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Investigations on haematological parameters and bone marrow morphology in broiler
chickens with experimental aflatoxicosis
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Abstract. In this experiment, the toxic effects of AFB1 on some haematological parameters were investigated in chickens, namely haemoglobin content (HGB),
red blood cell counts (RBC), white blood cell counts (WBC), platelet counts (PLT), haematocrit (HCT), differential white blood cell counts (WBC%), mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC). The experiments were
conducted with five groups of ten 7-day-old Cobb broiler chickens in each. The formed groups were: group I – control, fed a standard compound feed; group II –
experimental, whose feed was supplemented with 1 g/kg Mycotox NG; group III – experimental, receiving 0.5 mg/kg AFB1; group IV – experimental, receiving
0.8 mg/kg AFB1 and group V – experimental, supplemented with 0.5 mg/kg AFB1 and 1 g/kg Mycotox NG. The experiment's duration was 42 days.
Haematological analysis performed on the 21st day of the trial showed reduction in RBC, PLT, HGB and HCT and increased total WBC. The percentages of the
different leukocyte classes (differential leukocyte counts) demonstrated increased proportion of pseudoeosinophils and lower percentages of lymphocytes and
monocytes. The observed changed tended to become more pronounced on the 42nd day of the experiment. There were no statistically significant changes in
MCV, MCH, and MCHC, as well as in eosinophil and monocyte percentages between control and treated groups (р>0.05). The supplementation of the feed
with mycosorbent – Mycotox NG (experimental group V) reduced partly the harmful effect of AFB1 on studied haematological indices. There were no substantial
changes in studied parameters in chickens from experimental groups I and II.

Keywords: Aflatoxicosis, broiler chicks, haematological changes, Mycotox Ng

Introduction
Mycotoxins are toxic metabolites produced by moulds.
According to the World Health Organisation (WHO) at least 25% of
world foodstuffs are contaminated with mycotoxins (Binder et al.,
2007). The moulds from the genera Aspergillus, Penicillium and
Fusarium are of utmost agro economical importance. For livestock
husbandry, the most important mycotoxins are aflatoxins,
ochratoxin, trichothecenes, zearalenone and fumonisins (Vasanthi
and Bhat, 1998). Aflatoxins (AF) are secondary toxic metabolites of
moulds from the genus Aspergillus (Aspergillus flavus, Aspergillus
parasiticus and Aspergillus nomius). Aflatoxins В1, В2, G1 and G2 are
natural contaminants of cereal crops and cereal foods for men and
animals (Martinez-de-Anda et al., 2010). It is established that the
share of aflatoxin В1 is 77% of naturally encountered aflatoxins
(Wilson and Payne,1994). The contamination of cereals with
aflatoxins could occur at each step of the food chain in the field,
during harvest, transportation, processing and storage (Giray et al.,
2007). Aflatoxin В1 is the most toxic among all eighteen isolated
aflatoxins (Busby and Wogan, 1981; Кubena et al., 1990; Hsieh and
Atkinson, 1990; Barjesteh et al., 2010), with hepatotoxic,
hepatocarcinogenic, teratogenic and mutagenic properties (IARC,
1987; Smela et al., 2001; Mishra and Das, 2003). Aspergillus flavus
and Aspergilus parasiticus produce aflatoxins at ambient
temperatures between 12 and 42°С (Lillehoj, 1983). The optimum
conditions for aflatoxin production are ambient temperature
between 25–32°С, humidity over 62% and food substrate humidity
over 14% (Royes and Yanong, 2002). Aflatoxicosis causes serious

economic losses to livestock husbandry (CAST, 1989), and poultry
are among the most sensitive groups of animals (Oguz and Kurtoglu,
2000). Particularly sensitive to aflatoxins' toxicity fowl species are
growing turkeys, quails, ducklings, goslings and chickens (Arafa et
al., 1981). The EC legislation and the USA Food and Drug Agency
(FDA) has stimulated that the total amount of aflatoxins in the feeds
for growing birds should not exceed 20 ppb in compound feed and
0.005 ppb in complementary feeds (Directive 2002/32/EC). The
severity of aflatoxicosis in birds depends on a number of factors such
as the species and the age, the amount of ingested toxin, the
exposure duration and dietary protein level (Kaya et al., 2002).
The toxic effects in chronic aflatoxicosis consist in poor
production traits (reduced growth rate and feed consumption,
increased feed conversion (Oguz and Kurtoglu, 2000; Miazzo et al.,
2000, 2005), damaged renal and liver functions (Sakhareetal, 2007,
Abdel-Wahhab et al., 2002; Mohamed and Mohamed, 2009; Yildirim
et al., 2011), altered relative weights of visceral organs (Kececi et al.,
1995; Rosa et al., 2001; Manafi et al., 2012), suppressed humoral
and cell immunity (Ibrahim et al., 2000) and higher susceptibility to
bacterial, viral and protozoan diseases (Shashidhara and
Devegowda, 2003); altered haematological and blood biochemical
parameters (Oguz et al., 2000; Aravind et al., 2003; Afzal and
Saleem, 2004; Donmez et al., 2008; Kaki et al., 2012).
A number of biological, physical and chemical methods for
decontamination of feeds are developed. The contemporary
solutions of the problems posed by aflatoxins include the use of inert
mycosorbents (bentonites) (Ramos et al., 1996; Miazzo et al., 2005)
and zeolites (Oliver, 1989; Ramos et al., 1996; Kubena et al., 1998;
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Oguz et al., 2000; Oguz and Kurtoglu, 2000; Miazzo et al., 2000), as
well as organic mycosorbents (Mycosorb) (Zao et al., 2010; Yildirim
et al., 2011) which are able to bind mycotoxins in the gastrointestinal
tract, thus alleviating and preventing their toxic effects
The purpose of the present study was to follow out the changes
in haematological parameters and bone marrow morphology after
experimental aflatoxicosis В1 in broiler chickens. Also, the study
aimed at testing the possibility for prevention of toxic effects of AFB1
by supplementation of poultry feed with the mycosorbent Mycotоx
NG (Ceva Sante Animale, France).

Material and methods
The experiments were carried out with 50 7-day-old Cobb
broiler chickens from both genders divided into five groups of ten
birds each. The experimental design was as followed:
· Group I – control (fed balanced compound feed according to
the age produced by Provimi feed plant, Stara Zagora);
· Group II – experimental – the feed of birds was
supplemented with 1 g/kg Mycotox NG (Ceva Sante Animale,
France);
· Group III – experimental – the feed of birds was
supplemented with 0.5 mg/kg aflatoxin B1;
· Group IV – experimental – the feed of birds was
supplemented with 0.8 mg/kg aflatoxin B1;
· Group V – experimental – the feed of birds was
supplemented with 0.5 mg/kg aflatoxin B1 and 1 g/kg Mycotox NG.
The used aflatoxin В1 was produced by Aspergillus flavus (99%
purity) and purchased from Sigma-Aldrich, Germany. Experimental
and control chickens were reared under optimum microclimatic
conditions compliant to Ordinance 44/ 2006.
Blood samples were collected from v. metatarsalis medialis on
experimental days 21 and 42 in sterile vacutainers containing
К2EDTA (FL medical, Italy) for determination of haemoglobin
(colorimetric commercial kit, Human Diagnostica, Germany);
haematocrit (micro centrifugation method described by Angelov et
al., 1999), erythrocyte, platelets and leukocyte counts (chamber
method described by Angelov et al., 1999). Differential leukocyte
counts were evaluated on blood smears. Erythrocyte indices were
calculated by respective formulas.
Specimens for histological examination were collected, fixed in
10% formalin and embedded in paraffin after dehydration in
ascending ethanol series. Then 3 m sections were cut on a Leica RM
2235 microtome and stained with haematoxylin/eosin.
The experiments were approved by the Animal Ethics
Committee of the Faculty of Veterinary Medicine, Trakia University
(permit No 49/29.09.2012).
Data were processed statistically using one-way ANOVA and
Tukey-Kramer test (P<0.05).

Results
Haematological parameters
The changes in haematological parameters (red blood cells,
haemoglobin, haematocrit and platelets) in control and treated
chickens are presented in Table 1. Red blood cell counts in
experimental groups III and IV were statistically significantly lower
during both sampling periods (days 21 and 42) compared to control
group (p<0.001). On day 21, they were 2.27±0.05 T/l (18.93%) and
418

2.17±0.05 T/l (22.5%) respectively, whereas in controls – 2.80±0.08
T/l. By the 42nd day, observed changes were more pronounced and
RBCs declined to 2.08±0.06 T/l (in group III) and 1.85±0.04 T/l
(group IV). The respective reduction vs controls was by 22.97% and
31.49% (p<0.001). In broiler chickens treated with AFB1 only (groups
III and IV), haematocrit values were statistically significantly lower on
both sampling intervals. On day 21, HCT in experimental group III
was 27.4±0.76%, and in experimental group IV – 26.1±1.27%
(p<0.001 vs controls, 40.9±0.99%). During the second period (day
42), haematocrit values were 24.4±1.21% in group III and
21.8±1.19% in group IV, again statistically significantly lower than
controls (37.4±0.61%; p<0.001). The observed reduction in
haematocrit values on day 21 was by 33.01% and 36.19%, whereas
on day 42 – by 34.76% and 41.72%. Haemoglobin concentrations
were substantially lower in groups III and IV than in controls
(p<0.001) – 126.6±2.15 g/l in controls (day 21), 100.01±2.97 g/l in
experimental group III (day 21) and 89.65±3.10 g/l in experimental
group IV (day 21). The respective values on the 42nd day were as
followed: 81.20±4.37 g/l (group III), 72.08±3.61 g/l (group IV) and
120.65±3.93 g/l (control group). Haemoglobin reduction vs controls
was by 21.01% and 29.19% (day 21) and by 32.7% and 40.26% (day
42). Similar changes were established in platelet counts. On day 21,
they were 47.52±2.08 G/l (24.28%) in experimental group III and
41.73±1.60 G/l (33.5%) in experimental group IV (p<0.001) as
compared to controls (62.75±1.71 G/l). On day 42, observed
changes became more pronounced and PLTs attained 41.2±2.00
G/l (29.66%) in experimental group III and 32.62±1.32 G/l (44.31%)
in experimental group IV (p<0.001) vs untreated chickens
(58.57±1.68 G/l). In experimental group V, the changes in RBC,
HCT, HGB and PLT were less pronounced after dietary
supplementation with mycosorbent (р<0.05–р<0.01).
Statistically significant changes in mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were not observed
among control and challenged groups (р>0.05) (Table 2).
Table 3 presents the changes in total white blood cell counts
and the percentages of the different leukocyte classes in control and
experimental groups of broiler chickens. Total WBC counts were
considerably higher in experimental groups III and IV on both
sampling periods compared to controls. The respective average
counts in group III were 34.11±1.25 G/l (30.84%) on day 21 and
38.32±1.57 G/l (38.28%) on day 42 (p<0.001). In experimental
group IV, total WBC counts were 37.96±0.82 G/l (45.6%) on day 21
and 42.12±1.05 G/l (52%) on day 42 (p<0.001). Differential white
blood cell counts exhibited statistically significant changes in
pseudoeosinophils and lymphocytes (Lym). Pseudoeosinophils
were statistically significantly increased in groups III and IV on day
21 (49.09±1.49% and 53.63±2.45%) as well as on day 42
(53±1.73% and 55.2±1.71%) (p<0.001 vs controls 36.63±1.20 %
and 36.7±1.53 %). The changes became more obvious on day 42.
Lymphocyte percentage declined by 45.5±1.70% (group III) and
41.1±1.55% (group IV) – at p<0.001 on day 21. On day 42, their
values were 41.9±2.08% and 40.1±2.30 % in groups III and IV,
respectively (p<0.001). In group V, the changes in
pseudoeosinophils and monocytes were partly compensated after
the addition of the mycosorbent (р0.05). There were no statistically
significant changes in eosinophil percentages and monocytes
between control and treated groups (р>0.05).
Histopathological studies
Bone marrow of birds from experimental group III showed an
initial form of hypocellularity, reduction of haemopoietic stem cells
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2.80±0.08
2.79±0.04
2.27±0.051c,2c
2.17±0.051c,2c,3a
2.53±0.041a,2a,3a,4a

day 21

2.70±0.05
2.71±0.04
2.08±0.061c,2c
1.85±0.041c,2c,3a
2.46±0.041a,2a,3c,4c

day 42

Red blood cells, Т/l
126.6±2.15
128.2±2.29
100.01±2.971c,2c
89.65±3.101c,2c
113.27±3.421a,2b,3a,4c

day 21
120.65±3.93
121.95±3.05
81.20±4.371c,2c
72.08±3.611c,2c
105.22±2.141a,2a,3c4c

day 42

Haemoglobin, g/l
40.9±0.99
39±1.28
27.4±0.761c,2c
26.1±1.271c,2c
31.9±1.121c,2b,3a,4b

day 21
37.4±0.61
36.6±1.07
24.4±1.211c,2c
21.8±1.191c,2c
32.3±0.911b,2a,3c,4c

day 42

Haematocrit, %
62.75±1.71
61.79±1.96
47.52±2.081c,2c
41.73±1.601c,2c
54.94±0.811a,2a,3a,4c

day 21

147.52±5.74
137.47±3.22
116.95±11.07
132.98±10.51
131.18±10.51

day 21

MCV, pg

139.17±4.61
134.81±3.8
12.87±7.61
118.66±7.31
130.79±4.64

day 42
310.99±8.43
336.35±12.73
345.93±16.35
325.25±26.30
347.62±25.13

day 21

MCHC, g/l

333.83±26.578
343.08±11.28
400.00±17.49
395.89±23.48
362.25±20.42

day 42

45.59±1.61
46.69±1.01
43.85±1.69
41.29±1.83
44.69±1.36

day 21

MCH, f/l

43.92±1.24
44.89±0.93
39.32±2.58
39.01±1.86
42.5±0.85

day 42

26.07±0.74
26.30±0.65
34.11±1.251c,2c
37.96±0.821c,2c,3a
30.09±0.731a,2a,3a,4c

day 21

day 21
52.5±1.74
58.9±1.60
41.9±2.081c,2c
39.5±2.301c,2c
49.5±1.511a,2b,3a,4b

day 42

Lymphocytes %

27.71±0.61
59.7±1.39
28.56±1.38
60.4±1.36
38.32±1.571c,2c 45.5±1.701c
42.12±1.051c,2c 41.1±1.551b,2a
33.65±0.811b,2a,3a,4c 52.7±1.191a,2a,3c,4c

day 42

Leukocytes, G/l

3.37±0.17
3.30±0.22
2.87±0.08
2.76±0.13
3.12±0.16

day 21

3.16±0.09
3.05±0.16
2.75±0.14
2.67±0.10
2.95±0.09

day 42

Monocytes %

36.7±1.53
35.7±1.46
53±1.731c,2c
55.2±1.711c,2c
44.9±2.541a,2b,3a,4c

day 21

36.7±1.53
35.7±1.46
53±1.731c,2c
55.2±1.711c,2c
44.9±2.541a,2b,3a,4c

day 42

Pseudoeosinophils %

2.30±0.08
2.63±0.09
2.54±0.07
2.54±0.07
2.46±0.08

day 21

2.64±0.07
2.35±0.10
2.35±0.09
2.63±0.17
2.65±0.08

day 42

Eosinophils %

Data are presented as mean ± SEM; n=10 chickens per group; * Level of significance: aP<0.05; bP<0.01; cP<0.001; 1 - vs control group I; 2 - vs group II;
3 - vs group III; 4 - vs group IV

І
ІІ
III
IV
V

Groups

Table 3. Changes in total and differential leukocyte counts (% neutrophils, lymphocytes, monocytes and eosinophils) in broiler chickens whose feed was supplemented
either with aflatoxin В1 (AFB1) or with AFB1 and Mycotox NG

Data are presented as mean ± SEM; n=10 chickens per group

І
ІІ
ІІІ
ІV
V

Groups

Table 2. Changes in mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC) and mean corpuscular haemoglobin (MCH) in broiler chickens
whose feed was supplemented either with aflatoxin В1 (AFB1) or with AFB1 and Mycotox NG.

58.57±1.68
58.40±1.07
41.2±2.001c,2c
32.62±1.321c,2c,3b
49.41±2.081b,2b,3a,4c

day 42

Platelets, G/l

Data are presented as mean ± SEM; n=10 chickens per group; * Level of significance: aP<0.05; bP<0.01; cP<0.001; 1 - vs control group I; 2 - vs group II;
3 - vs group III; 4 - vs group IV

І
ІІ
III
IV
V

Groups

Table 1. Changes in haematological parameters (red blood cells, haemoglobin, haematocrit, platelets) in broiler chickens whose feed was supplemented either with aflatoxin
В1 (AFB1) or with AFB1 and Mycotox NG

Discussion

.
μ

.
μ

.
μ

and early fatty replacement (Figure 1). These processes were
considerably more intensive in birds from group IV (Figure 2). In
birds from group V, the hypocellularity extent in the bone marrow was
far milder as in groups III and IV (Figure 3). In control birds and group
II, there were no histopathological changes in bone marrow.
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Aflatoxins, their metabolites and aflatoxin-generated reactive
oxygen species (ROS) disturb the haemopoiesis in bone marrow
and lymphatic organs (Halliwell, 2007). Aflatoxins induce
haematological disturbances (Dietert et al., 1983). There are known
to cause lympho- and monocytopaenia and at the same time,
increased blood neutrophil percentages (Donmez et al., 2012). In
cattle, haemocoagulation troubles with prolonged prothrombin time
was reported (Thrasher, 2012).
Lower haematocrit, haemoglobin, red blood cell counts, platelet
counts, mean corpuscular volume and lymphocyte percentages in
broiler chickens with experimental aflatoxicosis are probably due to
the inhibiting effect of aflatoxins on haemopoietic organs (Campbell
et al., 1983; Huff et al., 1986, 1988; Kubena et al., 1990; Kececi et al.,
1995, 1998; Oguz et al., 2000; Sakhare et al., 2007). The reduction
of red blood picture parameters are resulting from protein synthesis
inhibition as reported in previous studies (Kubena et al., 1993;
Abdel-Wahhab et al., 2002). It was found out that aflatoxin 1
reduces the iron-binding capacity of erythrocytes (Harvey et al.,
1991) and impairs the metabolism of some trace elements (Cu and
Zn) involved in haemopoiesis (Abdel-Wahhab et al., 2002). These
data come in support of our results that aflatoxins caused
normochromic normocytic anaemia. Lower erythrocyte counts and
mean corpuscular volume were demonstrated in broiler chickens fed
aflatoxin-contaminated feeds (Singh et al.,1992), ochratoxins (Doerr
and Huff, 1980; Aved et al., 1991) or a combination of the two
mycotoxins (Sawarkar et al., 2011). Comparable changes in red
blood cells and MCV have been observed in fish fed aflatoxincontaminated feeds (El-Bouhy et al., 1993). Opposed to the results
in the present study, Mohamed and Mohamed (2009) established
microcytic normochromic anaemia and lower total leukocyte counts.
Higher leukocyte counts and pseudoeosinophil percentages
were presumably due to the irritating effect of aflatoxins on
alimentary tract mucosa, which triggers its inflammation (EL-Lethey
and El-Zorb, 2004; Sakhare et al., 2007; Safamehr, 2008). The
observed lymphocytopaenia could be explained with the toxic effect
of aflatoxins on peripheral blood lymphatic cells or suppression of
the function of bone marrow and lymphoid organs (Oguz et al., 2000;
Mohamed and Mohamed, 2009). Increased leukocyte counts and
pseudoeosinophil percentages could be explained with bone
marrow changes (Abdel-Wahhab et al., 2002). In mice treated with
-2 toxin, Sinozuka et al. (1998) established lower cell density in
haemopoietic parenchyma. Observed changes were present in the
metaphyse and diaphyse regions. A reduction of myelocytes,
immature granulocytes, erythroblasts and lymphocytes were
observed. Myelocytes exhibited karyorrhexis, karyopyknosis,
fragmentation and neutrophil phagocytosis by adjacent
macrophages. In megakaryocytes, nuclei of variable size, increased
number of nuclei and intracellular cysts were observed.
Unlike our results, Aved et al., (1991) and Mohiuddin et al.,
(1993) demonstrated lower total leukocyte counts in broiler chickens
fed feed contaminated with aflatoxins and ochratoxins. The lack of
statistically significant changes in eosinophil and monocyte
percentages, observed in the present study, was in agreement with
other published results (Oguz et al., 2000; Mohamed and Mohamed,
2009). The absence of changes in MCH, MCHC and MCV were
similar to previously reported results (Oguz et al., 2000;
Basmacioglu et al., 2005).
The utilisation of various mycosorbents is believed to be among
the most reliable methods for reduction of the toxic effect of

mycotoxins on animals (Dakovic et al., 2005). Adsorbents have a
high affinity for binding aflatoxins in the gastrointestinal tract of
animals, and this is a mechanism for inhibition of their absorption
and reduction of their deleterious effects on poultry (Eraslan et al.,
2005; Raju and Devegowda, 2000). Lowering of adverse effects of
aflatoxin В1 on haematological results was attained through
supplementation of compound feeds for broiler chickens with
mycosorbents – esterified glucomannan, clinoptiolite (Oguz et al.,
2000; Aravind et al., 2003; Basmacioglu et al., 2005).

Conclusion
The addition of AFB1 only at increasing doses (0.5 or 0.8 mg/kg
feed) to compound poultry feeds provoked changes in
haematological parameters (oligochromaemia, erythropaenia,
lower haematocrit, thrombocytopaenia, leukocytosis with
pseudoeosinophilia, lympho- and monocytopaenia). The addition of
1 g Mycotox NG per kg feed containing 0.5 mg/kg AFВ1 was able to
alleviate efficiently the severity of changes in analysed
haematological parameters.
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