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Deoxynivalenol (DON) is a mycotoxin produced by different species of Fusarium
genus that may contaminate feed and food. In the present study we investigated the
effect of low levels of DON on the modulation of performance, hemodynamic
parameters, cellular and humoral immune response in weaned pigs. Histological
alterations in different organ tissues were also analyzed. Our results showed that a
short in vivo exposure (14 days) of weanling piglets to 0; 0.5; 1.5 mg/day of DON
significantly induced a dose dependent increase of cellular immune response
(lymphocytes proliferation and leucocytes numbers). The 0.5 and 1.5 mg/day of
DON modulated also the humoral immune response by increasing the
immunoglobulin A synthesis with 7.32 % and 37.98 % and by decreasing that of
immunoglubulin G with 11.15 % and 36.87 %, respectively when compared with the
control. DON produced also alterations in the hemodynamic parameters of
intoxicated piglets; the activity of lactate dehydrogenase significantly increased
while the activity of L-glutamate, alkaline phosphatase, urea and creatinine
significantly decreased. Both doses of the toxin induced microscopic alterations of
the internal organ structure. By contrast, ingestion of the contaminated material had
no effect on the performance (weight gain, feed consumption, and feed efficiency),
organ weights, and total serum concentration of cholesterol, calcium, sodium and
potassium. Taken together these results suggest that even when present at low level
DON can affect blood parameters, humoral and cellular immune response in
weaned piglets with a significant importance for the swine health.
Key words: Fusarium, deoxynivalenol, weaned pig, immune response, biochemical
parameters, histological modifications.

Introduction
Trichothecenes are mycotoxins produced by several species of Fusarium
genus: Trichotecium, Myrotecium, Trichoderma, Stachybotrys, etc. Fusarium fungi
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are considered responsible for most contaminations (Placinta et al., 1999). Under
the climacteric conditions of Romania, wheat is a substrate potentially favorable
for the development of Fusarium moulds. The most frequently found 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 their diets
rich in cereal grains and they are more sensitive than poultry or ruminants to the
action of this toxin (Rotter et al., 1996). Moreover, weaning is a critical period and
represents several important challenges for pigs which include the adaptation to a
new environment (housing & temperature), change in diet, mixing with other pigs,
removal from their dam, altered micro-environment of the gut (pH, microflora,
nutrient supply) and loss of maternal milk (immune protection). The potential
exposure to a mycotoxines contaminated feed when piglets are very sensitives
could draw negative effects and important economical loses. At high
concentrations (15-20 000mg/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 immunotoxic effects of the mycotoxins since they
mimic the natural way of exposure.
This paper has investigated the effects of low concentration of DON on the
performance, blood parameters and on the cellular and humoral immune response
in weanling piglets.
Materials and Methods
Experimental design. Nine, 4-week-old, crossbred weanling piglets were
studied for 14 d. They were given ad libitum access to water and feed. They were
fed a maize-soyabean-meal-based diet (Marin et al. 2002) supplemented with or
without deoxynivalenol. Deoxynivalenol was produced by Fusarium graminearum
via fermentation on sterile, polished rice. The mould strain was cultured on a solid
agar-malt medium and incubated at 27o C for 5 weeks. After the incubation period,
the rice powder was processed and DON was extracted. The deoxynivalenol extract
thus obtained was incorporated into the basal diet in a manner to provide the
desired levels of DON (0.5 ppb and 1.5 ppm).
Body weights and food consumption were recorded twice throughout the
experiment (day 0 and day 14). At the end of the experiment (day 14), blood
samples were aseptically collected by jugular vein puncture.
Measurement of blood biochemical parameters. To asses the
concentrations of Na, K, Ca, urea, creatinine, cholesterol, albumine and
concentrations of alkaline phosphatase, L-glutamate, aspartat aminotransferase,
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alanin amino transferase, alkalin phosphatase and lactate dehydrogenase from
plasma, blood samples were centrifuged and the biochemical parameters mentioned
above were determined using INCDCF-Bucharest kits and processed according to
the manufacturer’s instructions.
Isolation and culture of porcine peripheral mononuclear cells. Blood
collected from the jugular vein into heparinized Vacutainer tubes (Becton
Dickinson, Plymouth, UK) was mixed with an equal volume of Dulbecco’s
phosphate buffered saline – PBS (Sigma-Aldrich Chemical Co., St Quentin
Fallavier, France), layer over Ficoll-Hypaque (density 1.077, Eurobio, Les Ulis,
France) and centrifuged at 800g, 20 minutes at room temperature as already
described (Dozois et al., 1997). Peripheral mononuclear cells PBMC were
collected, washed twice in PBS and resuspended in RPMI-1640 (Eurobio)
supplemented with 10 % fetal calf serum (Hyclone, Perbio, Brebières, France),
2mM L-glutamine, 100 U/mL penicillin, 50 µg/mL streptomycin (Eurobio). Cells
were counted and viability assessed using trypan blue (Eurobio).
Measurement of proliferation. PBMC, cultured at a density of 1 x
106cells/well in 96-well flat-bottomed tissue plates (Falcon, Franklin Lakes, N.J.)
were stimulated with 10 g/mL concanavalin A (ConA) (Sigma). PBMC were
incubated for 48 hours at 370 C and 5 % CO2. Cell metabolic activity as an
indicator of the cell proliferation was determined through a MTS test using a cellTiter 96 aqueous non-radioactive assay (Promega, Charbonniere, France). The
absorbance of the soluble formazan produced was measured at 492nm after 4 h of
incubation with MTS solution using an ELISA plate reader (Spectra Thermo,
Tecan, NC, USA).
Measurement of Total Immunoglobulin Subsets (IgG, IgA). Total
concentration of the immunoglobulin subsets was measured by ELISA (Bethyl).
The sera were diluted 1/100000, 1/2000 in Tris–buffered saline to detect IgG and
IgA respectively, and processed according to the manufacturer’s instructions.
Fenotyping of T lymphocytes. The lymphocytes was fenotyped by flow
cytometry, using anti-pig mouse monoclonal antibodies (anti-CD3ε), marked with
fluoresceine FITC (Becton Dickinson). Mice antibody with isotype IgG2a,K
marked with FITC represented the isotype controls. The samples were analysed
using a FACScan flow cytometer (Becton Dickinson), using the soft CellQuest and
the percentage of the lymphocytes TCD3+ was determined.
Hematological examinations - tissue preparation for light microscopy.
Organ fragments (liver, spleen and small intestine) were fixed by immerssion in
Bouin’s fluid for 4-5 days, dehydrated in increasing concentrations of ethanol,
cleared with toluene and paraffin-embedded. Serial sections of 5-6 µm-thickness,
prepared on a sledge microtome were examined in an Amplival (Carl Zeiss, Jena,
Germany) photomicroscope.
Statistic analyses. Student’s t-tests were used to analyze the differences in
term of weight, blood parameters, cell proliferation, immunoglobulin synthesis,
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and so on, between the control, 0.5 ppm AF and 1.5 ppm DON groups. P-values of
0.05 were considered significant.

Results and Discussions
Effects of DON on the animal performance. We first investigated the effect
of dietary treatment on clinical signs and animal performance. Piglets were fed
with control or DON contaminated diets (0.5 or 1.5 ppm) for a period of 14 days.
Both control animals and piglets fed DON appeared clinically normal during the
whole experiment and no deaths resulted from the DON exposure. The animal
performances are presented in the Table 1.
Table 1.
The effect of DON on the performances of piglets intoxicated with 0.5 and 1.5 ppm
DON
Groups
Control
0.5ppm DON
1.5ppm DON

Initial
body weight
(kg)
12.00 ± 1.0
12.00 ± 0.0
12.33 ± 0.6

Final
body weight
(kg)
16.60±1.3
15.50±1.3
15.86±0.9

Daily
feed intake
(g)
0.660±0.6
0.623±0.1
0.627±0.0

Weight
gain
(g)
257.00±80.6
250.00±93.3
254.33±57.7

As we can observe from the Table 1, the two concentrations of DON
don’t affect the animal performances (daily feed consumption and the
weight gain) of the pigs that were intoxicated with mycotoxin. Just a slow
decrease of a daily feed consumption and the weight gain were registered in
the piglets that consumed the contaminated feed, but the differences were
not significant. Accenssi et al. (2006) also showed that low doses of DON
(280, 560 or 840 g/kg of feed did not alter the weanling piglets
performances (feed intake and BW gain). Table 2 shows that 0.5 and 1.5 ppm
of DON provoked an increase in liver and lung weight, but the difference was not
significant when compare with the control, due probably to the small number of
animals in each group. For kidney and spleen the effect was different from one
dose to another.
Table 2.
The effect of DON on the organ weight of piglets intoxicated with 0.5 and 1.5 ppm
DON
Groups
liver
Kidney
Spleen
Heart
Lung
(%)
(%)
(%)
(%)
(%)
Control
2.75±0.1
0.44±0.0 0.21±0.0 0.56±0.5 1.09±1.7
0.5ppm DON
2.62±0.3
0.48±0.0 0.23±0.0 0.48±0.2 1.21±0.5
1.5ppm DON
3.06±0.3
0.36±0.0 0.17±0.0 0.53±0.1 1.22±0.3
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Effects of DON on the cellular immune response. As it can be observed
from Figure 1, the low concentrations of DON (0.5 and 1.5 ppm) determined a
significant increase, dose dependent of the cell proliferation.
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Figure 1. Effect of DON on the cell proliferation

Starting with the concentration of 0.5 ppm an increase of the cell
proliferation can be observed, increase that is more important for 1.5 ppm.
The difference was significant not only for the control, but also between the
two mycotoxin groups.
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Effects of DON on the humoral immune response. The serum obtained
from the blood prelevated from the piglets was used in order to investigate the
effect of DON on the humoral immune response on the IgA and IgG synthesis. In
the figure 3 is presented the DON effect on the IgA synthesis. The ingestion of the
two low doses of DON affected the synthesis of this immunoglobuline by inducing
a dose dependent increase. The 0.5 and 1.5 ppm DON induced an increase of 7.32
% and 37.98 % when compared with the control. The difference was not
signifficant, but it can be due of the low number of animals used in this experiment
(n=3). The increase of IgA synthesis obtained in this experiment is according with
the results obtained by Gouze et al. 2005; Rotter et al. 1997 in mouse and by
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Preluski et al. 1997 in pigs and represent an important characteristic in DON
intoxication. In figure 4 are presented the effects of DON on the IgG

synthesis. The results reflect a contrary effects as for the IgA. Mycotoxin
ingestion produced a decrease of the IgG synthesis that is dose dependent;
comparativ with the control, the dose of 0,5 and 1,5 ppm DON induced a
decrease of the IgG synthesis with 11,15 % and 36,87 %, repectively. As
for the IgA synthesis, the differences were not significantes, but we think
that is due to the low number of animals used in the experiment (n=3).
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Figure 3. Effect of DON on the Ig A
synthesis
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Figure 4. Effect of DON on the Ig G
synthesis

Alterations of hemodynamic parameters. At the end of the experiment,
blood samples were collected from the piglets to investigate the effect of DON on
biochemical parameters. As shown in Table 3, DON induced a significant decrease
of the activity of L-glutamate and alkaline phosphatase and in the concentration of
urea and creatinine. Contrary, a significant increase in the activity of lactate
dehydrogenase was observed in the intoxicated piglets. An increase of the activity
of alanine aminotransferase and of the concentration of albumine was observed
only for the 0.5ppm of DON, while a decrease was observed for the same
parameters when piglets were intoxicated with 1.5 ppm.
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Table 3.
Effects of DON on the hemodynamic parameters
Control feed
Fumonisin contaminated feed
Biochemical parameters
0.5 ppm
1.5 ppm
a
b
L-glutamate (IU/L)
7.59 ± 0.23
5.80 ± 0.33
5.31 ± 0.25b
a
b
Lactate dehydrogenase (IU/l)
216.58 ± 5.6
229.05 ± 2.00
231.91 ±
4.29b,c
a
a
Alanine
aminotransferase 48.00 ± 0.36
49.00 ± 0.27
40.00 ± 0.21b
(IU/l)
Aspartat
aminotransferase
26.5 ± 0.43
29.5 ± 0.21
21.00 ± 0.10
(IU/l)
Seric albumine (g/L)
25.69 ± 3.56a
36.96 ± 0.78b
28.00 ± 0.84a
Cholesterol (mg/dL)
91.33 ± 5.45
89.33 ± 1.76
85.66 ± 0,33
Urea (mg/dL)
20.95 ± 1.56a
29.97 ± 0.98b
28.54 ± 3.17b
Creatinine (mg/dL)
1.18 ± 0,15a
0.97 ± 0,06a,b
0.73 ± 0.82b
a
b
Alkaline phosphatase (IU/l)
193.6 ± 5.54
121.3 ± 3.38
136.3 ± 10.7b
Ca (mg/dL)
5.48 ± 0.13
5.31 ± 0.04
5.4 ± 0.05

Na (mM/L)
K (mM/L)
a,b,c

131.6 ± 1.2
7.93 ± 0.69

127.8 ± 2.92
6.6 ± 0.69

131.6 ± 0.66
6.68 ± 0.53

Within a row, means without a common superscript letter differ (P < 0.05).

Accensi et al., 2006, also show that the use of low levels of DON (280, 560
or 840 g/kg) in the feed for pigs doesn’t affect the tested biochemical parameters
(including cations, glucose, urea, creatinine, bilirubin, cholesterol and triglyceride
concentrations, and plasma enzyme activity).
Hystology. The experimental contamination of the piglet diets with DON
induced a wide range of alterations varying in severity in the different organs
(Table 4).
Table 4.
Effect of treatments on mainly histological aspects
Groups

liver

Kidney

Spleen

Heart

Small
intestine

Control

normal
Cytosol
vacuolization;
picnosis
nucleus
interlobular
cords fibrosis

normal
glomerulus’s
atrophy

normal
hypertrophy of
spleen follicles

normal
Lymphocyte
hyperplasia

hemoragyc
glomerulus

hypertrophy of
spleen
follicles;
erythrocytes
infiltration

normal
Capillary
dilatations;
endothelium
alterations
Capillary
dilatations;
contractility
degradation

0.5ppm
DON
1.5ppm
DON
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epithelium
desquamations

Taken together these results suggest that even when present at low
level DON can affect performance, blood parameters, humoral and cellular
immune response in weanling piglets with a significant importance for the
swine health.
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Deoxinivalenolul (DON) este o micotoxina produsa de diferite specii de Fusarium care
poate contamina hrana animala si umana. In prezentul studiu s-a investigat efectul a doua
niveluri scazute de deoxinivalenol asupra performantelor, parametrilor hemodinamici si
raspunsului imun celular si humoral la purcei dupa intarcare. Efectul DON-lui asupra
histologiei diferitelor organe (intestin, ficat, inima, spina) a fost de asemenea
evaluat.Rezultatele noastre au aratat ca expunerea timp de 14 zile a animalelor la 0; 0,5 si
1,5 mg/zi de DON a determinat o crestere semnificativa dependenta de doza a raspunsului
imun celular (proliferare limfocitara si numar de leucocite). Concetratia de 0,5 si 1,5 mg/zi
de DON a modulat de asemenea raspunsul imun humoral prin cresterea sintezei de
imunoglobulina A cu 7,32 % si 37,98 % si descresterea sintezei de imunoglobulina G cu
11,15 % si 36,87 % comparativ cu controlul. DON-ul a produs alterari ale unor parametri
hemodinamici la purceii care au ingerat toxina; astfel, activitatea lactat dehidrogenazei a
crescut semnificativ in timp ce activitatea L-glutamatului, fosfatazei alcaline, ureei si
creatininei a scazut semnificativ comparativ cu controlul. Ambele doze de toxina au produs
alterari ale structurii tesuturilor organelor interne analizate. Ingerarea micotoxinei a
produs modificari histologice la nivelul tuturor organelor examinate, dar nu a avut insa
niciun efect asupra performantelor purceilor intoxicati (spor in greutate, consum de hrana,
eficienta de utilizare a hranei), greutatii organelor, concentratiei de colesterol, calciu,
sodiu si potasiu. Toate aceste rezultate sugereaza ca prezenta chiar a unor niveluri mici de
deoxinivalenol in hrana purceilor dupa intarcare afecteaza raspunsul imun si parametri
biochimici sanguini, fapt care poate avea consecinte importante pentru sanatatea
animalelor si pentru industria zootehnica.
Key words: Fusarium, deoxynivalenol, purcei înţărcaţi, rîspuns imun, parametric
biochimici, modificări histologice.
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