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Abstract. Morphological changes in the pancreas of broiler chickens were followed out after experimental aflatoxicosis В1. Also, the possibility to prevent the
deleterious effects of AFB1, through dietary supplementation of Mycotоx NG (Ceva Sante Animale, France) was evaluated. The 42-day experiments were
carried out with 50 Cobb broiler chickens, divided in 5 groups of 10 chickens: Group I – control; Group II – supplemented with 1 g/kg Mycotox NG; Group III –
supplemented with 0.5 mg/kg aflatoxin B1; Group IV –supplemented with 0.8 mg/kg aflatoxin B1; Group V –supplemented with 0.5 mg/kg aflatoxin B1 and 1 g/kg
Mycotox NG. Gross pancreatic changes in broilers treated at 0.5 mg/kg AFB1 comprised generalised vascular hyperaemia, interlobular oedema, initial
disintegration of glandular acini. Birds treated at 0.8 mg/kg AFB1 exhibited complete glandular acini disorganisation, and mononuclear cell infiltrations. The
supplementation with Mycotox NG alleviated the frequencty and severity of observed histological lesions: slight interlobular oedema, generalised hyperaemia
and early granular dystrophy of the cytoplasm of Langerhans islet cells.

Keywords: aflatoxin В1, pancreatic lesions, broiler chickens, Mycotox NG

Introduction
Mycotoxins are toxic metabolites produced by fungi
contaminating the agricultural crops. They are toxic for both men and
animals, reduced considerably the crop performance and incur
substantial economic losses (Gourama and Bullerman, 1995;
Gqaleni et al., 1996). Cereals and cereal crops are an important
source of energy for domestic fowl. Evidence for increased level of
contamination of cereals with mycotoxins are reported from different
parts of the world. About 25% of global cereal crops are
contaminated with mycotoxins every year (Manafi et al., 2009a).
Aflatoxins are isolated in the 1960s and since then, are most
intensively investigated (Wild nd Turner, 2002). The contamination
with aflatoxins could occur at every point of the food chain in the field,
during the harvest, transportation, technological processing and
storage (Giray et al., 2007), but the mycotoxin is mainly produced
during the storage of feed at increased ambient humidity. Aflatoxins
are secondary toxic metabolites produced by fungi from genus
Aspergillus (Aspergillus flavus, Aspergillus parasiticus and A.
nomius) (CAST, 2003). Under appropriate temperature and humidity
they cold be encountered as contaminants of many foods for men
and animals. Aflatoxins are natural contaminants of cereals (corn,
wheat, sorghum, millet, rice), oil seeds (soybean, peanuts,
sunflower, cotton, peanut and cotton meals), some spices (black and
red pepper, chili peppers, coriander, curcuma), nuts (almonds,
walnuts, coconuts), milk and milk products (CAST, 1989; Robens et
al., 1992; Thompson and Henke, 2000; Lopez et al., 2002; Aycicek et
al., 2005; Saleemullah et al., 2006). The highest concentrations of
aflatoxins are established in cereal crops, rice and oily nuts (WHO ,
2000; Otsuki et al., 2002; Bennett and Klich, 2003; Thrasher, 2012).
Optimum conditions for growth and toxin production for the genus
Aspergillus (Aspergillus flavus and A. Parasiticus) include
temperature 36-38°С, air humidity 85% (Diener et al., 1987) and
substrate humidity above 14% (Royes et al., 2002). Aflatoxins are
teratogenic, mutagenic and carcinogenic (Abd El-Hamid and Dorra,

1993; Charlton et al., 2006). On the basis of their chemical structure,
chromatographic and fluorescence features, they could be
differentiated into subtypes В (В1 and В2) and G (G1 and G2) (Pier,
1992). Aflatoxin В1 is the commonest form in naturally contaminated
feeds and at the same time, the most toxic compound for domestic
poultry, animals and men. Aflatoxin В1 comprises 75% of all
aflatoxins in naturally contaminated feeds and foodstuffs (Casado et
al., 2001). Its amount in naturally contaminated feeds varies from 0
to 30 μg/kg, and the total aflatoxin (AFB1, AFB2, G1 and G2) – from 0 to
50 μg/kg (FAO, 1995). According to European Economic
Community legislation and the USA Food and Drug Administration
(FDA) the total amount of aflatoxin in poultry feeds should not
exceed 20 ppb (EEC, 1991; Aravind et al., 2003).
Some avian species, especially chickens, goslings, ducklings
and turkey poults are more sensitive to the toxic effects of aflatoxins
(Dalvi, 1986). The general deleterious effects of these compounds in
birds are reduced weight gain, reduced feed utilisation, poorer feed
conversion, immunosuppressive effects, liver and kidney damage,
altered relative weights of viscera (Kubena et al., 1993a,b; 1998;
Rosa et al., 2001; Sakhare et al., 2007; Soliman et al., 2008).
Although in most instances aflatoxin-contaminated feeds
provoke disturbances in liver and kidney morphology, they also
impair the normal histology of pancreatic acinar cells. After
experimental aflatoxicosis in quails (Chang and Hamilton, 1982) and
chickens (Bailey et al. 1998; Kubena et al., 1993a,b, 1998;
McKenzie et al., 1998; Ledoux et al., 1999), larger pancreas size,
haemorrhages and congestion were reported in quails (Jakhar and
Sadana 2004), as well as vacuolar dystrophy and degeneration in
ducks (Agag, 2004).
Numerous strategies are recommended for detoxication and
deactivation of mycotoxin-contaminated feeds including gamma ray
irradiation, heat inactivation, physical separation, microbial
degradation, treatment with chemicals (El-Nezami et al., 2004;
Abbès et al., 2006 a, b). The removal of aflatoxins from foodstuffs
and animal feeds remains an important issue of the development of
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efficient means for decontamination (Oguz et al., 2000). One of the
strategies includes natural clays that are able to bind aflatoxins in the
alimentary tract and thus, to reduce their bioavailability and
resorption. Thus, the aflatoxin-clay complex is excreted with faeces
(Abdel-Wahhab et al., 2002; Bintvihok, 2002). At present, various
inorganic and organic mycosorbents are known: bentonites (Ibrahim
et al., 2000; Rosa et al., 2001), zeolites (Kececi et al., 1998; Oguz et
al., 2000), yeasts (mannan oligosaccharides, MOS) (Devegowda et
al., 1998), accharomyces cere isiae (Raju and Devegowda 2000),
Mycosorb ( ildirim et al., 2011) due to their ability to exert a
preventive or reducing effect against aflatoxins' toxicity.
The aim of the present study was to follow out morphological
changes in the pancreas of broiler chickens resulting from the toxic
effects of aflatoxin В1 either solely or in combination with the
mycosorbent Mycotоx NG.

Material and methods
The experiments were carried out with 50 Cobb 7-day-old
broiler chickens of both genders, divided in 5 groups of 10 chickens.
Experimental design
· Group I – control. The chickens received compound feed
according to their age, produced at Provimi, Stara agora.
· Group II – experimental, supplemented with 1 g/kg Mycotox
NG (Ceva Sante Animale, France);
· Group III – experimental, supplemented with 0.5 mg/kg
aflatoxin B1;
· Group IV – experimental, supplemented with 0.8 mg/kg
aflatoxin B1;
· Group V – experimental, supplemented with 0.5 mg/kg
aflatoxin B1 and 1 g/kg Mycotox NG.
Aflatoxin В1 produced by Aspergillus flavus (99% purity) was
purchased from Sigma-Aldrich, Germany. All birds were housed
under identical optimum microclimatic parameters as required by
Ordinance 44/2006.
After the end of the experiment, the birds were euthanised by
cervical dislocation. Pancreas specimens were fixed in 10% formalin

1. Hyperaemia and haemorrhages in the pancreas
of broiler chickens after 42-day treatment with . mg/kg
AF .
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and routinely processed. Specimens were embedded in paraffin
blocks, sectioned at 3 µm on a Leica RM 2235 microtome, and
stained with haematoxylin/eosin.
The experiments were approved by the Animal Ethics
Committee at the Faculty of Veterinary Medicine, Trakia University
(permit 319.10.10.2011).

Results
Gross anatomy studies
Control chickens and chickens that received only 1 g/kg
Mycotox NG did not exhibit any gross changes in the pancreas.
Chickens treated with 0.5 mg/kg AFB1 supplemented with 1
g/kg Mycotox NG, had no visible pancreatic changes.
The pancreas of birds from the groups treated either with 0.5 or
0.8 mg/kg AFB1, was hyperaemic, and some birds exhibited single
haemorrhages (Figure 1).
Histopathological studies
The histopathological examination of chickens treated with 0.5
mg/kg AFB1 revealed generalised vascular hyperaemia, interlobular
oedema, disintegration signs with initial disorganisation of glandular
acini. The epithelial cells of exocrine pancreas had vacuolar
dystrophy and the number of secretory granules was reduced. The
nuclei of most cells were of smaller size, hyperchromatic
(karyopyknosis) and in some locations, with indistinct margins and
weakly stained nuclei (karyolysis). In the endocrine part of the
pancreas, the cells of the islets of Langerhans also exhibited signs of
cytoplasm vacuolation, and most of cell nuclei showed signs of
karyopyknosis (Figure 2 ).
The pancreas of chickens treated at 0.8 mg/kg AFB1 showed a
compelte disorganisation of glandular acini, haemorrhages and
initial necrobiotic changes. Apart the vaculaor dystophy of exocrine
pancreatic cells, mononuclear cell infiltrations were encountered in
some areas (Figure 3).
The birds treated with 0.5 mg/kg forage AFB1 and Mycotox NG
had substantially milder dystrophic changes of pancreatic cells
compared to chickens treated only with AFB1 at 0.5 ppm or 0.8 ppm:
mild interlobular oedema, generalised hyperaemia, initial granular

2. Vacuolation of the cytoplasm of exocrine
pancreatic cells and Langerhans islet cells in broiler
chickens after 42-day treatment with .5 mg/kg
AF . H/ . Bar 5 m

3. Mononuclear infiltrates in the exocrine pancreas
of chickens of broiler chickens after 42-day treatment with
. mg/kg AF . H/ . Bar 2
m

. Mild interlobular oedema ( ) and initial granular
dystrophy of the cytoplasm of Langerhans islet cells ( ) in
chickens treated with .5 mg/kg AF and Mycotox NG.
H/ . Bar 2
m

dystrophy of the cytoplasm of Langerhans islet cells (Figure 4).
Untreated controls and the group whose feed was
supplemented only with 1 g/kg forage Mycotox NG showed no
histopathological alterations of pancreatic structure.

group III (treated at 0.5 mg/kg AFB1).
The alterations in experimental groups III and IV (vacuolar
dystrophy and degeneration of epithelial cells of glandular acini)
were similar to those described in ducks (Agag, 2004).
Some plant mycosorbents e.g. ginger (Abd El-Haleem et al.,
2011) are capable to adsorb aflatoxins and thus, to reduce the toxic
impact of AFB1 on pancreas morphology (hyperaemia, interlobular
oedema, vacuolar and granular dystrophy). Similar histological
picture was established in experimental group V (treated
simultaneously with 0.5 mg/kg aflatoxin В1 and 1 g/kg Mycotox NG).
The observed morphological changes in pancreatic acinar cells
consequently to toxic AFB1 effects could be attributed to protein
synthesis inhibition, formation of DNA, RNA and protein adducts,
RNA synthesis inhibition through binding to DNA-dependent RNA
polymerase, endoplasmatic reticulum degranulation – mechanisms
through which the structure of different organs (liver, kidneys,
skeletal muscles, heart, pancreas etc.) could be damaged (Sharma
et al., 2011). The established morphological changes of the
pancreas could be explained with AF-induced ultrastructural
changes in mitochondria and the resulting reduction in their function
and apoptosis (Vermeulen et al., 2003; Hornsby, 2007). Also,
aflatoxins reduce the length of chromosomal telomeres and disturb
the normal cell cycle and the normal morphological structure of
tissues (Hornsby, 2007).
In birds, the activity of glutathione-S-transferases (GSTs)
involved in the conjugation, detoxication and excretion of aflatoxins
is low. The deficiency or complete lack of functional GSTs activity
with affinity towards binding to the main AFB1 metabolite (AFBO) in
birds is the main cause for the exceptionally high susceptibility of
birds (Klein, 2000). Glutathione-S-transferases (GSTs) exert an
antioxidant function during the liver detoxication of aflatoxins,
reduce oxidative stress and reactive oxygen species (ROS)
produced during lipid peroxidation (Johnson et al., 1997).

Discussion
Pancreas is an important organ participating through its
enzymes and hormones in the metabolism of carbohydrates,
proteins and lipids. Every disturbance in the function of this organ
could directly influence the quality of life and performance of animals
(Simsek et al., 2007).
In an experiment with broilers chickens fed feed contaminated
with 1 mg/kg AFB1 and/or 20 mg/kg cyclopizonic acid (CPA) from
hatching to 28 days of age, Kumar and Balachandran (2009)
observed lower number of secretory granules in pancreatic acinar
cells, dissociation, disorganisation of acini, necroses and
mononuclear cell infiltration. Similar morphology and furthermore,
vascular hyperaemia, interlobular oedema, karyopyknosis,
karyolysis, vacuolar dystrophy and mononuclear cell infiltration were
observed in the present study in birds receiving increased doses of
AFB1 (0.5 or 0.8 mg/kg feed). The severity of histopathological
lesions in this experiment depending on the test dose of AFВ1.
The detected morphological pancreatic changes were
comparable to those established in broiler chickens treated with 0.5
mg/kg Т-2 toxin (mononuclear cell infiltration, vacuolar
degeneration, reduction of secretory granules) (Krishnamoorthy et
al., 2007).
Impaired pancreatic morphology was observed in quails treated
orally with 2.5 or 5.0 mg/kg total AF over three weeks (Simsek et al.,
2007). The light microscopy of the pancreas revealed vacuolar
dystrophy of epithelial cells and mononuclear cell infiltrations in
exocrine pancreas in birds receiving 2.5 mg/kg AF. The group
treated at 5.0 mg/kg AF demonstrated more severe lesions
(necrotic foci). The observed morphological changes were similar to
those described in our study.
The haemorrhages and congestion events reported in quails
with experimental aflatoxicosis (Jakhar and Sadana 2004)
corresponded to morphological changes described in experimental

Conclusion
In conclusion, the independent supplementation of broiler
chickens fed increasing doses of AFB1 (0.5 or 0.8 mg/kg feed)
impaired the pancreas morphology (hyperaemia of blood vessels,
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interlobular oedema, dissociation, disorganisation of glandular acini,
karyopyknosis and karyolysis of epithelial cell nuclei,
haemorrhages, mononuclear cell infiltrations, necrobiotic changes).
In this study, the addition of 1 g/kg Mycotox NG to the feed
contaminated with 0.5 mg/kg AFВ1 was found capable of reducing
the severity of pancreatic histological lesions induced by
aflatoxicosis (hyperaemia, milk interlobular oedema, initial glandular
dystrophy).
In this study, the addition of Mycotox NG at 1 g/kg to the diet
containing 0.5 mg/kg AFВ1 was able to prevent aflatoxicosis-related
histological lesions.
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