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ABSTRACT 

 

In this in vitro study the effects of mycotoxin deoxynivalenol (DON) on the motility 

parameters of rabbit spermatozoa were investigated. The spermatozoa motility was evaluated 

using CASA assay. Different concentrations of DON in the ejaculate was divided into four 

experimental group: 0 ng/mL, 10 ng/mL, 100 ng/mL and 1000 ng/mL. Significant differences 

have not been detected between control group and experimental groups after the detailed 

analysis of certain motility parameters – total motile spermatozoa (%), progressively motile 

spermatozoa (%), average path distance (DAP, µm), average path velocity (VAP, µm/s) and 

amplitude of lateral head displacement (ALH, µm). Observed data suggested that further 

experiments are needed to be done because of a lack of the evidence toxinogenic effects of 

mycotoxin DON during its constant detection in feed and food.   
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INTRODUCTION 

 

The trichothecenes are a group of structurally related sequiterpenoid mycotoxins 

produced by moulds growing on basic commodities used in animal feeds (Grove, 1993; 

Pestka, 2007). Trichothecenes are classified as macrolitic and nonmacrolitic molecules (Chu, 

1998) and within nonmacrolitic group two types appear to be important: Type A (e.g., T-2 

toxin, HT-2 toxin) and Type B (e.g., deoxynivalenol) (Bennet and Klich, 2003; Larsen  

et al., 2004). They have been shown to cause a variety of toxic effects in experimental 

animals, livestock and humans. Since food and feed contamination by trichothecenes have 

been associated with human and animal toxicoses, serious questions remain regarding 

assessment of their potential consequence to the organisms. 

One of the most widely distributed trichothecene contaminating food and animal feed is 

deoxynivalenol (DON; vomitoxin) produced by Fusarium species (Rotter et al., 1996). DON 

has been recognized especially as a common contaminant of cereal crops (e.g. wheat and 

corn). It is very stable both during storage and processing of food (Scott, 1991) and does not 

degrade at high temperatures (Rotter et al., 1996; Ehling et al., 1997; Eriksen and 

Alexander, 1998). In substantial doses DON can cause vomiting, nausea and diarrhea. The 

lower doses may lead to weight loss and food refusal as it has been reported in animals in 

which DON was administered in the diet (swine, reviewed by Rotter et al., 1996; rabbits, 

Khera et al., 1986; mice, Khera et al., 1984; and female rats, Morrissey and Vesonder, 

1985). DON has the capacity to inhibit cell division, RNA and DNA synthesis, and apoptosis 

at the cellular level (Rotter et al., 1996) so it can have its toxicogenic effects in a variety of 

cell systems. It has been reported that DON induces mitogen-activated protein kinases 

(MAPKs) phosphorylation (activation), transcription factor activation and COX-2 mRNA 

expression. The process in which compounds bind to ribosomes and rapidly activate MAPKs 

and apoptosis is known as “ribotoxic stress response” (Larsen et al., 2004). 

The semen quality of animal species can be affected by many environmental sources, as 

well as age, stress, hormonal status, nutrition and toxins (Kumar et al., 2010; Roychoudhury 

et al., 2011; Mausa-Balabel et al., 2011; Mangelsdorf et al., 2003; Lancellotti et al., 2010; 

Fallaz-López et al., 2011). The study of Ewuola and Egbunike (2010a) suggests that 

exposure of breeding male rabbits to diets contaminated with Fusarium mycotoxins like 

fuminosins could depress testicular sperm reserves and sperm production. Further research 

revealed that fuminosin B1 may delay puberty, impair semen quality, spermatogenesis and 

induce embryo mortality in rabbits (Ewuola and Egbunike, 2010b). Mycotoxins are 
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potential disruptors of sperm biochemical equilibrium and could cause lipid peroxidation, 

affect an enzyme activity as well as seminal plasma protein concentration (Yousef et al., 

2006). Disturbance of homeostasis of reproductive system can be seen from the decline in 

physical and chemical parameters of sperm, such as pH, ejaculate volume, concentration, 

motility, and the percentage of sperm viability (Garcia-Tomas et al., 2006).  

The information concerning interaction of mycotoxins on reproductive functions of 

animals is scarce. It has been shown previously in rat that DON influences various aspects of 

male reproductive function, for instance sperm quality and quantity (Sprando et al., 2005).  

The aim of our study was to characterize the effect of low doses of DON exposure on 

selected parameters of rabbit sperm quality.  

 

MATERIAL AND METHODS 

 

Male rabbits (broiler line of New Zealand white and Californian rabbit) were used in the 

experiment. Rabbits (age: 4 months; weighing 4.0±0.2 kg) were obtained from an 

experimental farm of the Animal Production Research Centre Nitra (APRS Nitra), Slovak 

Republic. Animals have been housed in a partially air-conditioned rabbit house (APRC Nitra) 

under the photoperiod 16L : 8D (minimum light intensity of 80 lux). They have been kept in 

individual cages and fed with a commercial diet and have been provided water ad libidum. An 

air temperature of 20-24°C and relative humidity of 65% was maintained in the rabbit house.  

Ejaculates have been collected on a single day (early in the morning) with a help of 

artificial vagina. Immediately after collection the individual doses of ejaculates were mixed 

together so as to acquire a pooled sample of rabbit semen. As transferred at room temperature 

to laboratory, ejaculate has been diluted soon to the concentration of 960 x 106 sperm/mL 

(dilution rate 1:5) and certain doses of DON have been added (0 ng/mL, 10 ng/mL, 100 

ng/mL and 1000 ng/mL). Samples have been cultivated with DON for an hour at 37°C. After 

the cultivation of ejaculate, further parameters of the rabbit semen have been assessed using 

by computer-assisted sperm analyzer (CASA) – Sperm Vision (Minitüb, Tiefenbach, 

Germany) combined with Olympus BX 51 microscope (Olympus, Japan). Each sample had 

been placed into Makler Counting Chamber Slide (MC, depth of 10 μm, Sefi–Medical 

Instruments, Germany) (Massanyi et al., 2008). Using the rabbit specific set up the following 

parameters have been evaluated – total motile spermatozoa (%, motility >5 µm/s), 

progressively motile spermatozoa (%, motility >20 µm/s), average path distance (DAP, µm), 

average path velocity (VAP, µm/s) and amplitude of lateral head displacement (ALH, µm).  
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Significant differences between the control and experimental groups were evaluated by 

using two-way ANOVA, paired t-test or chi-square (χ2) test using statistical software Sigma 

Plot 11.0 (Jandel, Corte Madera, USA).   

 

RESULTS AND DISCUSSION 

 

CASA showed that the average spermatozoa concentration was 960 x 106 per mL. The 

percentage of total motile spermatozoa and the percentage of progressively motile 

spermatozoa had not showed a significant differences between control group (without DON 

addition) and experimental groups (10, 100 and 1000 ng/mL with DON addition) (Figure A 

and B). Analysis of distance parameter (DAP) had not showed any significance between 

control group and experimental groups cultivated with different doses of DON (as mentioned 

above) (Figure C). Any significance had not been detected either during assessment of the 

velocity parameter (VAP) between control group and experimental groups after DON addition 

(Figure D). During assessment of the mean width of the head oscillation as the sperm cells 

swim (ALH), there have not been observed significant differences between control group and 

experimental groups cultivated with DON (Figure E).  
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Figures: A. The effect of DON on the total sperm motility (%); B. The effect of DON on the 

progressively motile spermatozoa (%); C. The effect of DON on the average path distance of 

spermatozoa (µm); D. The effect of DON on the average path velocity of spermatozoa (µm/s); 

E. The amplitude of lateral head displacement (µm). Concentrations of DON addition on each 

figure have been as follows: 0 ng/mL, 10 ng/mL, 100 ng/mL, 1000 ng/mL. The data are 

expressed as means ± SEM. Differences from control at P<0.05 were considered as 

significant. 

 

Mycotoxins may contaminate all stages of the food chain. Their global occurrence is 

regarded as an important risk factor for human and animal health, because up to 25% of the 

world crop production may be contaminated with mycotoxins (Oswald and Comera, 1998). 

The economic impact of mycotoxins includes increased mortality, increased veterinary care 
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costs, reduced livestock production, disposal of contaminated foods and feeds and investment 

in research and applications to reduce the mycotoxin problem (Hussein and Brasel, 2001). 

Trichothecenes are of great importance, because they may occur in toxicologically 

relevant concentrations in grains, which can affect the health and productivity of farm animals 

(Doll and Danicke, 2004). Deoxynivalenol is one of the most abundant trichothecenes found 

on cereals such as wheat, barley, oats, rye, and maize, and less often in rice grown in Europe, 

America and Asia (Pestka 2010). European food study carried out in 12 countries revealed 

that, out of a total of 11.022 samples analyzed, more than a half contained DON (Schothorst 

and Egmond, 2004).  

However the occurrence of trichothecenes is very often mainly for DON which is one of 

the most frequent mycotoxin from this group, there are limited data about its toxic effect after 

common dietary exposure. Therefore realization of experiments as well as study of these 

toxins is very required. Our results of the effect of DON on rabbit spermatozoa indicate no 

significant differences between control group without DON cultivation and experimental 

groups (10, 100, 1000 ng/mL) after the evaluation of the following parameters – total motile 

spermatozoa (%), progressively motile spermatozoa (%), average path distance (DAP, µm), 

average path velocity (VAP, µm/s) and amplitude of lateral head displacement (ALH, µm).  

Trichothecenes exert multiple toxic effects on eukaryotic cells, including inhibition of 

protein synthesis, cytotoxicity, and apoptosis (Rocha et al., 2005; Rotter et al., 1996). 

Sprando et al. (2005) observed in their study with male rats a statistically significant, dose-

related decrease in homogenization resistant testicular spermatid counts, spermatid numbers, 

absolute cauda epididymal sperm numbers and cauda epididymal sperm numbers per gram of 

cauda epididymis was observed in the 5.0 mg/kg DON treatment group. Sperm tail 

abnormalities (broken tails) in the 5.0 mg/kg dose group were significantly higher than in the 

control group. Sperm swimming speed (VSL and VCL) was significantly increased only in 

the 2.5 mg/kg dose group. Serum FSH and LH concentrations were increased in a dose 

dependent manner across all treated groups while serum testosterone concentrations were 

decreased in a dose-related manner across all dose groups. An increase in germ cell 

degeneration, sperm retention and abnormal nuclear morphology was observed in the 2.5 

mg/kg and 5.0 mg/kg dose groups. 
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CONCLUSION 

 

Based on the obtained data of the CASA spermatozoa motility assay, we can 

conclude that the certain doses of mycotoxin DON added to rabbit’s ejaculate have not 

influenced spermatozoa motility parameters significantly. Design of this experimental doses 

used in this study have been modified as a dosage of DON we use on other cell types. For this 

reason we can tell that sensibility of spermatozoa on doses used in this study is not very high, 

and in our future studies there can be used a higher concentrations of DON during cultivation 

of cells.  
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