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ABSTRACT

Deoxynivalenol (DON) is a trichothecene produced by species of Fusarium

genus that can contaminate the raw materials used in farm animals feeding. Pigs 

are exposed to contamination with DON due to their diets rich in cereal grains 

and they are much more sensitive than poultry or ruminants to the action of this 

toxin. The present study investigated the effects of DON on the immune system 

of the pigs focusing on cell proliferation. First we evaluated the effects of DON 

on cell proliferation by analyzing the incorporation of tritiated thymidine. Our 

results showed that low doses of DON (1-10

2 

ng/ml) had a stimulating effect on 

lymphocyte proliferation in the peripheral blood of the pigs while the high 

concentrations (10

4

-10

5

) of DON strongly inhibited lymphocyte proliferation. 

Further we investigated the cytotoxic effects of the mycotoxin studying its 

effects on cell viability (MTT test) and on apoptosis (double staining with 

anexine and propidium iodide). The low levels of DON (0.01-1µM) determined 

a slight increase of cell viability. Starting with 10µM cell viability decreases 

and this effect becomes stronger at very high concentrations (100 and 1000µM). 

At 1µM DON seems to inhibit cell metabolism without starting apoptotic 

processes, however. At very high concentrations (10 and 100µM) DON is 

responsible for a dramatic increase of cell apoptosis. These results may have 

important implications for the increased sensitivity to infections of the animals 

intoxicated with DON.

INTRODUCTION

Trichothecene are mycotoxins produced by several species of Fusarium

genus: Trichotecium, Myrotecium, Trichoderma, Stachybotrys, etc. Fusarium

fungi are accountable for most contaminations (Placinta et al., 1999). Under the 

climacteric conditions of Romania, wheat is a potentially substrate potentially 

favorable for the development of Fusarium moulds. The most frequently met 
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trichothecene is Deoxynivalenol (DON), which was traced in raw materials in 

concentrations generally lower than 1000 ppb (Curtui et al., 1998), but which 

can get as high as 4000 – 5000 ppb. Pigs are exposed to contamination with 

DON due to its diets rich in cereal grains and they are more sensitive than 

poultry or ruminants to the action of this toxin (Rotter et al., 1996). At high 

concentrations (15-20 000µg/kg), DON results in feed refusal and vomiting 

(Cahagnier, 1998). Several studies conducted on piglets or growing pigs

showed that lower concentrations of DON can induce modifications in the 

immune system (Rotter et al., 1996; Swamy et al., 2002). 

The most frequent way of contamination with mycotoxins is the oral 

one. Thus, nutritional studies that use naturally or artificially-contaminated feed 

to investigate both the health and economic risks are more relevant in 

determining the immunotoxical effects of the mycotoxins since they mimic the 

natural way of exposure. Sometimes, such studies are difficult to perform due to 

the high costs involved and to the difficulties in conducting tests on animals. 

The in vivo studies that use other ways of exposure and the in vitro tests on cell 

cultures may yield additional information useful to clarify the manner in which 

mycotoxins induce alterations in animal response. The in vitro system has been 

often used as a key step to elucidate very rapidly and efficacy the putative role 

of low doses of toxins on cellular response and also as a reliable and good 

alternative to animal experiments while avoiding the use of animals are more 

and more required. Lymphocyte proliferation is a parameter sensitive to the 

exposure to DON and the in vitro studies using lymphocyte cultures allow the 

evaluation of the relative toxicity induced in animals by feed contaminated with 

mycotoxins. Many studies have shown the capacity of DON to inhibit cell 

proliferation (Pestka si Bondy, 1993) but until now there were no studies on the 

effects of DON on cell proliferation in pigs. The assessment of pig response to 

mycotoxin is important for at least two reasons. First, pig is more sensible to the 

mycotoxin action than mice or other laboratory animals and due to its feeding 

rich in cereals it is an important target of mycotoxin. Secondly, several 

characteristics (anatomical, physiological as well as immunological) of the 

porcine intestinal tract which resemble those of humans (Willingham & Hurst, 

1996; Stokes et al. 1994) could make pigs a large model for these investigations 

The response to the low doses of mycotoxins could be analyzed concomitantly 

at different levels of the immune system, both on blood cells and on cells from 

lymphoid organs, pig could offering suffisant biological material in this way.

In order to compare and understand potential differences and 

similarities in different pig cell types in response to DON we asses in the 

present study the effect of DON on cellular proliferation, a key parameters in 

initiating an immune response. The effect of mycotoxin was analyses on 

peripheral cell blood (PBMC) and splenic cells using an in vitro model.
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MATERIALS AND METHODS

Toxin. Deoxynivalenol (DON) was purchased from the company Sigma (St 

Quentin Fallavier, France). The toxin was dissolved in water or in acetonytril to

produce a stock solution of 10 mM DON. This solution was subsequently 

diluted in a complete culture medium to obtain the desired concentration of 

toxin.

Biological samples. Pig blood and spleen were collected from healthy 

weaned piglets reared in the experimental farm of IBNA. The blood samples 

were collected aseptically through a puncture in the jugular vein.

PBMC and splenocyte isolation. The lymphocytes from the peripheral 

blood of pigs (PBMC) were isolated by centrifugation with density gradient 

using Ficoll-Hypaque (1.077, Eurobio, Les Ulis, France). Splenocytes were 

obtained by disrupting about 10 g of pig spleen in RPMI 1640 medium. PBMC 

and splenocytes were resuspended in complete RPMI 1640 medium (Eurobio, 

Les Ulis, France) supplemented with amphotericine B (2.5µg/ml) and 5% 

bovine fetal serum BFS (Hyclone, Perbio, Brebières, France). Cell viability was 

evaluated by staining in tripan blue before conducting the in vitro cultivation. 

Evaluation of cell proliferation

Splenocytes and PBMC were cultivated in a density of 1x10

6

cells/crucible

on plates of 96 crucible (Falcon, France). They were stimulated with 50 ng/ml 

phorbol 12-myristate 13-acetate (PMA, Sigma), and 1 µg/ml Ionomicina (Iono, 

Sigma) and incubated for 72 hours with different concentrations of mycotoxin 

(1-10

5

 ng/ml). The cells that were cultivated without mycotoxin and stimulated 

or not with mitogens were stained with 0.5 µCi /crucible [metil-

3

H]-thymidine

(ICN, Orsay, France). PBMC and splenocytes were thereafter harvested using 

special filters (Whatman, Maidstone, UK) with an automatic harvester

(Titerteck-Skatron, Molecular Devices, St Grégoire, France). Thymidine

incorporation was measured with a beta scintillator (Kontron Instruments, St 

Quentin en Yvelines, France) and the results were calculated as cpm (count per 

minute) mean for 6 crucibles. The inhibition of proliferation by mycotoxin was 

expressed as percentage of the response of the control cells stimulated with 

mitogen (PMA) and calculated with the following formula:

stimulated cells (PMA) + mycotoxin (cpm)

Inhibiting activity (%) =

stimulated cells (PMA) (cpm)

× 100

The inhibiting concentration of 50% for DON was calculated with nonlinear 

regression curves.
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Evaluation of cell viability 

The evaluation of cell viability in culture was measured with the MTT test –

tetrazolium compound reduction, a colorimetric method to determine cell 

viability in cell proliferation experiments and in cytotoxicity tests. The 

mithocondrial dehydrogenase of the viable cells cleave the tetrazolium salt and 

form purple crystals of formazan that are insoluble in watery solution. The 

crystals can be dissolved in acidified isopropanol. The color intensity of the 

formazan complex can be measured by spectrophotometry. 

The test was conducted with the Cell Growth Determination Kit (Sigma). 

The isolated PBMC were cultivated on plates with 96 flat bottom crucibles at a 

concentration of 5 × 10

5

with or without mitogens (PMA - 50ng/ml 

and iono - 10µg/ml). After 48 hours of incubation at 37

0

C, 10

added and the culture plates were again incubated at 37

0

C for 3 hours. 

Thereafter we added the solubilisation buffer (1 he absorbance was 

read within one hour with an ELISA (Tecan, Sunrise, Austria) reader at 570 nm. 

Membrane integrity, as measure of DON toxicity was measured by LDH 

release measured by spectrophotometry with the Cytotox96 Non-Radioactive 

Cytotoxicity Assay (Promega). PBMC were cultivated according to the 

technique presented earlier. We also formed an acellular control sample. After 

cultivation the culture plates were centrifuged 5 min at 250g and 50

supernatant were collected. Batches of 50 /sample from the reaction mixture 

were added and the samples were subsequently incubated in darkness at room 

temperature for 30 min. The reaction was stopped with the stop solution of the 

assay. An ELISA (BioRad) reader was used to read sample absorbance at 492 

nm. The optical density of the control sample was subtracted from the optical 

density of the samples.

Evaluation of cell apoptosis

The evaluation of cell apoptosis was done by determining the proportion of 

apoptotic cells identified as cells that no longer have physiological membrane 

asymmetry that is fosfatidilserine was observed on the luminal side during the 

early stages of apoptosis. In the presence of a constant concentration of Ca

2+

, 

fosfatidilserine bonds anexine V. Detection was conducted by flow cytometry 

with anexine V test (FITC) – propidium iodide (kit BD Pharmingen). The 

double staining with anexine V and propidium iodide allows the identification 

of the apoptotic cells (positive for anexine) and of the necrotic cells (positive for 

propidium iodide and negative for anexine V). Furthermore, the test reveals 

distinctly the cells in early apoptosis with integral cell membrane (cells positive 

for propidium iodide and negative for anexine V) and those in late apoptosis 

(positive both for anexine V and propidium iodide). PBMC were rinsed by 

centrifuging, with cold saline phosphate (kept on ice). The cells were 

transferred again on the assay buffer for anexine V at the concentration of 1x10

6

cells/ml. The testing was done with 100µl of this suspension stained 
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simultaneously with anexine V  and propidium iodide . The samples 

were incubated 15 minutes in darkness. Staining was stopped by the addition of 

300µL buffer for anexine. The samples were measured by flow citometry on a 

FACScan (Becton Dickinson) with software CellQuest.

Statistic analyses

The results were expressed as ± SEM mean of 5-6 independent 

experiments. The Student test was used to analyse the percentage of cell 

proliferation. Values of P<0.05 were regarded as significant.

RESULTS

The in vitro effect of various DON concentrations on cell proliferation

Our results revealed that low DON levels (1-10

2 

ng/ml) had a stimulating 

effect on lymphocyte proliferation in the peripheral blood of pigs. Both the 

results expressing the incorporation of tritiated thymidine (cpm) – Fig. 1, and 

the index of inhibition (%) – Fig. 2, show that high DON levels (10

4

-10

5

) are 

strongly inhibiting cell proliferation. As Fig. 1 shows, the high mycotoxin 

concentrations (10

4

-10

5

 ng/mL) caused a total inhibition of lymphocyte 

proliferation (sometimes below 0%). The inhibition of proliferation in 50% 

lymphocytes (IC
50

) was observed at concentrations lower than 100 µg/mL (10

4

) 

DON (Fig. 2). 

The effect of DON on cell viability

We studied whether the inhibiting effects of DON are associated to a 

corresponding change of cell viability. To this purpose we conducted the MTT 

reduction of tetrazolium compound test. As shown in Figure 3, low DON levels 

(0.01-1µM) caused a slight increase of cell viability. Starting with 10µM cell 

viability decreases and this process becomes stronger at very high 

concentrations (100 and 1000 µM).
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Figure 3 Effect of DON on cell viability in PBMC cultures after 48h

Miller and Atkinson (1986) showed that the effect of DON on lymphocyte 

proliferation is level-dependent: the higher the concentration, the lower 

lymphocyte proliferation. The same authors showed that low DON levels 

(0.005-0.5ng/ml) stimulate cell proliferation while the high DON levels (50-100 

ng/ml) inhibit cell proliferation.

The in vitro effect of DON on cell apoptosis

We studied whether the inhibiting effects of DON are determined by 

mycotoxin cytotoxicity or whether they are associated to the inhibition of cell 

metabolism. To this purpose we investigated cell apoptosis evaluated with the 

anexine V – propidium iodide test; we considered that the cells positive both for 

anexine V and propidium iodide are cells in late apoptosis (Fig. 4).

Figure 4 Percentage of apoptotic cells (anexine V – propidium iodide) in 72 h cultures 

of mononuclear pig cells treated with DON
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The results described in Fig. 4 reveal that at 1 , DON seems to inhibit 

cell metabolism without starting apoptotic processes. At higher levels (10 and 

even 100 ) DON is accountable for a considerable increase of cell apoptosis.

The cytotoxic effect of DON

We verified the cytotoxic effects of DON by the comparative treatment of 

cell apoptosis and membrane integrity (LDH release) (Figure 5). 

Figure 5 Correlations between LDH release and the percentage of apoptotic cells 

(anexine V – propidium iodide test) in 72h cultures of mononuclear pig cells treated 

with DON

We observed in this case too that the level of 1  DON induced the 

moderate apoptosis of the cells experimentally activated with Con A, 

accompanied by the depression of LDH release (depression associated probably 

to the reduction of the number of culture cells). At 10 , DON induces 

important cell apoptosis (more intense when the cells are activated with Con A); 

at the same time LDH release seems to intensify, which shows a significant 

disturbance of membrane integrity under the conditions in which the number of 

culture cells is low and implicitly, the spontaneous release LDH is low. At 

100 , near 100% apoptosis was observed and LDH released dropped towards 

0. The apoptotic effect of DON was also described for human lymphocytes –

Jurkat cells (Pestka et al., 2005) and for other cell lines (Mikami et al., 2004) 

and for macrophages (Zhou et al., 2005). The action of DON on apoptosis 

seems to be regulated by MAPK and is achieved through caspasa 3 activation 

(Pestka et al., 2005; Mikami et al., 2004).

Comparison of mycotoxin effect according to the type of cells

The use of pig as experimental model showed that this animal provides the 

possibility of a simultaneous investigation of the effect of DON on both PBMC 

and on splenocytes, which gives this model and advantage over the human 

model. Thus, we compared the sensitivity of the two types of cells from the 

blood flow (PBMS) and from peripheral lymphoid organs (splenocytes) at the 



Archiva Zootechnica vol. 9, 2006 17

action of mycotoxins. Pig splenocytes were more sensitive to the action of 

DON, thymidine incorporation, the curve of the index of proliferation inhibition

and the value for the inhibition of 50% of the proliferation supports this, 

proliferation being inhibited even at low DON levels (1-102), concentrations 

that activated the blood lymphocytes (Fig. 5 and 6).

In conclusion, our results have shown that in pigs low DON levels caused a 

slight stimulation of cell proliferation, while the high DON levels are 

accountable for the depression of cell proliferation. In pig PBMC cultures we 

noticed that the depression of cell proliferation is accompanied by the 

depression of cell viability, the intensification of LDH release and the increase 

of the apoptosis percentage. These can determine a deficient immune response, 

which results in an increased sensitivity to infections of the animals intoxicated 

with DON.

The research was conducted within CEEX contract 25/2005 financed by the 

Romanian Ministry of Education and Research.
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