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Nutrition and Physiology
 

Impaired pancreatic function in mulard ducks with experimental aflatoxicosis

1 2 1 1 1 1 1I. Valchev *, N. Grozeva , D. Kanakov , Ts. Hristov , L. Lazarov , R. Binev , Y. Nikolov

1Department of Internal Non-Infectious Diseases, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of General and Clinical Pathology, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, Bulgaria 

Abstract. Changes in blood concentrations of some biochemical indices (alpha amylase, lipase, insulin and blood glucose) as well as in pancreas morphology 
were monitored in mulard ducks with experimental aflatoxicosis В . The experiments were conducted with 4 groups of 20 10-day-old mulard ducks: group I – 1

control, fed a standard compound feed according to the species and the age; group II – experimental, whose feed was supplemented with 0.5 mg/kg AFB , 1

group III – experimental, supplemented with 0.8 mg/kg AFB  and group IV – experimental, supplemented with 0.5 mg/kg AFB  and 2 g/kg Mycotox NG. The 1 1
stduration of the experiment was 42 days. By the 21  day of the experiment, ducks from groups II and III showed reduced activity of enzymes and blood glucose. 

ndThe observed changes tended to become more pronounced by the 42  day of the trial. Histopathologically, the pancreas exhibited intralobular swelling, 
disorganisation and disintegration of glandular acini, various extents of dystrophic changes, mononuclear infiltrates as well as necrobiotic changes depending 
on the dose of ingested toxin. The supplementation of contaminated feed with a mycosorbent (Mycotox NG) reduced statistically significantly the changes in 
blood biochemical parameters as well as the severity and frequency of observed histological lesions.
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birds, as well as blood total protein, cholesterol and urea Introduction
concentrations (Dewegowda and Murthy, 2005). Maurice et al. 
(1983) demonstrated that oral intake of low concentrations (50 or Aflatoxins are secondary toxic metabolites produced by 
100 µg/kg b.w.) aflatoxins with feeds could disturb the normal Aspergillus flavus, A. parasiticus and A. nomius (Miller, 1995; Kim et 
metabolism in broiler chickens. The production of aflatoxins in al., 2001; Huwing et al., 2001). These fungi are natural contaminants 
animal feeds increased in ambient temperatures higher than 27°С, of poultry feeds (Edds and Bortell, 1983). The global distribution of 
humidity > 62% and feed moisture > 14% (Russo and Yanong, aflatoxins causes significant economic losses to poultry industry and 
2002). Birds exposed to the toxic effect of aflatoxins are prone to livestock husbandry (Miller, 1995). They are frequently detected as 
parasitic, bacterial and viral diseases (Pier, 1981). contaminants of cereal crops (wheat, corn, soy, sorghum), which are 

The detoxication of aflatoxin-contaminated feeds is a major among the commonest ingredients of poultry feeds. Aflatoxins are 
problem faced by poultry industry (Leeson et al., 1995). The encountered as field cereal contaminants before the harvest and 
currently used methods for detoxication of feeds are chemical, then, during storage and after technological processing and 
physical and biological, as well as involve the use of mycosorbents packaging (Council for Agricultural Science and Technology, 1989). 
(Council for Agricultural Science and Technology, 1989; Abo-Norag The five main varieties encountered in cereal crops and animal 
et al., 1995; Parlat et al., 1999). Unfortunately, most of these foodstuffs are aflatoxin B , B , G , G  and M . AFB  is the most 1 2 1 2 1 1

approaches are expensive, time-consuming and only partly efficient. biologically active compound among all aflatoxins (Busby and 
Natural and synthetic zeolites (Kececi et al., 1998; Oguz et al., Wogan, 1981; Kubena et al., 1990; Barjesteh et al., 2010). The 
2000), bentonites (Ibrahim et al., 2000; Rosa et al., 2001), Mycosorb detrimental effects of aflatoxins in poultry are characterised with 
(Basmacioglu et al., 2005), and other adsorbents are preferred due reduced growth rate, lower feed conversion, immunosuppressive 
to their ability to bind aflatoxins in the gastrointestinal tract and thus, effects, changes in relative weights of viscera, changes in 
to reduce their absorption. The main advantages of adsorbents are haematological and blood biochemical parameters (Kubena et al., 
their low cost, easy application through supplementation to feeds 1993a,b, 1998; Oguz et al., 2000; Rosa et al., 2001; Basmacioglu et 
and reliable effect. According to the American Food and Drug al., 2005; Sakhare et al., 2007; Soliman et al., 2008). Aflatoxins 
Agency (FDA) permissible dietary aflatoxin concentrations for induce morphological alterations in vital organs such as the liver and 
poultry are up to 20 ppb (Aravind et al., 2003). the kidneys. Liver morphological changes are characterised with 

Although the intake of feeds contaminated with aflatoxins in increase relative weight, paler colour (yellowish), as well as 
most cases leads to liver damage, the pancreatic function could be dystrophic changes in hepatocytes and hyperplasia of bile ductules 
also affected through damage of pancreatic acinar cells. After (Dafala et al., 1987; Ledoux et al., 1999; Ortatatli and Oguz, 2001). In 
experimentally induced aflatoxicosis in quails (Chang and Hamilton, renal parenchyma, aflatoxins induce hyperaemia, haemorrhages, 
1982) and chickens (Bailey et al., 1998; Kubena et al., 1993a,b, dystrophic and necrotic changes (Sakhare et al., 2007; Soliman et 
1998; McKenzie et al., 1998; Ledoux et al., 1999) a higher relative al., 2008). They inhibit the activity of enzymes involved in the 
weight of the pancreas, haemorrhages and congestive events were metabolism of carbohydrates, proteins, lipids and nucleic acids in 
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established in quails (Jakhar and Sadana, 2004) and degenerative medical, Italy) for analysis of alpha amylase, lipase, blood glucose 
alterations – in ducks (Agag, 2004). and insulin concentrations. Blood was centrifuges within 30 min from 

oContamination of animal feeds and foods for human collection at 1500×g for 10 min at 4 C. Plasma was separated, 
consumption with aflatoxins is an issue of particular significance immediately frozen and kept at –20°С until analysed. Alpha 
posing a serious threat to economy and animal and human health. amylase, lipase and blood glucose were analysed on an automated 
The effects of these mycotoxins on the metabolism of biochemical analyser BS–120, Mindray, China. Insulin levels were 
carbohydrates, proteins and fat result in inevitable changes in the assayed using the electroluminescence method (ECLIA) on an 
histostructure of the pancreas and concentrations of pancreatic automated biochemical analyser Elecsys 2010, Roche.
enzymes. The purpose of the present study was to follow out the After the end of the experiment, the control and treated birds 
changes in some biochemical parameters specific for pancreatic were euthanised by cervical dislocation. Pancreas specimens for 
functions (α-amylase, lipase, glucose and insulin) as well as the histology were fixed in 10% solution of neutral formalin. Samples 
changes occurring in the morphology of the gland. were embedded in paraffin after dehydration in ethanol series. The 

paraffin blocks (5 m) were cut on a microtome Leica RM 2235 and 
stained with haematoxylin-eosin.

The experiment was approved by the Ethics Commission and Material and methods
Animal Welfare at theTrakia University, Stara Zagora (Permit 
42.10.10.2011).The experiment was performed with eighty 10-day-old female 

Data were statistically processed by one-way analysis of mulard ducks. They were divided into 4 groups with 20 birds in each. 
variance (ANOVA), and the level of statistical significance was The experimental design was as followed:
determined by the Tukey-Kramer test (p0.05).

·  Group І – control. Mulards from the control group were fed 
balanced compound feed according to their age, manufactured at 
the Zoohraninvest, Stara Zagora. They were fed pelleted starter, 

Resultsgrower and finisher feeds.
·  Group ІІ – experimental. Mulards received the standard feed 

Blood biochemical analysessupplemented with 0.5 mg/kg aflatoxin В .1

Table 1 presents the changes in studied blood biochemical ·  Group III – experimental. Mulards received the standard feed 
indices (α-amylase, lipase, insulin and glucose) in control ducks and supplemented with 0.8 mg/kg aflatoxin В .1

those treated with AFB  either independently or in combination with 1·  Group IV – experimental. Mulards received the standard feed 
the tested mycosorbent. The concentrations of pancreatic enzymes supplemented with 0.5 mg/kg aflatoxin В and 2 g/kg Mycotox NG 1 

(α-amylase and lipase) were statistically significantly lower (Ceva Sante Animale, France). 
(p<0.001) in ducks treated only with AFB  (groups II and III) by the 1Aflatoxin В  used in this experiment was produced by 1 st nd st21  and 42  day. By the 21  day, α-amylase and lipase were Aspergillus flavus (99% purity) and purchased from Sigma-Aldrich, 
461±11.60 U/l and 28.3±2.79 U/l in group II and 400±12.66 U/I and Germany. In experimental groups, the feed was ground before being 
23.7±1.93 U/I in group III respectively vs compared to controls mixed with aflatoxin for better homogenisation. The mulards were 

nd (519±39.01 U/l and 38.7±4.29 U/l). By the 42 day, the observed reared under optimal microclimatic conditions, equal for all groups. 
changes were more pronounced. The average α-amylase In the beginning of the experiment, ambient air temperature was 

th concentrations were 418±17.09 U/I and 360±19.06 U/l (p<0.001), 35°C and decreased by 1°C daily until the 15  day to attain 20°C by 
th and those of lipase – 24.6±2.95 U/l and 19.8±1.93 U/l (p<0.001) the 28  day; thereafter it was kept at +18°C, with relative air humidity 

respectively vs compared to controls (528±28.51 U/l and 36.5±4.42 60–75% (Ordinance, 44/2006). The duration of the light day was 24 
U/l). The addition of 2 g/kg Mycotox NG to the feed contaminated h throughout the trial. The control and experimental groups were 

2 with 0.5 mg/kg AFB  reduced substantially (p<0.05-p0.01) the toxic 1housed in separate 4 m sections in the same premise. The sections 
effects of the tested mycotoxin. The values of α-amylase and lipase were bedded with a 5 cm-layer of clean dry wood shavings. During 

stin group IV by the 21  day were 488±10.09 U/l and 33.2±3.85 U/l, the first week, the feeding width was 1 сm and thereafter – 10 cm. 
ndrespectively, and by the 42  day: 498±26.79 U/l and 31.9±4.38 U/l. Blood samples were collected from v. metatarsalis medialis by the 

st
st nd Blood plasma glucose also decreased considerably by the 21  day in 21  and 42  day of the trial in sterile heparinised vacutainers (FL 

Table 1. Effect of aflatoxin В  (AFB ) administered independently or with Mycotox NG on blood plasma α-amylase, lipase,1 1

insulin and glucose in mulard ducks 

a b cData are presented as mean ± SEM; n=20 in each group; P<0.05; P<0.01; P<0.001; 1 vs control group;
2 vs experimental group I; 3 vs experimental group II

α-amylase, U/l

G
ro

up
s

І

ІІ

III

IV

519 ± 39.01
1c461 ± 11.60
1c,2c400 ± 12.66
1a,2а,3c488 ± 10.09

528 ± 28.51
1c418 ± 17.09
1c,2c360 ± 19.06
1a,2a,3c498 ± 26.79

38.7 ± 4.29
1c28.3 ± 2.79
1c,2a23.7 ± 3.74
1b,2a,3c33.2 ± 3.85

36.5 ± 4.42
1c24.6 ± 2.95
1c,2a19.8 ± 1.93
1b,2a,3c31.9 ± 4.38

2.82 ± 0.10

3.35 ± 0.20

3.42 ± 0.23

2.98 ± 0.20

3.10 ± 0.17

3.56 ± 0.15

3.62 ± 0.15

3.42 ± 0.12

19.00 ± 0.73
1c16.04 ± 0.35
1c,2a13.55 ± 0.67
1b,3a15.58 ± 0.46

17.27 ± 0.74
1c11.71 ± 0.37
1c  9.86 ± 0.40
1a,2b,3c14.71 ± 0.52

Day 21 Day 21 Day 21 Day 21Day 42 Day 42 Day 42 Day 42

Lipase, U/l Insulin, µIU/mL Glucose, mmol/l
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mg/kg AFB were much more intensive. Along with the distended experimental groups II (16.04±0.35 mmo/l) and III (13.55±0.67 1 
nd capillaries overfilled with blood, there were massive haemorrhages. mmol/l) (p<0.001) vs controls (19.00±0.73 mmol/l). By the 42  day, 

The iterlobular swelling was more severe with complete the difference vs controls were more distinct (p<0.001): 11.71±0.37 
disorganisation of glandular acini, necrobiotic areas and infiltration mmol/l in group II and 9.86±0.40 mmol/l in group III vs controls 
with mononuclear cells (Figure 2).(17.27±0.74 mmol/l). In group IV, the deleterious effects of AFB  on 1

st In birds treated with 0.5 mg/kg AFB and Mycotox NG, the blood glucose were partly reduced (p<0.05-p<0.01). By the 21  day, 1 

dystrophy of the pancreas was considerably milder compared to the the values were considerably lower vs controls 15.58±0.46 mmol/l 
ndvs 19.00±0.73 mmol/l (p<0.01) while by the 42  day: 14.71±0.52 

mmol/l vs 17.27±0.74 mmol/l (p<0.05). Insulin concentrations n 
experimental groups of mulards were insignificantly lower during 
both sampling intervals compared to untreated birds (р0.05).  

Pathomorphological results
Ducks treated with 0.5 mg/kg AFB  exhibited much distended 1

groups treated with 0.5 ppm AFB  and 0.8 ppm AFB . The 1 1

interlobular swelling was reduced, the disintegration of acinar cells 
was insignificant, there were no haemorrhages, but only hyperaemic 
blood vessels, with prevailing granular and lesser extent of vacuolar 
dystrophy of cell cytoplasm (Figure 3).

In control untreated birds, no histopathological alterations of the 
pancreas have been noticed. 

capillaries and interlobular swelling. Pancreatic acinar cells showed 
signs of disintegration with initial disorganisation of glandular acini. 

DiscussionWithin the cells, there was glandular breakdown and vacuolation of 
the cytoplasm, and the nuclei of most cells were karyorrhexic and 

The pancreas is a vital organ involved in the metabolism of karyopyknotic with several cells with lysed nuclei (Figure 1).
carbohyrates, proteins and lipids through its enzymes and The dystrophic pancreatic changes in mulards treated with 0.8 
hormones. Each disturbance in the function of this organ could 
directly influence the quality of life andp roduction traits in animals 
(Simsek et al., 2007). In addition to economic losses due to feeding 
aflatoxin-contaminated feeds, teratogenic effects could also occur in 
humans afte consumption of meat and eggs from animals exposed 
to the harmful effect of these toxins (Sawhney et al., 1973). Also, 
immunosuppressive effects in birds (Agag, 2004) and increased 
sensitivity to parasitic, bacterial and viral diseases were reported 
(Pier, 1981). Although numerous studies demosntrate the 
deleterious effects of afltoxins on productive taits in domestic fowl 
(Huff et al., 1986; Cheng et al., 2001; Zaghini et al., 2005) the studies 
on their effect on pancreastic digestive enzymes are rather scarce. 
One of the most singificanty complications in chickens fed aflatoxin 
contaminated feeds is the non-efficient utilisation of lipids and 
steatorrhea due to reduced lipase activity (Matur et al., 2010). In this 
study, blood activities of α-amylase and lipase decreased in ducks 
fed feeds with increasing level of aflatoxin В  compared either to 1

controls or to mycosorbent-supplemented group. Some natural 
adsorbents as kaolin (Al-Jubory, 2000) and some plants as ginger 
(El-Haleem and Mohamed, 2011) are able to absorb the aflatoxins 

Figure 2. Pancreas in mulard ducks treated with 0.8 mg/kg
feed AFB . Mononuclear infiltrations in exocrine pancreatic1

areas. H/Е. Bar 20 µm.

Figure 1. Pancreas in mulard ducks treated with 0.5 mg/kg
feed AFB . Granular disintegration and vacuolation of the1

cytoplasm of acinar cells. H/Е. Bar 20 µm.

Figure 3. Pancreas in mulard ducks treated with 0.5 mg/kg
feed AFB  and Mycotox NG. Blood vessel hyperaemia and1

insignificant interlobular swelling. H/Е. Bar 20 µm.
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and to exert a protecting effect on the function of the pancreas. excessive productio of insulin, although birds are known to be non-
Osborne and Hamilton (1981) reported a reduction in lipase activity sensitive to insulin (Simon, 1989). Hypoglycaemia could be also a 
in chickens treated with high doses aflatoxins in their feed. The result from the inability to use free amino acids for maintaining blood 
target organ after consumption of aflatoxin-contaminated rations is glucose concentrations consequently to impaired glyconeogenesis 
the liver, but marked changes were also observed in pancreatic (Soliman et al., 2008). Other researchers believe that lower glucose 
acinar cells (Simsek et al., 2007). result not only from reduced breakdown and absorption of 

The histological changes in the pancreas and some carbohydrates, but also from disturbed liver and pancreatic 
biochemical indices of pancreatic function were monitored in rats functions (lower levels of α-amylase) (Manning et al., 1985; 
treated orally with 250 μg/kg AFB , and 250 μg/kg AFB  and 400 Anandkumar, 2006). 1 1

The reduced activity of pancreatic digestive enzymes (α-mg/kg ginger five times a week over 4 weeks (El-Haleem and 
amylase and lipase) demonstrated in this study was in agreement Mohamed, 2011). The investigations showed that in the group 
with the results of other authors in broiler chickens with experimental treated with aflatoxin В  only, interlobular septae were thickened, 1

aflatoxicosis (Osborne and Hamilton, 1981; Osborne et al., 1982; blood vessels were overfilled with blood, and cell proliferates (mast 
Balachandran and Balachandran, 1988; Al-Jubory, 2000). The and adipose cells) were present. The eptihelial cells in glandular 
deficiency of pancreatic enzymes results on one hand from reduced acini exhibited vacuolar dystrophy. Some of the cells had small 
absorption of nutrients, and on the other, from dystriohic alterations dense hyperchromic nuclei and melted cytoplasm. разтапяне на 
in glandular acini. цитоплазмата. Most islets of Langerhans were built of disintegrated 

The presence of aflatoxins in compound feeds causes the cells, with distended capillaries overfilled with blood. In rats treated 
observed decrease in the activity of enzymes participating in the with aflatoxin В and ginger, pancreatic lobules were divided with thin 1 

degradation of carbohydrates, proteins, fats and nuclei acids in inerlobular septae. Blood biochemical analysis showed increased 
broiler chickens (Campbell et al., 1983; Dewegowda and Murthy, concentrations of α-amylase and glucose, and lower insulin levels in 
2005). Aflatoxins lead to nutritional deficiency and hence, lower the group treated with aflatoxin В only. A statistically significant 1 

groth rate and increased relative weights of viscera (Huff et al., 1986; reduction in  α-amylase and glucose and increase in insulin has 
Kubena et al., 1990). This deficiency could also disturb the activity of occured in rats given aflatoxin В  and ginger.1
digestive enzymes and thus cause lower absorption of nutrients In an experiment with broiler chickens fed 1 mg/kg AFB and 20 1 (Bolden and Jensen, 1985). Aflatoxins provoke degenerative 

mg/kg cyclopiazonic acid (CPA) either independently or in 
changes in the pancreas of ducks (Agag, 2004). Such degeneration 

combination from hatching to 28 days of age, Kumar and 
with formation of multilamellar bodies in pancreatic acini has been 

Balachandran (2009) observed reduced number of secretory 
observed in pigs with experimental fumonisin В  toxicosis (Haschek 1granules in pancreatic acinar cells, acinar cells dissociation, 
et al., 1992). By light microscopy in rats treated with AFB, Rao et al. necroses and mononuclear cell proliferation. In rabbits whose feed 
(1974) estbalished reduction of secretory granules, vacuolation in was supplemented with 0.5 mg/kg AFB , congestive and 1 pancreatic acinar cells, mononuclear cell infiltration in the exocrine 

degenerative changes in the endocrine part of glandular acini were 
part of the pancreas in the group treated with 2.5 mg/kg AF. The 

demosntrated (Lakkawar et al., 2004). 
group which received a higher dose (5 mg/kg AF) dystrophic 

Degenerative and necrotic processes in acinar pancreatic cells 
changes have assumed a necrotic character.

have been reported in pigs treated with a sublethal dose Т-2 toxin 
(0.6 mg/kg body weight) applied intravenously in the ear vein (Pang 

Conclusion et al., 1986). In affected cells, a large vacuole or several smaller of 
various size with laterally situated karyopyknotic and karyorrhectic 

In conclusion, the supplementation of compound feed of mulard nuclei could be observed. A large part of degenerated cells exhibited 
ducklings with various doses of AFB  (0.5 or 0.8 mg/kg) influenced round cytoplasmic dense areas or hyalinisation, surrounded by a 1

negatively blood biochemical indices of pancreatic function (lower halo. At the same time, interlobular swelling, fibrin deposits and fat 
concentrations of α-amylase, lipase and blood glucose). Increased necrosis were present. Within the islets of Langerhans, the cells 
doses of AFВ  induced morphological changes in the pancreas. In showed vacuolar dystrophy and growth of cytoplasmic granules. In 1

one pig, there was a necrotic pancreatitis with swelling, indistinctly this experiment, the addition of 2 g/kg Mycotox NG to the feed 
delineated lobules, disorganisationof glandular acini, infiltration of contaminated with 0.5 mg/kg AFВ  could effectively alleviate the 1

neutrophilic leukocytes and macrophages, hypertrophy and alterations of assayed blood biochemical parameters and the 
hyperplasia of acinar duct epithelium. severity of aflatoxicosis-induced histological lesions of the 

In chickens treated orally with 0.5 mg/kg Т-2 toxin, mononuclear pancreas.
cell infiltration, vacuolar degeneration and reduction of the number 
of secretory granules were reported (Krishnamoorthy et al., 2007).
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