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Investigations on liver function in mulards with experimentally induced aflatoxicosis
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1  Department of General and Clinical Pathology, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, Bulgaria
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Abstract. Ducklings are among the most sensitive avian species to the toxic effects of aflatoxin В  (AFB ). In this experiment, the toxic effects of AFB  on liver 1 1 1

morphology, blood plasma aspartate amino-transferase (AST), alanine amino-transferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), 
γ-glutamyltransferase (γ-GT), albumin, blood glucose, and plasma total protein (TP) were established in mulard ducks. The experiment was carried out with 
four groups of 20 10-day-old ducklings each. Each group included three subgroups with 10 birds. The groups were as followed: group І – control (which 
received standard feed according to the species and age), group ІІ – experimental, which received compound feed with 0.5 mg/kg AFB , group ІІI– receiving 1

compound feed supplemented with 0.8 mg/kg AFB  and group IV –  compound feed supplemented with 0.5 mg/kg AFB  and 2g/kg Mycotox NG. The 1 1

experiment lasted for 42 days. Blood biochemical data on the 21st day of the experiment showed increased activity of assayed enzymes and reduced 
concentrations of albumin, total protein and glucose in groups receiving only AFB . The observed changes tended to become more pronounced by the 42nd 1

day of the trial. Macroscopically, livers were enlarged, rounded, with yellowish colour and a frail consistency. Histopathologically, a various extent of dystrophy 
was detected depending on the dose of ingested toxin. The addition of 2 g/kg Mycotox NG to the feed of experimental group IV (containing 0.5 mg/kg AFB ) 1

reduced the harmful effects of AFB  on blood biochemical indices and significantly lowered the severity and frequency of observed histological lesions.1

Keywords: aflatoxicosis, toxicity, duckling, chicken, liver damage, mycosorbent aluminosilicate, esterified glucomannan, mycotox NG
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metabolism (carbohydrates, vitamins, proteins, amino acids, lipids). Introduction
One of most important toxic effects of the toxin in the inhibition of 
protein synthesis which results in considerable reduction of plasma Mycotoxins are secondary toxic metabolites produced by 
protein concentrations (Tung et al., 1975a, 1975b), mainly globulins moulds growing on numerous nutrients as maize, sorghum, peanuts 
and albumin (Huff et al., 1986a, 1986b; Kubena et al., 1990a, 1990b; and wheat (Hussein et al., 2001). The cause of mycotoxicoses in 
Fernández et al., 1994). Also, the changes in serum and plasma animals is the consumption of cereal and rough fodders 
activity of numerous enzymes as aspartate aminotransferase (AST), contaminated with mycotoxins (Chu, 1991). Aflatoxins are 
alkaline phosphatase (AP), gamma glutamyl transferase (γ GT), exceptionally toxic chemical compounds produced by some 
lactate dehydrogenase (LDH) and creatine kinase (KK), are used as members of the order Aspergillus (A. flavus and A. parasiticus) 
evaluation criteria to determine the severity of aflatoxicosis in (Fernández et al., 1995). They are encountered in field conditions as 
chickens, ducklings and turkey poults (Dafalla et al., 1987; contaminants of cereal crops after harvesting, during the storage in 
Ostrowski-Meissner, 1984; Rao and Joshi, 1993; Lesson et al., storehouses and after processing (Council for Agricultural Science 
1995; Quist et al., 2000). The presence of small amounts of AFB  in 1and Technology, 1989). The moisture content and temperature are 
poultry feeds causes stunted growth, reduces the forage the primary regulators of fungal growth and of aflatoxin formation in 
conversion, egg hatchability and increases the susceptibility to nutritive substrates. Optimal conditions for growth of fungi and for 
infectious and parasitic diseases (Coulombe, 1993). In 1973, the toxin production in cereal crops and oil plant seeds are a 
EEC approved the maximum allowances of AFB  in feeds for temperature between 12–42 °С and humidity 18% and 9–10%, 1

different livestock species (EEC, 1974). At present, the EC respectively (WHO, 1979). Aflatoxins cause substantial economic 
allowances in compound feeds for cattle, goats and sheep are 50 losses in poultry and livestock industry. In many instances, feeding 
ng/g and 20 ng/g for poultry and swine and another 20 ng/g and 5 aflatoxin-contaminated feeds could result in poor economic results 
ng/g for feed additives (EEC, 1991). Aflatoxicosis-related in poultry husbandry (Jones et al., 1982; Nichols, 1983; Hamilton, 
morphological changes in important visceral organs such as the 1984). The biochemical activity of aflatoxins is manifested by 
liver, is very important for diagnosing this mycotoxicosis. Gross impaired metabolism of the energy, carbohydrates, proteins, lipids 
changes in the liver are enlarged size, rounded borders and and nucleic acids (Ellis et al., 1991). Their biological effects include 
discoloration (yellowish tint). These changes are histologically seen also carcinogenicity, mutagenicity, teratogenicity and hepatotoxicity 
as dystrophy and necrosis of hepatocytes, hyperplastic epithelium of (Coulombe, 1991). Aflatoxins are a frequent cause for reduced 
biliary ductules and perilobular infiltration of mononuclear cells production of poultry meat with poor technological traits (Leeson et 
(Chattopadhyay et al 1985, Dafalla et al 1987, Bata et al., 1996; al., 1995). Several factors are responsible for these adverse effects 
Ledoux et al 1999; Bintvihok et al., 1991b). of aflatoxins: lower activity of pancreatic enzymes, reduced bile 

Data provided by the Food and Agriculture Organization of the secretion (Coulombe, 1991), impaired locomotion due to sciatic 
United Nations (FAO) at least 25% of cereal crops produced at a nerve injury (Leeson and Summers 1988), DNA damage (Huff et al., 
worldwide scale are contaminated with aflatoxins (Dowling, 1997). 1986a; Tung et al., 1975a; Coulombe, 1991), as well as disturbed 
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Therefore, a variety of methods for feed detoxication have been 44/2006). The duration of the light day was 24 h throughout the trial. 
developed. These methods not only decrease the concentrations of The control and experimental groups of ducklings were housed in 

2toxins to safe levels (under the specified allowances), but prevent separate 4 m -sections in the same premise. The sections were 
the formation of new toxic compounds from aflatoxin degradation bedded with a 5 cm-layer of clean dry wood shaving. During the first 
without decreasing the nutritional value of treated foods. A variety of week, the feeding width was 1 сm and thereafter – 10 cm 
methods (physical, chemical, biological) were investigated with Blood samples were collected from v. metatarsalis medialis on 
regard to their efficacy for inactivation of aflatoxins in animal feeds days 21 and 42 using sterile heparinized vacutainers (FL medical, 
aimed to bind or destroy the toxin. The supplementation of feeds with Italy) for assay of enzyme activities of alanine aminotransferase 
various non-nutrient sorbents (aluminosilicates) decreases the (ALT), aspartate aminotransferase (AST), alkaline phosphatase 
gastrointestinal absorption of fungal metabolites (Piva et al., 1995). (ALP), γ-glutamyltransferase (γ-GT), lactate dehydrogenase (LDH), 

The aim of the current research was to evaluate the toxic effects and concentrations of total protein, albumin, blood glucose. Blood 
of AFB  on liver morphology and the related alterations in blood samples were centrifuged within 15 min after collection at 1500 rpm, 1

at 4°С. Immediately after that they were frozen at -20°С until biochemistry in mulard ducklings. At the same time, were 
analyzed. on a biochemical analyzer BS–120, Mindray, China.investigated the possibility for effective alleviation or prevention of 

After the end of the experiment, the birds were euthanised by toxic effects of AFB , through addition of the mycosorbent Mycotоx 1

cervical dislocation. Liver specimens for histological examination NG (Ceva Sante Animale, France) to feed.
were fixed in 10% formalin. The samples were embedded in paraffin 
using an ethanol series. Blocks of 5 μm were cut on a microtome 
Leica model RM 2235 and sections were stained with haematoxylin-

Material and methods eosin.
The statistical processing was performed using the computer 

The experiment was conducted with 80 10-day-old female program GraphPad. The statistical analysis was performed with 
mulards. They were divided into 4 groups, 20 birds in each, and one-way, ANOVA. In case of significant P-values (P<0.05), the non-
further subdivided in 2 equal subgroups. parametric Tukey-Kramer Multiple Comparisons test was then 

The experimental design was as followed: applied.
�Group І – control. Mulards of the control group were fed 

balanced compound feed according to their age, manufactured at 
the Zoohraninvest, Stara Zagora. They were fed pelleted starter Results
grower, and finisher feeds.

�Group ІІ  – experimental. Mulards received the standard 
Blood biochemical studies 

feed supplemented with 0.5 mg/kg aflatoxin В . 1 Blood plasma glucose, total protein and albumin changes in the 
�Group III – experimental. Mulards received the standard control groups of mulards and in experimental groups are presented 

feed supplemented with 0.8 mg/kg aflatoxin В .1 in Table 1. Blood glucose decreased statistically significantly on day 
�Group IV – experimental. Mulards received the standard 21 in experimental groups II and III (p<0.001) compared to controls. 

ndfeed supplemented with 0.5 mg/kg aflatoxin В (purity 99%) and 2 g 1 By the 42  day, the changes vs controls were distinctly marked 
Mycotox NG /kg feed (0.2%) (Ceva Sante Animale, France). (p<0.001). As shown on Table 1, plasma total protein and albumin 

Aflatoxin В  was produced by Aspergillus flavus (99% purity) 1 were statistically significantly lower (p<0.001) in both periods of 
and purchased from Sigma-Aldrich, Germany. In experimental observation in mulards which received only AFB  compared to 1

groups of mulards, the feed was ground with regard to the better controls. Blood activity of aminotransferases (AST and ALT) and 
homogenisation of aflatoxin В The access to feed and water was 1. lactate dehydrogenase, gamma glutamyl transferase and alkaline 
free (ad libitum). The mulards were reared in conditions compliant phosphatase were considerably elevated (p<0.01 – p<0.001) in both 
with the hygienic norms for this category birds. The microclimatic periods of observation in ducks treated only with AFB  in the feed 1

parameters were optimal and equal for all groups. In the beginning of (Table 2). The observed changes in chemical parameters depended 
the experiment, ambient air temperature was 35°C and decreased to AFB concentrations in feed and the duration of exposure. Blood 1  th thby 1°C daily until the 15  day; it was 20°C by the 28  day and biochemical parameters in experimental group IV, where AFB1 
thereafter – +18°C, with relative air humidity 60–75% (Ordinance administration was combined with the mycosorbent Mycotox NG 

Table 1. Effect of aflatoxin В1 (AFB1) alone or combined with Mycotox NG on blood plasma total protein, albumin and
glucose concentrations in mulard ducklings 

Data are presented as mean ± SEM; n=20 ducklings in each group; aP<0.05; bP<0.01; cP<0.001; 1  vs the control group;
2  vs experimental group I; 3  vs experimental group II.

Groups

І

ІІ

III

IV

Total protein (g/l)

42.00 ± 1.09
1c32.60 ± 1.36
1c,2c24.20 ± 1.42
1a,2а,3c37.20 ± 0.71

Day 21

40.20 ± 1.22
1c25.00 ± 1.62
1c,2a19.00 ± 1.57
1a,2c,3c35.00 ± 0.84

Day 42

26.00 ± 1.39
1c19.60 ± 1.04
1c,2a15.50 ± 0.92
1b,3a20.10 ± 0.65

24.10 ± 1.10
1c13.40 ± 0.94
1c,2a10.00 ± 0.69
1b,2c,3c19.50 ± 0.65

Day 21 Day 42

Albumin (g/l)

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 42

Glucose (mmol/l)
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Figure 1. Haemorrhages in liver parenchyma in ducklings 
treated with AFB at 0.5 mg/kg feed.1 

Figure 2. Fatty liver dystrophy in ducklings treated with AFB1 
at 0.8 mg/kg feed.
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showed in general lower values compared to experimental groups II Histopathological studies
and III, which received only AFB  at increasing levels, but remained Histopathological changes in the liver of mulards treated with 1

0.5 mg AFB /kg feed resulted in strong dilation of capillaries, statistically significantly lower than controls (p<0.05 – p<0.001). 1

pericapillary oedema and Kupffer cells' activation. In some of 
Gross anatomy studies ducklings, haemorrhages were observed. Hepatocytes exhibited 
Ducklings fed a ration containing AFB at 0.5 mg/kg feed granular degradation and cytoplasm vacuolation, karyorrhexis, 1  

karyopyknosis and initial fatty dystrophy (Figure 4 and 5).exhibited an enlarged liver, brown-yellowish in colour, with striated 
Ducklings treated with 0.8 mg AFB /kg feed exhibited more and petechial haemorrhages (Figure 1). 1

The liver of ducklings treated with AFB at 0.8 mg/kg feed was intense liver changes with predomination of fatty dystrophy. 1 

Perivascular mononuclear infiltrations were also observed (Figure markedly enlarged, with rounded borders and frail consistency. Its 
6). At some areas, there were small areactive necrotic foci and biliary colour was clay-brownish, with much enlarged gall bladder overfilled 
thrombi (Figure 7). The epithelium of biliary ductules was with bile (Figure 2).
hyperplastic. The birds treated with 0.5 mg/kg AFB  and Mycotox NG had a 1

The dystrophic changes in hepatocytes of mulards treated with slightly enlarged liver, with red-brownish to dark red colour 
0.5 mg AFB  /kg feed and Mycotox NG, were weak to moderate – depending on the degree of congestion, and enlarged gall bladder 1

cloudy swelling with granular dystrophy and less frequently, fatty (Figure 3).
dystrophy (Figure 8). Gross anatomy and histopathological changes 
in the liver of control mulards were not observed.

Table 2. Effect of aflatoxin В  (AFB ) alone or combined with Mycotox NG on blood plasma AST, ALT, γGT, LDH and 1 1

AP in mulard ducklings

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

Groups

І

ІІ

III

IV

AST (U/L)

44.7 ± 
 1.14

62.9 ±
1c1.96

81.8 ±
1c,2c2.12

51.9 ±
1a,2c,3c1.03

Day 21

48.1 ±
2.85

79.0 ±
1c2.29

108.9 ±
1c,2c3.03

62.3 ±
1c,2c, 3c1.46

Day 42

ALT (U/L)

Day 21

15.5 ±
0.74

27.0 ±
1c1.21

40.4 ±
1c,2c1.65

20.9 ±
1a,2b,3c0.91

Day 42

16.4 ±
0.60

31.7 ±
1c0.89

49.8 ±
1c,2c2.30

23.9 ±
1c,2c,3c1.42

γ-GT (U/L)

Day 21

15.8 ±
0.90

26.1 ±
1c1.13

32.7 ±
1c,2a1.83

20.6 ±
1a,2c,3c0.90

Day 42

17.1 ±
1.00

37.8 ±
1c2.46

48.0 ±
1c,2b1.71

27.1 ±
1b,2b,3c1.81

281.0 ±
11.19

470.0 ±
1c15.96

527.9 ±
1c,2b26.98

381.2 ±
1b,2b,3c12.96

Day 42Day 21

270.0 ±
11.42

356.5 ±
1b11.55

440.0 ±
1c,2b21.89

328.0 ±
1a,3c13.06

LDH (U/L)

76.0±
3.41

100.0±
1c2.58

122.3±
1c,2c4.00

87.9±
1a,2a,3c1.34

Day 21

79.0 ±
4.01

117.3 ±
1c3.30

147.2 ±
1c,2c5.15

98.4 ±
1a,2a,3c3.27

Day 42

AP (U/L)
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Figure 5. Strong vacuolisation and granular cytoplasmic 
degradation in liver hepatocytes of ducklings treated with 
AFB at 0.5 mg/kg feed. H/Е. Bar=20 μm.1 

Figure 3. Liver hyperaemia in ducklings treated with AFB at 1 

0.5 mg/kg feed and with Mycotox NG

Figure 7. Areactive necrosis and biliary thrombi in the 
parenchyma of hepatocytes in ducklings treated with AFB1 at 
0.8 mg/kg feed. H/Е. Bar=20 μm.

Figure 6. Perivascular mononuclear infiltrations in liver 
parenchyma ducklings treated with AFB at 0.8 mg/kg feed. 1 

H/Е. Bar=20 μm.

Figure 4.Haemorrhages in the liver parenchyma in ducklings 
treated with AFB1 at 0.5 mg/kg feed. H/Е. Bar=20 μm.

Figure 8. Granular and mild fatty dystrophy with activation 
of capillary endothelium in hepatocytes of ducklings treated 
with AFB at 0.5 mg/kg feed and 2g/kg  feed Mycotox NG. 1 

H/Е. Bar=15 μm.
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Pestka, 2005). The low blood glucose levels are due to the lower Discussion
feed intake and/or lower activity of enzymes, involved in 
carbohydrate metabolism (Zhao et al., 2010). It is proved that Aflatoxins cause considerable losses to poultry health (Allameh 
aflatoxins inhibit protein synthesis (Yu, 1977; Tung et al., 1975a, et al., 2005). Metabolic disorders in aflatoxicosis are characterized 
1975b). As a result, hypoproteinaemia is frequently encountered in with protein synthesis inhibition and consequent reduction of plasma 
aflatoxicosis (Huff et al., 1986a, 1986b). Kubena et al. (1990a, protein and albumin, and increased AST, AP, γ-GT and LDH activities 
1990b)  reports that despite the addition of hydrated sodium calcium (Huff et al., 1986a, 1986b; Lesson et al., 1995; Shi et al., 2006; Zhao 
aluminosilicate to poultry feed contaminated with aflatoxin, blood et al., 2010). These biochemical indices are used for evaluation of 
total protein and albumin concentrations remained low. Kececi et al. severity of liver changes accompanying aflatoxicosis (Raju and 
(1998) indicated that the changes in biochemical parameters in Devegowda 2000, Denli et al. 2005, Bintvihok and Kositcharoenkul 
chickens having received 2.5 mg AF/kg feed, could be alleviated by 2006). Serum AST and ALT changes in liver damage are specific and 
addition of 5 mg/kg bentonite to feed. used for monitoring cell viability and enhanced cell membrane 

The result of present experiments confirmed previous reports permeability (Novelli et al., 1995). Clinically, serum AST, AP, γ-GT, 
and showed that the utilisation of specific sorbents could greatly LDH and ALT are biomarkers of liver function. They are localised in 
reduce the toxic effects of aflatoxins in growing birds (Kubena et al., the mitochondria of hepatocytes and play an important role in protein 
1990a, 1990b; Ledoux et al., 1999; Gowda et al., 2008). At present, metabolism. In this experiment, the increased activity of these 
none of studied mycosorbents could provide a full protection against enzymes provided evidence for their release from damaged 
any of mycotoxins. The main mechanism of prevention against the hepatocytes. Similar changes have been observed in other 
toxic effects of aflatoxins consists in isolation and binding of investigations in chickens, having received different doses of 
mycotoxin to the mycosorbent in the gastrointestinal tract and thus, aflatoxins (Kececi et al., 1998; Raju and Devegowda, 2000; Aravind 
reduction of aflatoxin bioavailability (Davidson et al., 1987; Phillips et et al., 2003). The increased activity of AP and γ-GT is in agreement 
al., 1990). with the reports of other researchers (Bintvihok et al. 1991a, 1991c), 

about increased liver enzyme activity in chickens with aflatoxicosis 
and reduction occurring after feed supplementation with 

Conclusion detoxication agents. Furthermore, the observed histological 
alterations in the liver confirmed data from previous studies of 
Bryden (1985) on one-day-old Peking ducklings treated with 0.1, The results of the present study proved that the tested 
0.2, 0.4 and 0.8 mg aflatoxin B /kg feed for 7, 14 and 21 days. concentrations of AFB , added to compound feed, had an adverse 1 1

Reduced blood total protein and the related hypoalbuminaemia effect on liver function in mulard ducklings manifested by increased 
results from binding of aflatoxins with DNA and RNA and intracellular enzyme activity of blood AST, ALT, LDH, γ-GT and AP. 
proteins in hepatocytes, a mechanism that impairs the protein Simultaneously, the tested aflatoxin doses provoked reduction of 
synthesis (Rajmane and Sanavane, 1998; Abdel-Rahman et al., blood total protein, albumin and blood glucose concentrations. 
2002; Quesada et al., 2002). The observed dystrophic and necrotic Increasing AFB  doses (0.5 or 0.8 mg/kg feed) provoked specific for 1

changes in the liver in aflatoxicoses could be due to damage of aflatoxicosis histological changes of liver (vacuolar and granular 
primary cell macromolecules (lipids, proteins and DNA). These dystrophy, Kupffer cell activation, karyorrhexis, karyopyknosis, 
injuries are secondary to oxidative stress caused by aflatoxins – a perivascular swelling and proliferations, biliary thrombi and 
mechanism triggering oxidative changes in DNA and lipid hyperplasia of biliary ductules). In this experiment, the addition of 2 
peroxidation (Hashem and Mohamed, 2009; Saif et al., 2003). g/kg feed Mycotox NG to a ration containing 0.5 mg/kg AFВ  could 1,

Furthermore, the intracellular accumulation of calcium in effectively ameliorated the severe changes in monitored blood 
aflatoxicoses results in reduced formation of adenosine biochemical indices and the histological lesions secondary to 
triphosphate (Quezada et al., 2002; Fatemi et al., 2006). The higher aflatoxicosis.
blood activity of γ-GT indicates cholestasis or hyperplasia of biliary 
ductules in birds (Brugere et al., 1987). Higher γ-GT activity is 
observed in broiler chickens fed rations naturally contaminated with References
aflatoxins, which was probably due to hepatocytic degeneration and 
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