Whether estrogenic and antiestrogenic
effects occur in the organism depend not only on the concentration of environmental
estrogens, but also on the momentary level of endogenous estrogens (Tapiero et al., 2002) and
the type of ER (Minervini et Dell´Aquilla, 2008; Tapiero et al., 2002).

Assessment of mature spermatozoa in vitro provides an appropriate model for
studying the influence of the environmentals estrogens mentioned above, which can occur in
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the female genital tract as a result of the consumption of soy grits or feed with zearalenone
contamination. A comparison of genistein and zearalenone effects on boar spermatozoa has
not been published yet.

CASA – computer assisted sperm analysis is a practical tool for objective analysis of
sperm motility and for classification of various motion categories (Kathiravan et al., 2011).
This system is based on capturing consecutive images from microscope by simple chip
camera (Quintero – Moreno et al., 2003), and the image obtained is consequently exported to
a computer. Image assessment is provided by specific software with the CASA module,
which is able to analyse them (Allahbadia, 2005). The data obtained are mathematically
processed and individual trajectories are defined in numerical form. The results are expressed
by a set of parameters, which accurately define the motion of sperm cells (Quintero – Moreno
et al., 2003).

The aim of this study was to assess the motion parameters of boar spermatozoa in vitro
by CASA.

Materials and methods

Spermatozoa were obtained from France hybrids boars as commercial short – term preserved
insemination doses. The doses were kept during transportation and storage at 17°C and were
processed on the day of collection or  on the following day. Genistein (GEN) and zearalenone
(ZEA) were dissolved in DMSO (dimethyl sulfoxide) to a final concentration of 2μl DMSO/
998 μl ejaculate and 0,5; 1; 2,5; 5; 10; 20 μM GEN or ZEA. The acquired results were
confronted with pure control and control with DMSO. All of the instruments and laboratory
equipment were heated to 38°C. For control, all samples were examined after 4 min
incubation before the addition of GEN or ZEA. Spermatozoa were incubated for 2 and 4
hours at 38°C in a waterbath. The samples were then injected into the chamber of calibrated
Leja® microscopic slide and assessed by a Nikon E 600 microscope with a heating plate,
objective lens PH 10x with negative phase contrast and a Jenoptik Prog Res CT1 camera.
Capturing and image analyses were performed using the software Nis Elements 3.2
(Laboratory Imaging, Prague). The parameters assessed were VCL (curvilinear velocity),
VSL (straight line velocity) and VAP (average path velocity). Based on the parameters
obtained, spermatozoa were divided into the categories of motile and immotile. Distinct
differences at the level of velocity parameters can be related to the high sensitivity of the
CASA system. Choosing a significance level of p= 1 x 10-6 should be sufficient for the
separation of rezidual variability and the experimental scheme of variability. For the statistical
analysis program Statistica.cz version 10 was used. All data were subjected to multifactorial
ANOVA system.

Results and discussion

Our data show that both of the tested contaminants considerably affected the values of
motion parameters of boar spermatozoa. In our experiment a statistically significant decrease
of sperm motility was observed after addition of various concentrations of GEN already 2
hours after incubation. This was confirmed by a rapid decrease of motion parameters marked
mainly from the concentration of 5 μM (graphs 1 – 3). A significant increase in immotile
spermatozoa, especially in the samples with 10 and 20 μM supplementation (graph 4)
correlates with this fact. After 4 hours incubation another decrease in velocity motion
parameters in a dose dependent manner was recorded in all samples (graphs 1 – 3). Related
increase in the immotile sperm ratio was also observed (graph 4).
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Several studies have been concerned with the influence of genistein on sperm motility.
However, they were conducted on different animal models with various experimental
protocols, so the results obtained are ambiguous. While Adeoya – Osiguwa et al. (2003),
Eustache et al. (2009) and Martinez – Soto et al. (2010) demonstrated that genistein has an
influence on sperm motility, Pukazhenti et al. (1998), Hinsch et al. (2000) and Menzel et al.
(2007) obtained different results. None of these author collectives worked with boar sperm.
Our work is in methodology most relevant to the study of Martinez – Soto et al. (2010), which
described the influence of freezing and thawing media with the addition of GEN on human
sperm. The tested concentrations were 0,1 μM, 1 μM and 10μM GEN in the freezing medium
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Graph 1: Effect of different concentrations of genistein on boar sperm motility
Parameter VCL

Vertical columns indicate 0,95 reliability intervals
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Graph 2: Effect of different concentrations of genistein on boar sperm motility
Parameter VAP

Vertical columns indicate 0,95 reliability intervals
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Graph 3: Effect of different concentrations of genistein on boar sperm motility
Parameter VSL

Vertical columns indicate 0,95 reliability intervals
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Graph 4: Ef f ect of  dif f erent concentrations of  genistein on boar sperm motility
Proportion of  nonmotile sperm

Vertical columns indicate 0,95 reliability  interv als
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and 1 μM and 10 μM in the thawing medium. Sperm were thawed at a constant temperature of
37°C, incubation received 60 min. In agreement to our results Martinez – Soto et al. (2010)
recorded a decrease in motile spermatozoa and progressive motile spermatozoa in a dose
dependent manner both in the freezing and thawing medium. In the case of the thawing
medium decrease of VCL, VSL and VAP was also observed. Also, publications by a Hinsch
et al. (2000) and Menzel et al. (2000) were similar to our experiment concerning the
temperature and concentration of genistein. They worked with cryopreserved bovine
spermatozoa. Hinsch et al. (2000) worked with concentrations of GEN of 0,74 μM and 7,4
μM, and samples after thawing were kept at 38°C. Menzel et al. (2007) worked with
concentrations of GEN of 0,074 μM, 0,74 μM and 7,4 μM, and samples after thawing were
kept at 38,5°C. In both studies GEN did not affect sperm motility. However, bovine
spermatozoa can be less sensitive to this phytoestrogen than porcine spermatozoa.

In our experiment zearalenone as well as genistein inhibited sperm motility in a
concentration dependent manner.

After 2 hours of incubation ZEA induced a decrease in the velocity motion parameters
statistically significant at 5 – 20 μM concentrations. However, in the case of VSL except 20
μM ZEA an increase in this parameter was recorded. Differences between pure control,
control with DMSO and samples with 0,5 – 2,5 μM of ZEA were minimal. Significant
deviations were observed after the addition of 5 – 20 μM ZEA (graphs 5 – 7). The ratio of
immotile spermatozoa continuously increased in all tested groups with the highest
manifestation in the sample with 20 μM ZEA (graph 8),

After 4 hours of incubation a rapid velocity decrease at all the concentrations tested
occured in a dose dependent manner. Simultaneously the differences between control and
experimental samples were more marked, mainly at 10 and 20 μM ZEA (graphs 5 – 7). An
increase in immotile spermatozoa in a dose dependent manner was also determined, however,
this effect was not statistically significant (graph 8).

Graph 6: Effect of different concentrations of zearalenone on boar sperm motility
Parameter VAP

Vertical columns indicate 0,95 reliability intervals
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Graph 5: Effect of different concentrations of zearalenone on boar sperm motility
Parameter VCL

Vertical columns indicate 0,95 reliability intervals
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ZEA and its influence on the motility of boar spermatozoa has been the focus of
attention of several authors. This substance was tested in a wide spectrum of concentrations
from picomolar to milimolar amounts. However, most of studies used higher concentrations
than in our experiment. The negative effects of ZEA on sperm motility parameters were
confirmed by Rajkovic et al. (2007) who incubated boar sperm with a very high amount of
ZEA 3,1 – 310 mM, although concentration 3,1 was not effective. The effects on motility
were expressed as a decrease of percentage of progressive motile spermatozoa. Tsakmakidis
et al. (2006, 2007) assessed the effect of ZEA after the addition of 125 μM, 187,5 μM and 250
resp. 40 μg/l, 60 μg/l and 80 μg/l. The incubation periods were 1, eventually 2, 3 and 4 hours
at 38,5°C. A significant decrease in motility was observed after 1 hour of incubation
(Tsakmakidis et al. 2006, 2007), and capturing after each following hour led to another
depression in sperm progressive motion. After 4 hours of incubation steep decline in motility
was observed. In the case of 250 μM, the percentage of progressive motile spermatozoa was
almost zero (Tsakmakidis et al., 2006). This effect was dose dependent, which corresponds to
our results.

However, in the study of Tsakmakidis et al. (2008) no effect on sperm motility after
the addition of 31,4 μM, 62,8 μM or 94,2 μM ZEA was observed. Incubation conditions were
similar to previous studies at 38,5°C/ 4 hours. This contradiction of our results could be
caused by the different method of sperm motility assessment. While Tsakmakidis et al. (2008)
assessed motility by subjective evaluation, we used an objective system of computer assisted
sperm analysis (CASA).

Lower concentrations of ZEA (0,2 pM – 20 μM) were tested by Benzoni et al. (2008).
In this study the CASA system for motility evaluation was used. Contrary to our results, no
effects on VCL and VSL after 5, 16 and 24 h incubation were observed. This contrast could
be caused by the different temperature during incubation. Benzoni et al. (2008) incubated
spermatozoa at 18°C, which corresponds to the preservation temperature, while our samples

Graph 7: Effect of different concentrations of zearalenone on boar sperm motility
Parameter VSL

Vertical columns indicate 0,95 reliability intervals
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Graph 8: Effect of different concentrations of zearalenone on boar sperm motility
Proportion of nonmotile sperm

Vertical columns indicate 0,95 reliability intervals
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were maintained at 38°C, which corresponds to the body temperature recommended by
Verstegen et al. (2002).

Conclusion

In our experimental conditions genistein significantly inhibited the motility of boar
spermatozoa in a dose dependent manner from 0,5 μM, and  zearalenone had the same
negative effect from concentration 5 μM. Contrary to published studies, in our experiments in
vitro the effects of both substances were confirmed at a relatively low concentration. As GEN
is a considerable part of pig nutrition and ZEA mycotoxicosis is a common problem at pig
farms, it is possible that these compounds can affect reproduction also in vivo.

Acknowledgment

The authors thank Lois Russell for her language correction of the present article.
This work was supported by the grant CIGA No. 20112041 and „S” grant of MSMT CR.

References

Adeoya – Osiguwa, S. A., Markoulaki, S, Pocock, V., Milligan, S.R., Fraser, L.R. 2003. 17β –
Estradiol and environmental estrogens significantly affect mammalian sperm function.
Human Reproduction. 18(3): 100 – 107.

Agag, B. I. 2004. Mycotoxins in food and feeds 3 – zearalenone. Ass. Univ. Bull. Environ.
Res. 7(2): 169 – 176.

Allahbadia, G. N. 2005. Intrauterine Insemination. Taylor & Francis. p. 480. ISBN: 1 – 84214
– 3220.

Bajpal, M.; Asin, S.; Doncel, G.F. 2003. Effect of tyrosin kinase inhibitors on tyrosin
phosporylation and motility parameters in human sperm. Archives of Andrologia. Vol. 49,
is. 3, pp. 229 – 246.

Benzoni, E., Minervini, F., Giannoccaro, A., Fornelli, F., Vigo, D., Visconti, A. 2008.
Influence of in vitro exposure to mycotoxin zearalenone and its derivatives on swine sperm
quality. Reproductive Toxicology. 25: 461 – 467.

Eustache, F., Mondori, F., Canivenc – Lavier, M. Ch., Lesaffra, C., Fulla, Y., Berges, R.,
Cravedi, J. P., Vaiman, D., Auger, J. 2009. Chronic dietary exposure to a low – dose
mixtured genistein and viclonzolin modifies the reproductive axis, testis transcriptome and
fertility. Environmental Health Perspection. 117(8): 1272 – 1279.

Fink – Gremmels, J., Malekinejad, H. 2007. Clinical effects and biochemical mechanism
associated with exposure to the mycoestrogen zearalenone. Animal Feed Science and
Technology. 137: 326 – 341.

Hinsch, K. – D., Aires, V., Hägele, W., Hinsch, E. 2000. In vitro tests for Essentials sperm
functions using the phyto – oestrogens genistein as a test substance. Andrologia. 32: 225 –
231.

Kathiravan, P., Kalatharan, J., Karthikeya, G., Rengarajan, K., Kadirvel, G., 2011. Objective
Sperm Motion Analysis to Assess Dairy Bull Fertility Using Computer-Aided System - A
Review. Reproduction in Domestic Animals 46, 165-172.

Martinez – Soto, J. C., de Diosttourende, J., Gutiérrez – Adán, A., Ladrideras, J. L., Gadea, J.
2010. Effect of genistein supplementation of thawing medium on characteristics of frozen
human spermatozoa. Asian Journal of Andrology. 12: 431 – 441.



IV International Symposium „Agrosym 2013“

1020

Menzel, V. A., Hinsch, E., Hägele, W., Hinsch, K. – D. 2007. Effect of genistein on acrosome
reaction and zona pellucida binding independent of protein tyrosin kinase inhibition in
bull. Asian Journal of Andrology. 9(5): 650 – 658.

Minervini, F., Dell´Aquilla, M. E. 2008. Zearalenone and Reproductive Function in Farm
Animals. International Journal of Molecular Science. 9: 2570 – 2584.

Moravcová, J., Kleinová, T. 2002. Phytoestrogens in nutrition - do they bring benefit or
involve risk? Chemické Listy. 96: 282–289.

Pukazhenti, B. S., Wildt, D. E., Ottinger, M. A., Howard, J. 1998. Inhibition of domestic cat
spermatozoa acrosome reaction and zona pellucida penetration by tyrosine kinase
inhibitors. Molecular Reproduction and Development. 49(1): 48 – 57.

Rajkovic, A., Uyttendaele, M., Debere, J. 2007. Computer aided boar semen motility analysis
for cereulide detection in different food matrices. International Journal of Food
Microbiology.114(1): 92 – 99.

Ravishankar, R.B., Rai, V., Karim, A.A. 2010. Mycotoxins in Food and Feed: Present Status
and Future Concerns. Comprehensive Reviews in Food Science and Food Safety. 9: 57 –
81

Tapiero, H., Nguyen Ba, G., Tew, K. D. 2002. Estrogens and environmental estrogens.
Biomed Pharmacother. 56: 36 – 44.

Tsakmakidis, I. A., Lymberopoulos, A. G., Alexopoulos, C., Boscos, C. M., Kynakis, S. C.
2006. In vitro effect of zearalenone and α – zearalenol on boar sperm characteristics and
acrosome reaction. Reproduction of Domestic Animals. 41: 394 – 401.

Tsakmakidis, I. A., Lymberopoulos, A. G., Khalifa, T. A. A., Boscos, C. M., Sarats, A.,
Alexopoulos, C. 2008. Evaluation of zearalenone and α – zearalenol toxicity on boar sperm
DNA integrity. J. Appl. Toxicol. 28: 681 – 688.

Tsakmakidis, I. A., Lymberopoulos, A. G., Vainas, E., Boscos, C. M., Kynakis, S. C.,
Alexopoulos, C. 2007. Study on the in vitro effect of zearalenone and α – zearalenol on
boar sperm zona pellucida interaction by hemizona assay application. J. Appl. Toxicol. 27:
498 – 505.

Verstegen, J., Igner – Ouada, M., Onclin, K. 2002. Computer assisted semen analyzers in
andrology research and veterinary practice. Theriogenology. 53: 149 – 179.

Whitten, P. L., Patisaul, H. B. 2001. Cross – Species and Interassay Comparisions of
Phytoestrogen Action. Environmental Health Perspectives. 109(1):5 – 20.

Zeman, L., Doležal, P., Kopřiva, A., Mrkvicová, E., Procházková, J., Ryant, P., Skládavka, J.,
Straková, E., Suchý, P., Veselý, P., Zelenka, J. 2006. Výživa a krmení hospodářských
zvířat. 1. Vyd. Praha: Profi Press. 360 s. ISBN 80 – 86726 – 17 – 7.


