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Investigations on kidney function in mulard ducklings with experimental aflatoxicosis

1 2 1 1 1 1 1I. Valchev *, N. Grozeva , L. Lazarov , D. Kanakov , Ts. Hristov , 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. The toxic effect of AFB in mulard ducks was evaluated through the changes in several blood parameters, namely uric acid, urea, creatinine, creatine 1 

kinase, calcium, inorganic phosphate, sodium and potassium. Also, the morphological changes in kidney parenchyma were evaluated. Experiments were 
conducted with 4 groups of 20 10-day-old mulard ducks: group I – 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 , group III – experimental, supplemented with 0.8 mg/kg AFB  and group IV – experimental, 1 1

stsupplemented with 0.5 mg/kg AFB  and 2 g/kg Mycotox NG. The duration of the experiment was 42 days. The blood analysis results by the 21  day of the trial 1

showed reduced concentrations of urea, creatinine, uric acid, calcium, inorganic phosphate, sodium and potassium, and higher creatine kinase activity in 
ndgroups II and III. These changes tended to become more pronounced by the 42  day from the beginning of the experiment. Morphological alterations of kidney 

parenchyma consisted in degeneration in renal tubules, congestion, desquamation and disintegration of tubular cells with pyknotic changes in cell nuclei, 
necrobiotic changes and haemorrhages depending on the amount of ingested toxin. The dietary supplementation of group IV with Mycotox NG decreased the 
severity of observed blood changes as well as the frequency and severity of histological lesions (hyperaemia and mild granular dystrophy with pyknotic nuclei).

Keywords: kidney, aflatoxicosis, malard duclings
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Introduction Agricultural Science, 1989). AFB is acknowledged as one of the 1 

most potent natural hepatotoxins and hepatocarcinogens (Wilson 
and Payne, 1994). Furthermore, aflatoxins possess teratogenic and Mycotoxins are secondary toxic metabolites with a low 
mutagenic properties (Patterson, 1976). Aflatoxins are toxic for molecular weight, produced by moulds from the genera Aspergillus, 
many bird species as ducks, turkeys, quails and geese (Fernandez Penicillium and Claviceps. They possess a broad spectrum of 
et al., 1996). Young birds, especially ducks and turkeys, are very biological activity characterised with carcinogenic, teratogenic, 
susceptible. In general, the dietary aflatoxin content for growing mutagenic, embryotoxic, nephrotoxic, estrogen-like and 
birds should not exceed 20 ррb (Dhanasekaran et al., 2009). The immunosuppressive effects. The contamination of feeds with 
clinical manifestations in birds exposed to the toxic effect of mycotoxins poses a serious threat for animal health. The isolation of 
aflatoxins are different and depend on the mycotoxin type and birds' mycotoxin-producing fungal strains in animal feeds does not 
age (Adav and Godinwar, 1997). The hepatotoxic and nephrotoxic necessarily mean a presence of mycotoxins. Yet, this is a sign for a 
effects of aflatoxins result in a variety of deleterious effects such as potential contamination with mycotoxins. Furthermore, if feeds are a 
immunosuppression, stunted growth, reduced productivity, good substrate for mycotoxin production and there are beneficial 
disturbed carbohydrate, protein and lipid metabolism (Cheeke and factors for mould growth and mycotoxin production (humidity and 
Shull, 1985). Aflatoxins damage renal function by increasing the temperature), there is an increased risk for contamination with 
relative weight of kidneys (Ledoux et al., 1999; Quezada et al., 2000; mycotoxins (Dhanasekaran et al., 2009). 
Soliman et al., 2008; Yildirim et al., 2011), causing congestive events Aflatoxins are secondary toxic metabolites produced by 
in kidney sinusoids (Hussain et al., 2008), degenerative and necrotic Aspergillus parasiticus and Aspergillus flavus (Huff et al., 1986). A. 
changes in epithelial renal tubular cells (Mollenhauer et al., 1989; flavus is the commonest contaminant of cereal crops used for animal 
Ortatatli and Oguz, 2001; Hussain et al., 2008; Mohamed and and human consumption (Jindal et al., 1993; Abarca et al., 1994). 
Mohamed, 2009; Yildirim et al., 2011) and reducing glomerular Aflatoxins are encountered as field cereal contaminants before the 
filtration rate (Glahn et al., 1991). The toxic effects of AFB  on blood harvest and then, during storage and after processing and 1

biochemical indices specific for renal function are manifested with packaging (Council for Agricultural Science, 1989). These 
lower blood total proteins, albumin (Okotie-Eboh et al., 1997; mycotoxins are found all around the world as contaminants of corn, 

 et al., 2005; Mohamed and Mohamed, 2009), calcium, wheat, sorghum and soy, which are most frequently used for poultry 
phosphate, sodium and potassium (Oguz et al., 2000; Soliman et al., feed production (Robens et al., 1992). The level of humidity and the 
2008), urea, creatinine and uric acid concentrations (Okotie-Eboh et ambient temperature are the main factors regulating fungal growth 
al., 1997; Bailey et al., 1998; Oguz et al., 2000;  et al., and aflatoxin production in feeds. The optimal conditions for growth 
2005; Maciel  Shi et al., 2009). and toxin production by Aspergillus (Aspergillus flavus and A. 

A variety of methods for detoxication of contaminated feeds parasiticus) in cereal and oil crops are temperature between 12 – 42 
(physical, chemical and biological) have been developed, but most °С and humidity 18% and 9–10%, respectively (WHO, 1979). Under 
of them have proved to be non-practical, expensive and poorly appropriate conditions (temperature and humidity), A. flavus 
efficient (Piva et al., 1995; Ramos et al., 1996; Ramos and produces four aflatoxins: aflatoxin B  (AFB ) and another three 1 1

Hernandez, 1997). Natural and synthetic zeolites (Kececi et al., compounds of similar structure (AFB , AFG , AFG ) (Council for 2 1 2

Basmacioglu

Basmacioglu
 et al., 2007;
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st nd1998; Oguz and Kurtoglu, 2000; Ortatatl and Oguz, 2001), collected from v. metatarsalis medialis by the 21  and 42  day of the 
bentonites (Santurio et al., 1999; Rosa et al., 2001) and trial in sterile heparinised vacutainers (FL medical, Italy) for analysis 
aluminosilicates (Kubena et al., 1990a, 1993, 1998; Ledoux et al., of uric acid, urea, creatinine, creatine kinase, calcium, inorganic 
1999) are preferred due to their ability for binding aflatoxins in the phosphate, sodium and potassium concentrations. Blood was 
animal gastrointestinal tract thus reducing their absorption. centrifuges within 30 min from collection at 1500×g for 10 min. 

The purpose of the present study was to follow out the changes Plasma was separated, immediately frozen and kept at –20°С until 
in some blood biochemical parameters specific for kidney function, analysed. The selected blood biochemical parameters were 
as well as the disturbances in the morphological structure of kidneys analysed on an automated biochemical analyser BS–120, Mindray, 
in mulard ducklings with experimental aflatoxicosis. At the same China. After the end of the experiment, the control and treated birds 
time, the potential of dietary supplementation with the mycosorbent were euthanised by cervical dislocation. Kidney material for 
Mycotоx NG (Ceva Sante Animale, France) to prevent the toxic histology was fixed in 10% solution of neutral formalin. Samples 
effects of AFB  was investigated. were embedded in paraffin after dehydration in ethanol series. The 1

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 of 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 biochemistry analysissupplemented with 0.5 mg/kg aflatoxin В .1

The changes in blood plasma uric acid, urea, creatinine and · Group III – experimental. Mulards received the standard feed 
creatine kinase in control mulards and birds receiving AFB  only or supplemented with 0.8 mg/kg aflatoxin В . 11

combined with the tested mycosorbent are shown in Table 1. Ducks · Group IV – experimental. Mulards received the standard feed 
whose feed was supplemented with 0.5 mg/kg (group II) or 0.8 supplemented with 0.5 mg/kg aflatoxin В and 2 g/kg Mycotox NG 1 

mg/kg AFB  (group III) showed statistically significantly lower uric 1(Ceva Sante Animale, France). 
stacid concentrations by the 21  day – 376±6.49 µmol/l (22.16%) Aflatoxin В  was produced by Aspergillus flavus (99% purity) 1

(p<0.001) and 320±12.47 µmol/l (33.75%) (p<0.001) compared to and purchased from Sigma-Aldrich, Germany. In experimental 
ndcontrols (483±16.48 µmol/l). By the 42  day uric acid levels attained groups, the feed was ground before being mixed with aflatoxin for 

395±9.35 µmol/l in group II and 346±9.86 µmol/l in group III better homogenisation. The mulards were reared under optimal 
(p<0.001) vs control level of 469±8.86 µmol/l. The decrease was by microclimatic conditions, equal for all groups. In the beginning of the 
15.78% and 26.23%, respectively. The changes were more experiment, ambient air temperature was 35°C and decreased by 

stth th pronounced by the 21  day. On the other hand, ducklings 1°C daily until the 15  day to attain 20°C by the 28  day; thereafter it 
supplemented with AFB  and Mycotox NG (experimental group IV), was kept at  +18°C, with relative air humidity 60–75% (Ordinance, 1

stshowed a lower reduction by the 21  day –  421±9.68 µmol/l 44/2006). The duration of the light day was 24 h throughout the trial. 
nd2 (12.84%) (p<0.05) as well as by the 42  day –  429±6.35 µmol/l The control and experimental groups were housed in separate 4 m

(8.53%) (p<0.05). sections in the same premise. The sections were bedded with a 5 
Plasma urea and creatinine in groups II and III were cm-layer of clean dry wood shaving. During the first week, the 

substantially lower (p<0.001) during the two sampling intervals feeding width was 1 сm and thereafter – 10 cm. Blood samples were 

Table 1. Effect of aflatoxin В  (AFB ) administered independently or with Mycotox NG on blood plasma uric acid, urea,1 1

creatinine and creatine kinase 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

G
ro

up
s Uric acid, µmol/l Urea, mmol/l Creatinine, µmol/l Creatine kinase, U/l

Day 21

І

ІІ

ІІІ

ІV

483 ± 1.78 ±

0.25

1.28 ±
1c0.20

0.94 ±
1c,2b0.12

1.53 ±
1b,2a,3c0.18

51.4 ± 45.5 ± 363 ± 380 ±

8.74

521 ±
1c11.48

599 ±
1c,2b17.78

466 ±
1c,2a,3c16.97

9.98

478 ±
1c12.93

557 ±
1c,2b18.50

426 ±
1c,2a.3c8.78

1.88

30.2 ±
1c1.74

22.6 ±
1c,2c1.51

40.8 ±
1b,2a,3c1.78

5.73

35.1 ±
1c2.38

30 ±
1c2.11

43 ±
1c,2a,3c5.69

1.80 ±

0.35

1.38 ±
1c0.22

1.29 ±
1c0.31

1.68 ±
1a,2a,3b0.28

469 ±

8.86

395 ±
1c9.35

346 ±
1c,2b9.86

429 ±
1a,2a,3c6.35

16.48

376 ±
1c6.49

320 ±
1c,2a12.47

421 ±
1a,2a,3c9.68

Day 21 Day 21 Day 21Day 42 Day 42 Day 42 Day 42
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st by 14.05% and 10.33% on day 42 (1.53±0.18 mmol/l and 40.8±1.78 compared to controls. By the 21  day, blood urea was 1.38±0.22 
mmol/l). mmol/l and 1.29±0.31 mmol/l in groups II and III, while respective 

Creatine kinase activities in groups II and III were significantly creatinine concentrations – 35.1±2.38 µmol/l and 30±2.11 µmol/l. 
stThe observed reduction in urea levels were 23.34% in group II and higher (p<0.001) during both periods of the study. By the 21  day, the 

28.34% in group III. Creatinine was by 31.72% lower in group II and values were 478±12.93 U/l (31.68%) and 557±18.50 U/l (53.44%). 
nd ndby 41.64% in group III. By the 42  day urea concentrations attained By the 42  day, activities were 521±11.48 U/l (37.10%) in group II 

1.28±0.20 mmol/l in group II and 0.94±0.12 in group III, whereas and 599±17.78 U/l (57.63%). The negative impact of AFB  on the 1

creatinine decreased to 30.2±1.74 µmol/l in group II and 22.6±1.51 values of this parameter (426±8.78 U/l and 466±16.97 U/l) was 
in group III. The percentage of urea reduction was 28.09% and 47.2 partly reduced after dietary supplementation of group IV with 
% for groups II and III, and percentages of creatinine reduction – mycosorbent – 17.35% and 22.63% (p<0.001).
33.63% and 50.33%, respectively. The deleterious effects of AFB  The effects of dietary АFB  intake and co-administration of 1 1

on blood urea and creatinine were less severe in group IV (p<0.05- Мycotox NG on blood plasma macroelements are shown in Table 2. 
p<0.001) supplemented with the mycosorbent – by 6.67% and A statistically significant reduction (p<0.001) of calcium in groups II 

st st16.35% by the 21  day (1.68±0.28 mmol/l and 43±5.69 mmol/l) and and III occurred by the 21  day – 2.50±0.057 mmol/l and 2.21±0.078 

Table 2. Effect of aflatoxin В  (AFB ) administered independently or with Mycotox NG on blood plasma calcium, inorganic1 1

phosphate, sodium and potassium in mulard ducks

Data are presented as mean ± SEM; n=20 in each group; P<0.05; P<0.01; P<0.001; 1  vs control group;a b c

2  vs experimental group I; 3  vs experimental group II

G
ro

up
s Calcium, mmol/l Inorganic phosphate, mmol/l Sodium, mmol/l Potassium, mmol/l

Day 21

І

ІІ

ІІІ

ІV

3.04 ±

0.049

2.50 ±
1c0.057

2.21 ±
1c,2a0.078

2.75 ±
1a,2a,3c0.063

2.79 ±

0.06

2.35 ±
1c0.047

2.10 ±
1c,2a0.052

2.55 ±
1a,2a,3c0.036

2.55 ±

0.077

2.04 ±

0.0851c

1.85 ±
1c,2a0.044

2.28±
1a,2a,3c0.023

2.27 ±

0.12

1.82 ±
1c0.053

1.60 ±
1c,2a0.086

2.05 ±
1a,2a,3c0.030

155.4 ± 150 ± 7.73 ±

0.17

6.18 ±
1c0.22

5.43 ±
1c,2a0.14

6.97 ±
1a,2a,3c0.22

6.58 ±

0.14

5.50 ±
1c0.14

4.31 ±
1c,2c0.081

6.04 ±
1a,2a,3c0.083

1.40

133.1 ±
1c1.98

125.6 ±
1c,2a2.27

140.7 ±
1b,2a,3c2.10

1.55

143.4 ±
1c1.23

135.8 ±
1c,2b1.65

149.2±
1a,2а,3c1.64

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

Figure 1. Congestion of peritubular capillaries in the
kidneys of mulard ducks treated with 0.5 mg/kg feed
AFB1. H/Е. Bar 15 µm

ndmmol/l (17.77% and 27.31%) as well as by the 42  day – 2.35±0.047 respectively; p<0.05). 
mmol/l and 2.10±0.052 mmol/l (15.78% and 24.74%). Inorganic 
phosphate in blood decreased in both groups II and III (2.04±0.085 Morphological changes
mmol/l and 1.85±0.044 mmol/l) by 20% and 27.46% on day 21 and Mulard ducks treated with 0.5 mg/kg AFB showed a 1 

ndby 19.83% and 29.52% by the 42  day (1.82±0.053 mmol/l and generalised congestion of all blood vessels. Renal parenchymal 
1.60±0.086  mmol/l)  (p<0.001). The supplementation with epithelial cells were detached from the basal membrane into the 

stmycosorbent in group IV reduces this trend by the 21  day by 9.54% lumen of tubules. Cell cytoplasm exhibited a granular dystrophy as 
for blood Ca (2.75±0.063 mmol/l) and 10.59% for inorganic P well as a milder vacuolar dystrophy, with pyknosis of nuclei (Figure 

nd(2.28±0.023 mmol/l), and by the 42  day – by 8.61% for Ca 1).
(2.55±0.036 mmol/l) and 9.7% for inorganic P (2.05±0.030 mmol/l) 

st(p<0.05). Blood sodium was considerably lower by the 21  day in 
groups II and III (143.4±1.23 mmol/l and 135.8±1.65 mmol/l) 
compared to controls – by 7.73% and 12.62% respectively 

nd(p<0.001). The changes became more prominent by the 42  day 
with concentrations of 133.1±1.98 mmol/l and 125.6±2.27 mmol/l, 
and percentage of reduction –11.27% and 16.27% (p<0.001). In 
experimental group IV, the harmful effect of AFB  on blood sodium 1

were milder – reduction by 3.99% (149.2±1.64 mmol/l) on day 21 
(p<0.05) and by 6.2% (140.7±2.10 mmol/l) on day 42 (p<0.05-
p<0.01). Compared to untreated mulards, those receiving only AFB  1

(groups II and III) exhibited statistically significantly lower potassium 
levels by day 21 (6.18±0.22 mmol/l and 5.43±0.14 mmol/l) equal to 
reduction by 20.06% and 29.76% (p<0.001) and by day 42 
(5.50±0.14 mmol/l and 4.31±0.081 mmol/l) equal to reduction by 
16.42% and 34.5% (p<0.001). The addition of mycosorbent to AFB -1

contaminated feed resulted in less severe changes in blood 
potassium concentrations – reduction by 9.84% on day 21 and by 
8.21% on day 42 (6.97±0.22 mmol/l and 6.04±0.083 mmol/l 
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Figure 2. Disintegration and desquamation of tubular
epithelial cells in the kidneys of mulard ducks treated with
0.8 mg/kg feed AFB . H/Е. Bar 15 µm1

Figure 3. Nuclear pyknosis of tubular epithelial cells in the
kidneys of mulard ducks treated with 0.5 mg/kg feed AFB1

and Mycotox NG. H/Е. Bar 20 µm

Birds receiving 0.8 mg/kg AFB  with feed showed more received aflatoxins only with their feed. 1

Basmacioglu et al. (2005) did not observed considerable intensive dystrophic changes in tubular epithelial cells – the cells 
changes in blood urea between control broiler chickens and those were disintegrated, desquamated and freely floating in tubular 
treated with 2 mg/kg aflatoxin (AF) with or without Mycosorb, while lumen. Peritubular capillaries were strongly hyperaemic, and some 
Shi et al. (2009) found a lower blood serum urea in broiler whose of them – with damaged walls (haemorrhages). Necrobiotic areas 
feed was supplemented with 0.11 mg/kg AF vs controls. In broiler were also observed (Figure 2).
chickens receiving with their feed AF at 4 mg/kg other authors Ducklings treated with 0.5 mg/kg AFB and Mycotox NG 1 

observed proliferation of endothelial cells in the glomeruli with exhibited less severe dystrophic changes in kidneys compared to 
thickening of the basal membrane, coagulation necroses and groups treated with 0.5 mg/kg AFB and 0.8 mg/kg AFB only. 1 1 

neutrophil cell proliferation (Mohamed and Mohamed, 2009). Vascular hyperaemia and mild granular dystrophy of some tubular 
Impaired normal renal structure was reported in broiler chickens fed cells, whose nuclei were pyknotic, were present (Figure 3). 
3 mg/kg AFB (Valdivia et al., 2001). Simultaneously, the addition of 1 Histopathological changes in the kidneys of control mulards were 
the antioxidant N-acetylcysteine (NAC) to the feed contaminated not observed. 
with AFB alleviated the severity of observed histological changes. 1 

The liver, the kidneys and immune system organs are target organs 
for the toxic effects of aflatoxins (Ortatatli and Oguz, 2001). 

Discussion Urea is the end product of protein metabolism which is 
synthesised in the liver via the urea pathway. The reduction in 

The damage caused by aflatoxins on birds' productivity and plasma urea concentrations is a result of damaged liver parenchyma 
health are substantial (Council for Agricultural Science and and lower protein synthesis rate (Council for Agricultural Science 
Technology, 1989; Allameh et al., 2005). Ducks are the most and Technology, 1989; Kaneko, 1989; Edrington et al., 1996, 1997; 
sensitive avian species to the toxic effect of aflatoxins (Muller et al., Fernandez et al., 1996; Hussein and Brasel, 2001; Aravind et al., 
1970). They have a general systemic toxic influence, especially on 2003; Shi et al., 2005, 2009; Thapa et al., 2009). Harvey et al. (1989) 
liver and kidney function (Kuiper-Goodman, 1995). According to reported for lower values of parameters of protein synthesis – total 
FAO, approximately 25% of cereal crops produced on a global scale protein, albumin, globulins and urea. Creatine is a protein 
are contaminated with mycotoxins (Kuiper-Goodman, 1998; synthesised in the liver, which is then released in the circulation and 
Vasanthi and Bhat, 1998). then in muscles to be converted to creatinine phosphate serving as a 

The observed morphological changes in kidneys are similar to source of energy. Creatinine is the end product of muscle creatinine 
those observed in layer hens whose feed was supplemented with phosphate conversion (Mc Lauchlan, 1988). Lower blood creatinine 
aflatoxin В  (parenchymal degeneration of distal tubules, epithelial 1 concentrations are a consequence of inhibited protein synthesis 
cell swelling, granular pattern of the cytoplasm, vacuolar (Rajmane and Sanavane, 1998; Abdel-Rahman et al., 2002; 
degeneration and epithelial cell desquamation) (Dhanasekaran et Quesada et al., 2000), liver damage (Bryden, 1985; Ortatatli and 
al., 2009). Oguz, 2001; Rosa et al., 2001; Zao et al., 2010) and lower muscle 

In an experiment with broiler chickens, Yildirim et al. (2011) mass (Sadana et al., 1992; Fernandez, et al., 1994; Ledoux et al., 
have investigated the addition of 2 mg/kg total aflatoxin (AFB , AFG , 1 1 1999; Rosa et al., 2001; Jakhar and Sadana, 2004). Lower plasma 
AFB  and AFG ) to compound feed, either independently or creatinine observed in this study corresponds to data of other 2 2

combined with mycosorbent (Mycosorb) on renal parenchyma researchers (Glahn et al., 1991; Harvey et al., 1993; Basmacioglu et 
histology. The changes consisted in thickened basal membrane, al., 2005; Maciel et al., 2007; Thapa et al., 2009; Yildirim et al., 2011). 
presence of hyaline droplets within epithelial cells, presence of The lower calcium and inorganic phosphate concentrations in 
cylinders within tubular lumens and epithelial cell dystrophy. blood result from damaged renal tubules or reduced intestinal 
According to the authors, the impaired excretory renal function was absorption of calcium, lower blood circulation rate of parathormone 
accompanied by increase blood urea concentrations in birds which (lower synthesis rate), lower kidney sensitivity to this hormone or 
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impaired vitamin D synthesis (Glahn et al., 1990, 1991; Harvey et al., Conclusion
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