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ABSTRACT 

 

 The most important and the most common Fusarium mycotoxin is deoxynivalenol 

(DON). It occurs predominantly in grains such as wheat, barley, and maize and less often in 

oats, rice, rye, sorghum and triticale. It has adverse effects on humans, animals, and crops that 

result in illnesses and economic losses. The aim of the present study was to investigate the 

effect of DON on some haematological (red blood cells - RBC, white blood cells - WBC, 

platelets - PLT, haemoglobin - HGB, packed cell volume - PCV and lymphocyte - LYM),   

biochemical (cholesterol, triglycerides, total protein, urea, calcium and phosphorus) and anti- 

and pro-oxidants parameters (superoxide dismutase - SOD, glutathione peroxidase - GPx and 

ROS – reactive oxygen species) in porcine blood in vitro. Significantly decreased content of 

total protein in the group with dose of 1000 ng.l-1 DON was observed compared with the 

control group. In other groups (E1 with 10 ng.l-1 DON and E2 with 100 ng.l-1) slightly lower 

values were measures in comparison with the control group. PLT significantly decreased in 

the experimental group E3 when compared with E1, E2, and the control group. Concentration 

of GPx in porcine blood significantly (P < 0.05) decreased in E1 against the control group. 

Concentration of SOD significantly (P < 0.05) decreased in group E2 in comparison with E1 

group. The highest value of ROS was in E2 group. Other parameters were not influenced by 

DON.  
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INTRODUCTION 

 

Mycotoxins are secondary metabolites of molds that have adverse effects on humans, 

animals, and crops that result in illnesses and economic losses (Zain, 2011). Contamination of 

food and agricultural commodities by various types of toxigenic molds (fungi) is a serious and 

widely neglected problem (Bhat et al., 2010). This contamination presented a hazard to 

human and animal health for decades (Gbore and Akele, 2010). The name “trichotecenes” 

includes almost 200 various compounds synthetized mainly by fungi from the Fusarium 

family. The most important and the most occurring Fusarium mycotoxin is deoxynivalenol 

(DON) (Łazicka and Orzechowski, 2010; Klem et al., 2007). It is mainly produced by 

Fusarium graminearums and Fusarium culmorum (Kushiro, 2008). DON, also known as 

vomitoxin is commonly detected in cereals (Waché et al., 2009). It occurs predominantly in 

grains such as wheat, barley, and maize and less often in oats, rice, rye, sorghum and triticale 

(Creppy, 2002). DON is considered to be highly stable and can survive various food 

processing methods (such as milling, powdering). Consumption of DON-contaminated 

products has been correlated with reduced milk production in dairy cattle, vomiting in swine, 

inhibition of reproductive performance and immune function in several animal species (Bhat 

et al., 2010). Swine are more sensitive to DON than mice, poultry, and ruminants, with males 

being more sensitive than females (Surai et al., 2008). Its cytotoxicity has been shown in 

animals and various cells (Zhang et al., 2009; Medveďová et al., 2011). Probable primary 

biochemical lesions and the early cellular events in the cascade of cellular events leading to 

toxic cell injury or cellular deregulation of DON are as follows: inhibition of protein synthesis 

→ disruption of cytokine regulation → altered cell proliferation → cell death (Speijers and 

Speijers, 2004). In 1993, the International Agency for Research on Cancer (IARC), 

considered DON to be a Group 3 carcinogen, ‘‘not classifiable as to its carcinogenicity to 

humans’’, for which the evidence of carcinogenicity was inadequate in humans and 

inadequate or limited in experimental animals (Zhang et al., 2009). DON was reported to 

induce lipid peroxidation as measured by malondialdehyde (MDA) production in Caco-2 cells 

(Kouadio et al., 2005) and increased formation of thiobarbituric acid-reactive substances 

(TBARS) in a dose-response manner suggests that it is capable of yielding radical species that 

could cause DNA damage (Zhang et al., 2009). Various adverse effects have been described 
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for DON on biochemical pathways (Fig. 1), including those generating reactive oxygen 

species (ROS) which can damage biomolecules and membranes leading to apoptosis 

(Desmond et al., 2008). Thus, it is not surprising that the ingestion of mycotoxins activates 

numerous mechanisms in the body to reduce their toxicity and induce their excretion 

(Sobrova et al., 2012). Enzymatic or non-enzymatic reactions can scavenge DON-generated 

ROS, subsequently preventing oxidative stress (Valko et al., 2006).  

 

 
Figure 1 Scheme of possible way of deoxynivalenol detoxification. The first and one of the 

most important pathways used for detoxifying DON is cytochrome P450, which serves to 

catalyse the oxidation of organic substances. This pathway, however, can cleave free hydroxyl 

groups of DON to produce DON-radical, which can be more dangerous. The DON-radical can 

be scavenged by enzymatic (glutathione peroxidase (GPx), catalase, superoxide dismutase) or 

non-enzymatic ways (reduced glutathione (GSH), metallothionein (MT), and vitamins) 

(Sobrova et al., 2012) 

 

 The aim of the present study was to investigate the effect of DON on some 

haematological, biochemical and antioxidants parameters in porcine whole blood in vitro.  
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MATERIAL AND METHODS 

 

Animals and experimental design in vitro 

 

 Slovakian White gilts (n=24) at the age of 100-120 days were kept under standard 

conditions at the Experimental Station of the Animal Production Research Centre Nitra. 

Conditions of their care, manipulations and use corresponded to the instruction of EC no. 

178/2002 and related EC documents, and they were approved by local ethics commission. 

Animals were slaughtered and blood samples were obtained.  

 

Blood sampling and DON treatment 

 

 Blood was collected into EDTA-treated tubes. DON (Romer Labs Division Holding 

GmbH, Tulln, Austria) was added to blood samples at doses 10, 100 and 1000 ng.ml-1 (Table 

1). The blood samples without addition of DON served as control group (C). The blood was 

incubated for 5 hours at 37oC.  

 

Table 1 Application of DON in to blood in vitro 

Group DON (ng.ml-1) 

C 0 

E1 10 

E2 100 

E3 1000 
n=5 in each group; C- control group, E1 - E3 – experimental groups  

with various doses of DON 

 

Analysis of parameters 

 

 Blood plasma was separated from whole blood by centrifugation at 3000 g for 10 min. 

Concentrations of biochemical parameters (cholesterol, triglycerides, total protein, urea, 

calcium and phosphate) in blood plasma were evaluated by automatic analyzer Microlab 300 

(Merck®, Germany). Haematological parameters (red blood cells - RBC, white blood cells - 

WBC, platelets - PLT, haemoglobin - HGB, packed cell volume - PCV and lymphocyte - 

lym) were measured using haematology analyzer Abacus junior VET (Diatron®, Vienna, 
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Austria). Enzymatic activity (SOD – superoxide dismutase and GPx – glutathione peroxidase) 

were analysed by spectrophotometer Genesys 10 (Thermo Fisher Scientific Inc., USA), using 

commercial assay kit (Randox, Bratislava). ROS was assayed by a microplate ELISA reader 

(Multiscan FC, ThermoFisher Scientific, Finland), using commercial assay kit (Biog, 

Bratislava). 

 

Statistical analysis 

 

 Sigma Plot 11.0 (Jandel, Corte Madera, USA) was used to conduct statistical analyses. 

One-way ANOVA was used to calculate basic statistic characteristics and to determine 

significant differences among the experimental and the control groups. Data presented are 

given as mean and standard deviation (SD). Differences were compared for statistical 

significance at the level P<0.05. 

 

RESULTS  

 

Biochemical parameters of porcine blood  

 

Table 2 Effect of DON on biochemical parameters in porcine blood plasma.  

Biochemical  

parameter  

C E1 E2 E3 

Total protein (g.l-1) 89.02±1.47a 87.80±0.69 88.34±1.50 86.40±1.56b 

Calcium (mmol.l-1) 2.32±0.04 2.46±0.12 2.38±0.04 2.36±0.22 

Phosphate (mmol.l-1) 7.89±0.38 7.85±0.28 7.89±0.20 7.95±0.52 

Urea (mmol.l-1) 7.42±0.33 7.30±0.12 7.34±0.17 7.50±.22 

Cholesterol (mmol.l-1) 4.09±0.21 4.26±0.25 3.92±0.22 4.01±0.54 

Triglycerides (mmol.l-1) 0.57±0.09 0.59±0.02 0.53±0.033 0.58±0.04 
C - control, E1 – 10 ng.ml-1, E2 100 ng.ml-1, E3 - 1000 ng.ml-1  

Values shown as means ± SD (standard deviation),a,b - in row means significant difference 

(P ‹ 0.05) 

  

Results are shown in Table 2. Content of total protein significantly (P < 0.05) 

decreased in the E3 group when compared with the control group. In the groups E1 and E2 

lower values were measured in comparison with the control group, however without 
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significant differences (P > 0.05). No significant differences (P > 0.05) in calcium, 

phosphorus, urea, cholesterol and triglycerides content of porcine blood were found between 

the control group and the experimental groups E1, E2 and E3.  

  

Haematological parameters of porcine blood  

 

 Results are shown in Table 3. PLT significantly (P < 0.05) decreased in the 

experimental group E3 when compared with E1 and E2, and the control group. RBC, WBC, 

HGB and PCV decreased in the all experimental groups when compared with the control 

group but not significantly (P > 0.05). In the groups E1 and E2 lower values of LYM were 

measured in comparison with the control group. The highest value of LYM was in E3 group, 

however without significant differences (P > 0.05) among the groups.  

 

Table 3 Effect of DON on haematological parameters in porcine blood.  

Haematological  

parameter  

C  E1 E2 E3 

RBC (109.l-1) 7.00±0.13 6.93±0.10 6.98±0.09 6.90±0.05 

WBC (109.l-1) 19.92±0.32 19.58±0.42 19.60±0.26 19.71±0.52 

PLT (109.l-1) 235.40±18.30a 226.20±15.45a 216.40±31.51a 186.20±18.24b 

HGB (g.l-1) 130.60±2.30 128.80±2.39 128.20±1.30 129.80±1.30 

PCV (%) 44.48±0.81 43.93±0.66 44.00±1.01 43.93±0.36 

LYM (109.l-1) 15.38±0.34 15.12±0.37 15.30±0.40 15.77±0.63 
C - control, E1 – 10 ng.ml-1, E2 100 ng.ml-1, E3 - 1000 ng.ml-1 

RBC - red blood cells, WBC - white blood cells, PLT - plateles, HGB - haemoglobin, PCV - packed cell volume, 

LYM – lymphocyte, values shown as means ± SD (standard deviation),  

a,b - in row means significant difference (P ‹ 0.05) 

 

Anti- and pro-oxidant parameters of porcine blood 

 

 Results are shown in Table 4. Concentration of GPx in porcine blood significantly  

(P < 0.05) decreased in E1 group when compared with the control group. In groups E2 and E3 

lower values were measured in comparison with the control group, however without 

significant differences (P > 0.05). Concentration of SOD significantly (P < 0.05) decreased in 

group E2 when compared with the control and E1 group. In group E3 lower value was 



JMBFS  / Zbyňovská et al. 2013 : 2 (Special issue 1) 1611-1628 

 
 

  1617  
  

measured in comparison with other groups, however differences among the groups remained 

insignificant (P > 0.05). The higest value of ROS was in E2 group, however without 

significant differences (P > 0.05) among the groups. In E1 and E3 groups lower concentration 

of H2O2 when compared with the control group was measured.  

 

Table 4 Effect of DON on anti- and pro-oxidant parameters in porcine blood.  

Anti- and pro- 

oxidant 

parameters 

C  E1 E2 E3 

GPx (U.l-1) 1152.428±55.47a 1054.852±40.606b 1131.412±36.91 1101.97±62.174 

SOD (U.ml-1) 80.0±13.693a 80.20±8.497a 60.60±6.025b 75.0±0 

ROS (µM H2O2) 0.22±0.05 0.13±0.03 0.24±0.09 0.16±0.08 
C - control, E1 – 10 ng.ml-1, E2 100 ng.ml-1, E3 - 1000 ng.ml-1 

GPx - Glutathione Peroxidase, SOD - superoxide dismutase, ROS - ractive oxygen species.Values shown as 

means ± SD (standard deviation), a,b - in row means significant difference (P ‹ 0.05) 

 

DISCUSSION 

  

 The Fusarium toxin DON is of outstanding importance in pig nutrition because of its 

frequent occurrence in cereal grains at levels high enough to cause adverse effects such as a 

decrease in feed intake and impairment of the immune system (Dänicke et al., 2010).  Pigs 

are the most sensitive to DON among livestock. Effects of higher doses of DON on pigs are 

well known. DON decreased the feed intake (-4.3%.g DON-1.kg feed-1) and growth rate  

(-7%.g DON-1.kg feed-1) of pigs when the level exceeds 1 mg.kg-1 feed, and only high doses 

of DON caused vomiting (Eitenne and Waché, 2008).  

 DON is rapidly absorbed in pigs and oral bioavailability is estimated to be 55% 

(Rotter et al, 1996). After feeding a diet containing naturally contaminated wheat (4.2 mg.kg-

1 feed), the maximum serum DON concentration was found after 4.1 h (Dänicke et al., 2004). 

A single intravenous injection of DON (1 mg.kg-1) and revealed high initial concentrations in 

plasma, kidney and liver. Measurable concentrations were detected also in the abdominal fat, 

back fat, lung, adrenals, spleen, testis, heart, brain, muscle tissue, intestines and pancreas, 

indicating a large volume of distribution (Prelusky and Trenholm, 1991). 
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Biochemical parameters of porcine blood  

 

 To our knowledge there are not a lot of similar studies on effect of DON in various 

doses given to the porcine blood in vitro and its effect on biochemical parameters. For this 

reason, we have compared our results also with results from other in vivo studies.  

 Calcium ion plays an important role in a variety of biological processes, including 

gene expression, cell cycle regulation, and cell death (Yet et al., 2005).  In our experiment 

DON insignificantly decreased Ca content in blood plasma. Chaytor et al. (2011) reported no 

effect of various addition of DON on content of Ca in porcine blood. Côté et al. (1986) found 

that content of Ca in milk of dairy cattle was not changed after feeding DON contaminated 

feed. Content of Ca in blood of broiler chicken was not affected by Fusarium mycotoxins 

(Yegani et al., 2006). In study of Swamy et al. (2002) concentration of DON (3000-5800 

µg.kg-1) in feed caused decrease of Ca in porcine blood. Similar results were found by 

Faixová et al. (2010) in experiment with broiler chickens. Grenier et al. (2011) considered 

that DON alone or in combination with other mycotoxin (DON 3 mg.kg-1 and fumonisin 6 

mg.kg-1) had minimal effect on biochemical parameters of porcine blood. Chronic exposure of 

mycotoxins may be partly associated with secondary deficiency of vitamin D. Metabolism of 

calcium and vitamin D was studied in young rats administered with DON at a daily dose of 10 

mg.kg-1 perorally within 7 days. The DON treatment caused a moderate hypocalcemia, a 

decreased absorption of calcium in small intestine as well as decrease of alkaline phosphatase 

activity in blood and small intestine mucosal membrane. Density and saturation of bone tissue 

with minerals were not altered (Sergeev et al., 1990).  

 In our study, content of phosphorus (P) in porcine blood was not affected by any 

concentration of DON. Studies of Accensi et al. (2006) and Chaytor et al. (2011) confirmed 

our results. Content of P decreased in chicken blood after DON treatment (Bergsjö et al., 

1993; Swamy et al., 2002).  

 Urea is the main nitrogenous end product arising from the catabolism of amino acids 

that are not used in biosynthetic reactions in mammals. Urea production should reflect not 

only alterations in the dietary intake of protein and patterns of utilization of amino acids but 

also an animals ability to retain dietary nitrogen in the body (Whang and Easter, 2000). In 

our study DON had to no influence on urea content. Our results are similar to Chaytor et al. 

(2011). However, Drochner et al. (2006) showed that with higher concentration of DON, 

content of urea in porcine blood was decreased. Hochsteiner et al. (2000) reported only slight 

changes in count of urine after DON exposure in cattle.  
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 In this study we observed decreased content of total protein in E3 group. The first 

toxic effect associated with trichothecenes including DON was the inhibition of protein 

synthesis. Trichothecenes bind to the 60S subunit of eukaryotic ribosomes and interfere with 

the activity of peptidyltransferase. Based on the induction of emesis, suppose a possible 

interaction with serotinergic and dopaminergic receptors (Fioramonti et al., 1993). Our 

results are comparable with results of Faixová et al. (2010). Authors found decrease of total 

protein in chickens blood after feeding mycotoxins DON and zeralenon (ZEA). Decreased of 

total protein in porcine blood in vivo after DON inclusion reported Döll et al. (2003), Chen et 

al. (2008), Swamy et al. (2002), and Klapáčová et al. (2011). Trichotecenes, such as DON, 

interfere with protein synthesis ant the cellular level, and will therefore predominantly 

damage quickly proliferating cells as found in the immune system (Goyarts et al., 2006). In 

in vitro study of De Walle et al. (2010) DON caused decrease content of total protein, what 

was associated with decreased incorporation amino acid leucine and this demonstrate 

inhibition effect of DON in protein synthesis.  

 In our study cholesterol content was not changed after DON exposure. In chicken 

blood content of cholesterol increased when added DON in dose 3 mg.kg-1 (Klapáčová et al., 

2011). When pigs were feeding combination of DON with aflatoxin content of cholesterol 

was increased by 74 % when compared with control group (Chaytor et al., 2011).  

 In our study DON had no effect on triglycerides content in blood plasma of pig. 

Ghareeb et al. (2012) contend that DON affected metabolism proteins and lipids in broiler 

chickens. Content of triglycerides was decreased in broiler chickens blood after feeding 

contaminated grain.     

 

Haematological parameters of porcine blood 

 

 Haematological parameters are summarized in Table 3. Addition of various 

concentration of DON caused significant decrease of PLT in E3 group with the highest dose 

of mycotoxin. Prelusky et al. (1994) present that slight increase of PLT may caused decrease 

of feed intake in pigs after DON exposure. Decrease of PLT in our study may be caused by 

the fact that it is in vitro study and DON did not metabolised in organism. DON contains three 

free hydroxyl groups which is associated with its toxicity (Sorbova et al., 2010). Thus, we 

may suppose that DON react with lipids in PLT membrane, induces changes in membrane 

permeability and changes of conformation of PLT.  In addition, fosfolipids may influence 
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transport and concentration of Ca in PLT, so we may also suppose that DON affects to 

metabolism of Ca.  

 Acute exposure of DON on proliferation of peripheral LYM in pigs in vitro and 

inhibition of proliferation of LYM confirmed Goyarts et al. (2006). Pestka and Smolinski 

(2005) present that ingestion of feed contaminated with DON reduced lymphocyte 

proliferation upon mitogenic stimulation.  

 Addition of DON in our study had no significant effect on RBC, WBC, HGB and 

PVC. Accensi et al. (2006) observed that DON had no effect on biochemical and 

haematological parameters (in concentration 280 - 840 µg.kg-1) in vivo.  Occasionally changes 

in RBC, WBC and PLT, concentration of HGB and values of PVC observed Etiene and 

Waché (2008). RBC, PCV and PLT may slightly increase after feed intake decrease 

(Prelusky et al., 1994). In another study Capcarova et al. (2010) found significant decrease 

of WBC after pesticide bendiocarbamate additions in rabbits. High doses of toxic substances 

caused decrease of WBC and low doses could raise the WBC parameter. 

 DON is also an immunosuppressor Clinical studies revealed cell depletion in thymus, 

spleen or bursa Fabricius in exposed animals. Sensitivity of B- and T- cells, isolated from 

spleen, thymus and Peyer’s patches towards DON has been described in many studies. 

Concomitant factors (lipopolysaccharide of Gram-negative bacteria, viral infections) that 

modulate transcription of cytokines and chemokines, could explain the differences in clinical 

responses to low levels of DON in individual herds, due to the strong influence of these 

factors on DON response. It is important to note that these mechanistic studies have been 

almost entirely conducted in mice, or rodent and human cell lines. However, the described 

mechanisms are highly preserved in mammals, including pigs where the response may be 

even more pronounced due to the renowned susceptibility of pigs to bacterial and viral agents 

modulating cytokine response (Pizzamiglio, 2008).  

 

Anti- and pro-oxidant parameters of porcine blood 

 

 To counteract the noxious effects of ROS, cells use various nonenzymatic molecules 

such as glutathione (GSH), thioredoxine, and other thiol-containing molecules, as well as 

vitamins D, E, and C, and several other small metabolites (Chabory et al., 2010). To 

complete their antioxidant defense, aerobic cells have evolved specific enzymatic ROS 

scavengers - intracellular antioxidant enzymes, such as SOD, CAT and GPx, thereby playing 

an integral role in the anti-oxidative stress defenses of the cell (Bukowska, 2004). The SOD-
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CAT-GPx catalytic triad is quite ubiquitous and has been found in virtually all cells in 

prokaryotic and eukaryotic aerobic organisms. Superoxide dismutase catalyzes the 

dismutation of O2•– to produce H2O2. Although it recycles the superoxide anion free radical, 

SOD can be considered as a prooxidant because it converts a rather short-life and confined 

molecule, O2•–, into a quite stable and invasive H2O2. Glutathione peroxidases metabolize 

various substrates besides H2O2 and are activated even for a small rise in their intracellular or 

extracellular concentrations, or both, to maintain cell homeostasis. Therefore, GPx activity 

represents the first protective response for small changes in H2O2 concentrations under normal 

physiological conditions. In addition, GPx can also metabolize complex organic peroxidized 

molecules, allowing them to recycle some of the molecules that may have been damaged 

following H2O2 leakage and, consequently, OH•– production (Mansour and Mossa, 2009; 

Chabory et al., 2010; Demir et al., 2011).  

 In our study GPx decreased in all experimental groups in comparison with the control 

group in E1 significantly. In study of Krishnaswamy et al. (2010) GPx decreased with higher 

concentration of DON. In chickens, activity of GPx in duodenal mucosa tissues, (SOD) in 

erythrocytes, in duodenal mucosa were not affected by dietary DON and zearalenon 

(Borutova et al., 2008). Erdélyi et al. (2011) examined effect of feeding DON contamined 

diet on glutathione peroxidise activity in blood plasma of broiler chickens after 21 and 39 

days. Activity of GPx was decreased. In our study the lowest SOD activity was detected in E2 

group with 100 ng.ml-1 DON. In in vivo study, concentration of GPx and SOD decreased after 

insecticide exposure in rats (Demir et al., 2011). The decrease in the activity of SOD may be 

attributed to the saturation of SOD during the process of converting O2• to H2O2 (Eraslan et 

al., 2007). The major function of GPx, which uses glutathione (GSH) as a substrate, is to 

reduce soluble H2O2 and alkyl peroxides (Bebe and Panemangalore, 2003). GPx also can 

decompose H2O2 to water (Tian et al., 1998). Inhibition of GPx activity is accompanied by a 

depletion of GSH, which may result in oxidative stress. Reduced GSH, in conjunction with 

GPx and glutathione-S-transferase (GST), is responsible for the GSH redox cycles that 

maintain the redox status of tissues and protect structural and regulatory proteins against 

ROS-induced damage (Khan and Kour, 2007). In the present study, the decreased GPx 

activity might reflect cellular oxidative stress due to DON exposure.  

 The highest concentration of H2O2 was measured in E2 group what caused decrease of 

SOD activity. We supposed that it could be the sign of oxidative stress. DON in this 

concentration (100 ng.ml-1) acted as prooxidant agent. In other groups, mainly in E3 group the 

concentration of H2O2 as member of ROS was decreased in comparison with the control 
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group followed by slight decrease of SOD and GPx. Higher concentration of DON propably 

caused higher activity of antioxidant enzymes, what confirmed by our results of ROS, GPx 

and SOD in this group. Significantly higher concentration of ROS observed Krishnaswamy 

et al. (2010) after DON addition in to humans intestinal cells.   

   

CONCLUSION 

 

 High doses of DON in porcine blood in vitro influenced content of total protein and 

count of LYM. Lower doses of DON influenced activity of GPx and SOD. Other studied 

parameters were not affected by DON. The results from this study determined levels of 

deoxynivalenol toxicity. Given that DON is the most occuring fumonisine and there are not 

many studies in vitro about its effects on biochemical, haematological, prooxidant and 

antioxidant parameters in porcine blood, thus it is neccessary to be examined further. 
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