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A B S T R A C T

The present study was conducted to investigate the effects of dietary supplementation of mannanoligo-
saccharides (MOS) on expression of hepatic immunological genes and immune responses in aflatoxin-con-
taminated broiler chicks. A total of 336 seven-day-old Ross broiler chicks were randomly allotted to 7 experi-
mental treatments with 4 replicates and 12 birds per replicate. Experimental treatments consisted of 2 aflatoxin
levels (0.5 and 2 ppm) and 3 supplemental MOS levels (0, 1 and 2 g/kg) as a 2× 3 factorial arrangement in
comparison with a control group (unchallenged group). The chicks were challenged with a mix of aflatoxins
during 7–28 d of age. Results showed that aflatoxin challenge resulted in the lower antibody titers against
infectious bronchitis (IBV) and bursal (IBD) diseases viruses. In addition, aflatoxin-contaminated birds had a
lower (P < 0.0001) lymphocyte percentage and a decline in (P < 0.01) interleukin-2 (IL-2) mRNA abundance.
Likewise, heterophil proportion, heterophil to lymphocyte ratio and gene expressions of hepatic interleukin-6
(IL-6) and C reactive protein (CRP) were raised (P < 0.001) by increasing dietary aflatoxin level. Dietary in-
clusion of MOS increased (P < 0.05) antibody titers against IBV, IBD and Newcastle disease virus. Lymphocyte
proportion and hepatic IL-2 gene expression were greater (P < 0.0001) in MOS-supplemented birds.
Furthermore, supplemental MOS decreased hepatic IL-6 and CRP abundances. Additionally, inclusion of 2 g/kg
MOS resulted in the upregulation (P < 0.01) of hepatic IL-2 gene expression in birds contaminated with
0.5 ppm aflatoxin. The present results indicate that supplemental MOS could improve cellular immunity via the
upregulation of hepatic IL-2 gene expression in birds challenged with aflatoxins.

1. Introduction

Approximately 25% of the world food crops are contaminated by
fungi specially Aspergillus parasiticus and Aspergillus flavus according to
the United Nations Food and Agriculture Organization (FAO, 2001) and
the World Health Organization (WHO, 2000). Mycotoxins manifested
wide series of biological activities including mutagenic, carcinogenic,
hepatotoxic, and also immunosuppressive (Bennett and Klich, 2003;
Pestka et al., 2004). Whitlow and Hagler (2002) suggested that myco-
toxins act through 4 proposed mechanisms: 1) decreased feed intake, 2)
depressed nutrient absorption and changed metabolism, 3) im-
munoinhibitory effects, and also 4) altered endocrinological status.

The immune system is vital defensive mechanism against invading

organisms and foreign substances such as mycotoxins (Sharma, 1993).
Exposure to mycotoxins manifests clinical signs including diarrhea,
vomiting, and hemorrhage (Canady et al., 2001). Interestingly, tissues
with higher protein turnover including immune organs, liver and small
intestine have been found to be negatively affected by mycotoxins
challenges (Feinberg and Mclaughlin, 1989). The effect of mycotoxins
on immune system is either suppressive or stimulator depending on the
time, duration and dose of exposure (Pestka, 2008). Aflatoxins, espe-
cially aflatoxin B1, are well known to be the most mutagenic and car-
cinogenic agents amongst mycotoxins (Hussein and Brasel, 2001;
Bennett and Klich, 2003) and to negatively affect animals, livestock and
humans health and production (Chen et al., 2008). Aflatoxins have been
frequently demonstrated to exert detrimental impacts on immunity via
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regression of bursa of Fabricius and lowering serum immunoglobulin in
ducks (Ortatatli and Oguz, 2001; Chen et al., 2014). Hence, long ex-
posure to aflatoxin B1 elevates susceptibility to infections and the
outbreaks of diseases (Thaxton et al., 1974). However, other re-
searchers (Cheng et al., 2001; Chaytor et al., 2011) showed that the
relative weights of lymphoid organs and the leukocyte counts were
unaffected in animal and poultry challenged with aflatoxin. Thereby,
much attention has been focused on finding efficient strategies to pre-
vent or to reduce the immunotoxic effects derived from aflatoxins.

Several inorganic adsorbents were previously applied to control the
toxic effects of mycotoxins (Santin et al., 2002a; Thieu et al., 2008).
Currently, one of the most interesting adsorbents, which have attracted
much attention, is organic adsorbents such as mannanoligosaccharides
(MOS) and β-glucan derived from yeast cell wall (Khan et al., 2017).
Yeast and yeast cell wall components ameliorate the deleterious effects
of mycotoxins (Huwig et al., 2001). The cell wall components (espe-
cially β-glucans) play the strongest role in mycotoxins adsorbent cap-
ability (Yiannikouris et al., 2004). Glucomannan derived from Sac-
charomyces cerevisiae sequestrates the toxins and prevents them from
being absorbed in gastrointestinal tract of animals as previously pro-
posed by Jouany et al. (2005). The proposed action mechanism of β-
glucans to adsorb aflatoxin is that they contribute to formation of hy-
drogen bonds with aflatoxin molecule through the presence of hy-
droxyl, lactone and ketone groups (Yiannikouris et al., 2006). Inter-
estingly, it seems supplemental MOS reduced the impact of
aflatoxicosis. Besides the adsorbent capacity, yeast cell wall is known to
be immunostimulant because of the active components including chitin,
mannan and glucan (Li and Gatlin, 2003; Rodriguez et al., 2003).
Shashidhara and Devegowda (2003) exhibited that improvement in
antibody titer against infectious bursal disease is evident after feeding
MOS to broiler breeders.

Although the immunotoxic effects arising from aflatoxins have been
frequently evidenced by several studies, little information is available
regarding to the effects of dietary inclusion of MOS on hepatic gene
expressions and humoral and cellular immune responses in aflatoxin-
challenged birds. The present study, therefore, was conducted to in-
vestigate the influence of supplemental MOS on expression of im-
munity-related genes in aflatoxicated broiler chicks.

2. Material and methods

2.1. Experimental design and dietary treatments

The present study was conducted in the Poultry Research Station of
Isfahan University of Technology and all protocols were approved by
Isfahan University of Technology Animal Care and Use Committee.
Three hundred and thirty six Ross 308 broiler chicks of seven-day-old
were randomly assigned into 7 experimental treatments with 4 re-
plicates of 12 birds each. Experimental treatments consisted of a control
group (unchallenged group) and a 2× 3 factorial arrangement of
treatments including 2 aflatoxin levels (0.5 and 2 ppm) and 3 levels of
supplemental MOS (0, 1 and 2 g/kg). Chicks were contaminated with a
mix of aflatoxins from 7 to 28 d of age. The experimental diets were
formulated to meet all of the nutritional requirements of broiler chicks
according to Ross Broiler Management Manual (2009). Light was on
continuously for the first week, and a 23 L: 1 D lighting schedule was
performed during remaining trial period. Feed and water were offered
ad libitum. Temperature was set on 33 °C during the first week and then
reduced by 3 °C/week to 24 °C.

2.2. Aflatoxin preparation and measurement

Aspergillus parasiticus PTCC-5286 was obtained from the Iranian
Research Organization for Science and Technology to produce afla-
toxins. Aspergillus parasiticus was cultured on sterile potato dextrose
agar and then incubated at 28 °C for 5 days. After providing uniform

fungus spore suspension, the number of spores per mL of distilled water
was counted using Hemocytometer. Amount of 150 g of rice with
150mL of water was thoroughly mixed in a flask and autoclaved to
produce a high quantity of fungus. Afterwards, 7–7.5 × 106 spores/mL
of suspension were inoculated in flask and then incubated at 28 °C for 5
days.

The inoculated rice powder was used to measure the concentration
of produced aflatoxins using high performance liquid chromatography
(LC-10, Shimadzu, Japan) according to the standard procedure (Method
994.08) of AOAC (2000) and method described by Buttinger (2010).
Table 1 shows the aflatoxins concentration in rice powder. The con-
taminated rice powder was used to achieve the final concentrations of
0.5 and 2 ppm aflatoxins in diets.

2.3. Measurement of relative weights of lymphoid organs

On d 28 of age, 2 birds per replicate were randomly selected and
sacrificed to measure lymphoid organs weights using a sensitive digital
scale. The relative weights of these organs were expressed as percen-
tages of live body weight as described by Rasouli and Jahanian (2015).

2.4. Differential leukocyte counts

Two randomly selected birds from each pen replicate were bled into
the heparin-containing tubes at 28 and 42 d of age. Differential counts
of leukocytes were performed by screening the Gimsa-stained slides.
The differential subpopulations of leukocytes were counted and the
heterophil: lymphocyte ratio was computed according to the method
described by Rasouli and Jahanian (2015).

2.5. Immunological responses

To determine immunological responses against infectious bronchitis
virus (IBV), infectious bursal (IBD), and Newcastle (NDV) diseases
viruses, chicks were orally vaccinated against these viruses at 13, 18,
and 18 d of age, respectively. Then, 2 randomly-selected birds from
each pen were bled and serum samples were collected at d 7 after each
vaccination. Antibody titer against NDV was measured by
Hemagglutination inhibition test using commercially available V-form
ELISA plates as described by Jahanian (2009). Antibody titers against
IBV and IBD were measured using commercial ELISA kits (IDEXX Corb,
Portland, ME, USA). The kits included both negative and positive
control samples. An automated IBM computerized reader was applied
as described by Snyder et al. (1984). Two readings/samples were ob-
tained for each serum dilution and mean antibody titers log10 were
computed.

2.6. RNA extraction

At 28 d of age, 2 birds from each pen were randomly selected and
sacrificed to take individual liver samples. Then, liver samples were
immediately placed on liquid nitrogen. Total RNA was extracted from
individual liver tissues using the YTA kit (Yekta Tajhiz Azma, IRAN; Cat
No: YT9065), according to the manufacturer's instructions. Liver sam-
ples removed from −80 °C and placed on dry ice. After that, a 25 to
30mg aliquot of each sample was weighed, placed into a 2-mL

Table 1
Final aflatoxins concentrations in aflatoxicated rice powder.

Aflatoxins Concentrations (μg/kg)

B1 17760
B2 1500
G1 3180
G2 120
Total aflatoxins 22560
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microcentrifuge tube containing RB buffer, kept on dry ice for 1 h until
homogenization using MS-100 TOMY homogenizer (TOMY digital
biology, Tokyo, Japan) at 4500 rpm for 1min. Following extraction,
RNA was eluted by rinsing the column membrane twice with 25 μL of
RNase-free water. Total RNA concentration was determined at optical
density (OD) 260 (NanoDrop-1000, Thermo Fisher Scientific, Waltham,
MA), and RNA purity was confirmed by assessing the ratio of OD 260 to
OD 280. The purified RNA samples were kept at −80 °C until they were
used.

2.7. cDNA preparing

Total RNA was diluted to 0.2 μL in nuclease-free water. Reverse
transcription was employed using the high capacity cDNA reverse
transcription kit (Reverta-L, Amplisens, Moscow, Russia) according to
the manufacturer’s manual and the cDNA was stored at −20 °C.

2.8. Primer designing

Primers were chosen from the conserved part of the coding regions
of different immunological genes [interleukin-2 (IL-2), interleukin-6
(IL-6), C reactive protein (CRP)] and the house-keeping gene glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH). Then primers were
designed using Beacon Designer Software with an annealing tempera-
ture of 60 °C and amplification size of less than 250 bp and synthesized
by Bioneer (Daejeon, Korea) (Table 2).

2.9. Quantitative real-time PCR (qRT-PCR)

Quantitative real-time PCR (qRT-PCR) was performed using real-
time PCR System (Applied Biosystems, Step One). Then, 2 μL of the
cDNA was added to each well of a 48-well plate. Next, 20 μL of real time
PCR master mix containing 10 μL of Fast SYBR Green Master Mix
(Applied Biosystems), 1 μL of mixed forward and reverse primers, and
10 μL of sterile nuclease-free water per reaction were added to each
well for a final volume of 23 μL. During the PCR reaction, samples were
exposed to an initial denaturation phase at 95 °C for 10min followed by
40 cycles of denaturation at 95 °C for 15 s and annealing and extension
at 60 °C for 1min. Gene expressions for IL-2, IL-6, and CRP were ana-
lyzed by using GAPDH as an endogenous control. Each gene was
measured in triplicate and the formation of single PCR products was
verified using melting curves.

For the quantitative PCR, the following cycle threshold (Ct) equa-
tions were used: ΔCt=Ct (gene of interest) - Ct (housekeeping gene);
ΔΔCt= ΔCt (sample) -ΔCt (control); and relative quantity= 2−ΔΔCt

(Livak and Schmittgen, 2001).

2.10. Statistical analysis

All data were subjected to ANOVA using the GLM procedures of SAS
software (SAS Institute, 1999) as a 2 × 3 factorial arrangement of
treatments including 2 levels of aflatoxin contamination and 3MOS
levels as the main effects and respective interactions (N= 48 individual
birds). The following model was applied for analysis of all the traits.
Yijk= μ+ Ai+ Bj+ ABij+ eijk, where Yijk (as dependent variables) =
observed value for a particular trait, μ= overall mean, Ai= effect of the

ith level of aflatoxin (independent variable), Bj= effect of the jth level
of MOS (independent variable), ABij= the respective interaction of
aflatoxin and MOS levels (independent variable), and eijk= random
error associated with the ijkth recording. The dependent variables
consisted of the relative lymphoid organ weights, humoral and cellular
immunity, as well as hepatic gene expressions. Treatment means were
compared by least significant difference (LSD) tests at P < 0.05 sta-
tistical level. The single degree of freedom contrast comparison was
made amongst control and aflatoxicated groups to investigate the ef-
fects of aflatoxin contamination on studied parameters (N= 56 in-
dividual birds). In equation form, L= c1X̄1+c2X̄2, where L is the
weighted sum of group means, the ci coefficients represent the assigned
weights of the means and X̄i represents the group means. To evaluate
model fit, a Shapiro-Wilk test for residual was generated to check for
normality (Razali and Wah, 2011). When the residual was not normal,
the log transformation of data was applied (Feng et al., 2014).

3. Results

3.1. Relative weights of lymphoid organs

Effect of dietary inclusion of different levels of MOS on relative
weights of lymphoid organs of broilers contaminated with aflatoxin is
summarized in Table 3. Aflatoxicated chicks had the smaller spleen
(P < 0.001) and bursa (P < 0.0001) as compared with those of con-
trol birds (control vs. aflatoxins). However, the relative weights of

Table 2
Primer sequences (5′→3′) used in real-time PCR.

Name Symbol Forward primer Reverse primer Product size (bp)

Interleukin-2 IL-2 TGCAGTGTTACCTGGGAGAA CTTGCATTCACTTCCGGTGT 135
Interleukin-6 IL-6 GACTCGTCCGGAGAGGTTG CGCACACGGTGAACTTCTT 128
C reactive protein CRP CGGCCCAGGAAGACCTCTACAG CGCAGGCACACGGTGAAGTT 136
Glyceraldehyde-3 phosphate dehydrogenase GAPDH GGTGGTGCTAAGCGTGTTAT ACCTCTGTCATCTCTCCACA 128

Table 3
Effects of dietary mannanoligosaccharides (MOS) supplementation on the re-
lative weights (%) of lymphoid organs of aflatoxin-contaminated broiler chicks
at 28 d of age (g/kg live body weigh).

Aflatoxin levels (ppm) MOS levels (g/kg) Spleen Bursa of Fabricius

Control1 0.12 0.27
0.5 0 0.09 0.18

1 0.10 0.21
2 0.11 0.22

2 0 0.08 0.17
1 0.10 0.20
2 0.11 0.21

Aflatoxin levels
0.5 0.10 0.20
2 0.09 0.19
MOS levels
0 0.08b 0.17b

1 0.10a 0.20a

2 0.11a 0.22a

SEM2 0.005 0.008
P-value
Aflatoxin levels 0.350 0.212
MOS levels 0.005 0.001
Aflatoxin×MOS 0.657 0.931
Normality 0.956 0.944
Contrast
Control vs. aflatoxin groups3 0.001 0.0001

a−bMeans with no common superscript within each column are significantly
(P< 0.05) different.

1 Control group is unchallenged birds receiving neither aflatoxins nor MOS.
2 SEM: standard error of the mean (N=48 individual birds).
3 N in contrast comparison is 56 individual birds.
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spleen and bursa of Fabricius weren’t affected by dietary aflatoxin
contamination levels at 28 d-aged chickens (0.5 ppm vs. 2 ppm).

Dietary MOS supplementation by at least 1 g/kg resulted in the
enhanced relative weights of spleen (P < 0.01) and bursa of Fabricius
(P < 0.001) at 28 d of age. However, the interactions between

aflatoxins levels and MOS levels regarding the relative weights of
lymphoid organs were not significant. The lowest weights of lymphoid
organs were elicited in birds contaminated with 2 ppm aflatoxin.

3.2. Immunological responses

According to Table 4, antibody titers against NDV, IBD, and IBV were
significantly (P < 0.01) lower in broilers exposed to aflatoxin compared to
control birds (control vs. aflatoxins). Antibody titer against NDV wasn’t
affected by increasing aflatoxin level in diets (0.5 ppm vs. 2 ppm). On the
other hand, an increase in aflatoxin level led to lower antibody titers against
IBD (P < 0.01) and IBV, marginally (P=0.066).

An increase in supplemental MOS level raised antibody titers
against NDV (P < 0.05), IBD (P < 0.01) and IBV (P < 0.05). The
interactions between afaltoxins levels and MOS levels on antibody titers
against different viral antigens were not significant. So, feeding 2 g/kg
MOS in each aflatoxins level caused the numerical increases in antibody
titers in chicks.

3.3. Differential leukocyte count

As shown in Tables 5 and 6, the lymphocyte percentage was de-
creased (P < 0.0001) in aflatoxicated chicks at both 28 and 42 d of
age, while heterophils proportion was increased (P < 0.0001). Con-
sequently, heterophil to lymphocyte ratio was markedly (P < 0.0001)
increased as the result of dietary aflatoxin contamination. However,
other leukocyte subpopulations weren’t affected by aflatoxin challenge
(0.5 ppm vs. 2 ppm).

Dietary administration of MOS (especially 2 g/kg) resulted in an
increase (P < 0.0001) in lymphocyte proportion and a decrease
(P < 0.001) in heterophil proportion; subsequently, it decreased het-
erophil to lymphocyte ratio (P < 0.0001) at both d 28 and 42 of age.
Dietary MOS supplementation modulated the lymphocyte and hetero-
phil proportions in birds exposed to 0.5 ppm aflatoxin at 28 d of age,
resulting in the significant (P < 0.05) aflatoxin × MOS interaction.
However, inclusion of different levels of MOS in aflatoxin-contaminated
diets didn’t counteract differential leukocyte count at 42 d of age.

Table 4
Effects of dietary mannanoligosaccharides (MOS) supplementation on antibody
titers of aflatoxin-contaminated broiler chicks.

Aflatoxin levels (ppm) MOS levels
(g/kg)

NDV2

(log2)
IBV2

(log10)
IBD2

(log10)

Control1 4.67 5.67 4.67
0.5 0 2.33 3.00 3.33

1 3.67 3.67 3.67
2 3.67 4.00 4.33

2 0 1.67 2.00 1.67
1 3.00 2.67 3.00
2 3.33 3.67 3.67

Aflatoxin levels
0.5 3.00 3.56 3.78a

2 2.89 2.78 2.78b

MOS levels
0 2.00b 2.50b 2.50b

1 3.17a 3.17ab 3.33ab

2 3.67a 3.83a 4.00a

SEM3 0.441 0.408 0.333
P-value
Aflatoxin levels 0.494 0.066 0.008
MOS levels 0.020 0.047 0.007
Aflatoxin×MOS 0.619 0.723 0.357
Normality 0.218 0.225 0.191
Contrast
Control vs. aflatoxin groups4 0.002 0.006 0.002

a−bMeans with no common superscript within each column are significantly
(P< 0.05) different.

1 Control group is unchallenged birds receiving neither aflatoxins nor MOS.
2 NDV: Newcastle disease virus; IBV: infectious bronchitis virus; IBD: in-

fectious bursal disease.
3 SEM: standard error of the mean (N=48 individual birds).
4 N in contrast comparison is 56 individual birds.

Table 5
Effects of dietary mannanoligosaccharides (MOS) supplementation on differential leukocyte percentages (%) of aflatoxin-contaminated broiler chicks at d 28 of age.

Aflatoxin levels (ppm) MOS levels (g/kg) Lymphocyte Monocyte Eosinophil Heterophil H: L2 ratio

Control1 74.33 3.00 0.67 22.00 0.30
0.5 0 68.33ab 4.00 1.33 26.33b 0.39b

1 70.33a 4.67 1.00 24.00b 0.34b

2 73.50a 5.50 1.00 20.00b 0.27b

2 0 56.00c 3.00 0.33 40.67a 0.73a

1 64.00b 6.33 0.67 29.00b 0.45b

2 69.33a 3.67 0.67 26.33b 0.38b

Aflatoxin levels
0.5 70.38a 4.63 1.13 23.88b 0.34b

2 63.11b 4.33 0.56 32.00a 0.52a

MOS levels
0 62.17c 3.50 0.83 33.50a 0.56a

1 67.17b 5.50 0.83 26.50b 0.40b

2 71.00a 4.40 0.80 23.80b 0.34b

SEM3 0.885 0.805 0.537 1.447 0.030
P-value
Aflatoxin levels 0.0001 0.632 0.314 0.0001 0.0001
MOS levels 0.0001 0.144 1.00 0.0004 0.0001
Aflatoxin×MOS 0.007 0.210 0.833 0.042 0.009
Normality 0.274 0.198 0.399 0.105 0.116
Contrast
Control vs. aflatoxin groups4 0.0001 0.702 0.501 0.0001 0.0002

a−c Means with no common superscript within each column are significantly (P< 0.05) different.
1 Control group is unchallenged birds receiving neither aflatoxins nor MOS.
2 H: L ratio: heterophil to lymphocyte ratio.
3 SEM: standard error of the mean (N=48 individual birds).
4 N in contrast comparison is 56 individual birds.
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3.4. Expression of hepatic immunological genes

According to Fig. 1, hepatic IL-2 gene expression was markedly
(P < 0.01) downregulated in birds contaminated with the highest level of
aflatoxin (2 ppm). In contrast, the relative abundances of mRNA of IL-6
(P < 0.0001) and CRP (P < 0.001) genes were increased in aflatoxicated
birds (Figs. 2 and 3), with the greatest abundances assigned to the birds
contaminated with 2 ppm aflatoxin (control vs. aflatoxins).

Hepatic IL-2 gene expression was noticeably (P < 0.001) upregu-
lated by supplemental MOS especially at the level of 2 g/kg (Fig. 4).
However, relative abundances of hepatic IL-6 (P < 0.0001) and CRP
(P < 0.01) mRNA were suppressed by dietary inclusion of 2 g of MOS/
kg (Figs. 5 and 6).

Notably, the interaction between experimental factors showed that
dietary supplementation of MOS at the level of 2 g/kg raised
(P < 0.01) the abundance of hepatic IL-2 mRNA in birds exposed to
0.5 ppm aflatoxin (Fig. 7), whereas the lowest abundance of IL-2 mRNA
was found in broilers challenged with aflatoxin without supplemental
MOS (Fig. 7; aflatoxins × MOS). On the other hand, the alterations in

hepatic IL-6 and CRP gene expressions in aflatoxin-contaminated chicks
weren’t ameliorated by dietary inclusion of MOS (Figs. 8 and 9).

4. Discussion

Mycotoxins, are known to be the causal agents, negatively affect
lymphocyte proliferation; in turn, depress immunological responses
(Stec et al., 2008). Impaired immunity has been shown to cause lower
resistance to infectious diseases and bacterial contamination (Rauber
et al., 2013). As noted, the relative weights of lymphoid organs were
affected by aflatoxin contamination of diets in the present study. Si-
milar results were obtained by Quist et al. (2000) and Chowdhury and
Smith (2007), who noted that the relative weight of spleen was lower in
turkey poults receiving aflatoxicated diets; consequently, antibody ti-
ters were depressed in these birds. As previously demonstrated, myco-
toxins suppress immunological responses through not only altering the
structural lymphoid organ including degeneration of follicle epithe-
lium, destruction of thymus cortex (Celik et al., 2000), but also chan-
ging their functions (Al-Anati and Petzinger, 2006). Of course,

Table 6
Effects of dietary mannanoligosaccharides (MOS) supplementation on differential leukocyte percentages (%) of aflatoxin-contaminated broiler chicks at d 42 of age.

Aflatoxin levels (ppm) MOS levels (g/kg) Lymphocyte Monocyte Eosinophil Heterophil H: L2 ratio

Control 74.50 3.75 1.00 20.75 0.28
0.5 0 71.75 2.50 0.25 25.50 0.36

1 71.00 3.67 2.00 23.33 0.33
2 74.00 2.00 1.50 22.50 0.30

2 0 67.00 3.00 1.25 28.75 0.43
1 68.75 5.25 0.50 25.50 0.37
2 71.50 3.00 1.50 24.00 0.34

Aflatoxin levels
0.5 72.00a 2.78 1.11 24.11 0.34
2 69.08b 3.75 1.08 26.08 0.38
MOS levels
0 69.38b 2.75 0.75 27.13a 0.39a

1 69.71b 4.57 1.14 24.57ab 0.35ab

2 72.33a 2.67 1.50 23.50b 0.33b

SEM3 1.099 0.935 0.483 1.378 0.024
P-value
Aflatoxin levels 0.006 0.242 0.701 0.084 0.036
MOS levels 0.038 0.151 0.371 0.054 0.044
Aflatoxin×MOS 0.503 0.858 0.075 0.843 0.710
Normality 0.379 0.425 0.508 0.401 0.062
Contrast
Control vs. aflatoxin groups4 0.009 0.282 0.224 0.006 0.006

a-b Means with no common superscript within each column are significantly (P< 0.05) different.
1Control group is unchallenged birds receiving neither aflatoxins nor MOS.

2 H: L ratio: heterophil to lymphocyte ratio.
3 SEM: standard error of the mean (N=48 individual birds).
4 N in contrast comparison is 56 individual birds.

Fig. 1. Effect of aflatoxin challenge on hepatic interleukin-2 (IL-2) gene expression in broiler chicks at d 28 of age.
a−b Means with no common superscript are significantly (P<0.05) different (N in contrast comparison is 56 individual birds).
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Kamalavenkatesh et al. (2005) reported that the susceptibility of lym-
phoid organs to mycotoxins might be resulted from the induction of
lysosomes and hydrolytic enzyme activities. Therefore, it is probable
that the smaller lymphoid organs were derived from their degenera-
tions. Contradictory results were obtained by several researches re-
garding the effects of mycotoxins on the relative weights of lymphoid
organs. For example, some studies reported that the relative weights of
lymphoid organs were decreased (Ortatatli and Oguz, 2001; Wang
et al., 2009), while others observed that they were increased (Hegazy
and Adachi, 2000; Tessari et al., 2006) or remained unaffected (Cheng
et al., 2001; Dänicke et al., 2003; Chowdhury and Smith, 2007).

Dietary MOS supplementation at the level of 2 g/kg increased the re-
lative weights of spleen and bursa of Fabricius in broiler chicks when
compared to unsupplemented chicks. Mannanoligosaccharides are con-
sidered to serve as the immunomodulator agents in laying hens (Cotter
et al., 2000). It seems that MOS play this activity via not only stimulating
mucosal and humoral immunity (Kogan and Kocher, 2007), but also for-
tifying cell-mediated immunity and their cellular proliferations especially in
lymphoid organs (Memis and Sakrak, 2007). Furthermore, the im-
munomodulatory activity of MOS might be mediated by its ability to sti-
mulate cytokine production by macrophages (Majtan et al., 2005). Because
of the presence of high mannose level, MOS bind to macrophage reception

Fig. 3. Effect of aflatoxin challenge on hepatic C reactive protein (CRP) gene expression in broiler chicks at d 28 of age.
a−b Means with no common superscript are significantly (P<0.05) different (N in contrast comparison is 56 individual birds).

Fig. 2. Effect of aflatoxin challenge on hepatic interleukin-6 (IL-6) gene expression in broiler chicks at d 28 of age.
a−b Means with no common superscript are significantly (P<0.05) different (N in contrast comparison is 56 individual birds).

Fig. 4. Effect of dietary mannanoligosaccharides (MOS) supplementation on hepatic interleukin-2 (IL-2) gene expression in broiler chicks at d 28 of age.
a−c Means with no common superscript are significantly (P< 0.05) different (N= 48 individual birds).
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sites (found in glycoproteins of epithelial surface), resulting in the stimu-
lation of cascade reaction and activating macrophages and cytokines se-
cretion (Memis and Sakrak, 2007). Our results are in line with Sadeghi et al.
(2013), who found an increase in relative spleen weight in Salmonella en-
teritidis-challenged broilers after feeding MOS. However, Mohamed et al.
(2008) reported that the relative weights of spleen and bursa of Fabricius
weren’t different in MOS-supplemented broiler chicks as compared with
control birds.

Notably, dietary administration of MOS couldn’t return relative
weights of lymphoid organs of intoxicated birds to normal status.

Nevertheless, the greatest weights of lymphoid organs were obtained in
aflatoxicated birds fed on diets supplemented with 2 g/kg MOS. Similar
to our results, Ghahri et al. (2010) and Nemati et al. (2015) found no
changes in relative weights of lymphoid organs in birds supplemented
with glucomannan accompanying with mycotoxins, whereas Girish and
Devegowda (2006) showed that regression of the relative weights of
thymus and bursa of Fabricius were ameliorated by supplemental glu-
comannan in aflatoxin-contaminated diet.

Although an increase in aflatoxins level had no influence on antibody
production titer against NDV, it suppressed antibody titers against IBD and

Fig. 5. Effect of dietary mannanoligosaccharides (MOS) supplementation on hepatic interleukin-6 (IL-6) gene expression in broiler chicks at d 28 of age.
a−c Means with no common superscript are significantly (P< 0.05) different (N= 48 individual birds).

Fig. 6. Effect of dietary mannanoligosaccharides (MOS) supplementation on hepatic C reactive protein (CRP) gene expression in broiler chicks at d 28 of age.
a−b Means with no common superscript are significantly (P<0.05) different (N= 48 individual birds).

Fig. 7. Effect of dietary mannanoligosaccharides (MOS) supplementation on hepatic interleukin-2 (IL-2) gene expression in broilers exposed to aflatoxin (AF) at d 28
of age.
a−e Means with no common superscript are significantly (P< 0.05) different (N= 48 individual birds; P-value for normality is 0.078).
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IBV (Table 4). The decreased lymphoid organ weights might be accounted
for the depressed antibody titers in aflatoxicated chicks. Furthermore, the
inhibition of protein synthesis, especially immunoglobulins G and A, might
be responsible for immunoinhibitory activity of aflatoxins (Santin et al.,
2002b; Pierron et al., 2016). On the other hand, the toxic effects of afla-
toxins on lymphocytes are considered to be liable to the inhibition of an-
tibody production and simultaneously antibody half-life depression (Azzam
and Gabal, 1997). Several previous studies (Tessari et al., 2006; Girish and
Smith, 2008; Ghahri et al., 2010) have found an immunoinhibitory activity
of mycotoxins, as determined by suppressing immunoglobulin and antibody
productions against NDV, IBD, and IBV. Contrary to our findings, Swamy
et al. (2002) and Chowdhury et al. (2005) found that mycotoxin exposure
had no effect on antibody titers against IBD in male chicks and ducks. These
contradictory results are depending on mycotoxin level and type, duration
and physiological status of animal or some other herd factors (Pestka,
2008).

An increase in aflatoxin level caused a decline in lymphocyte per-
centage and an increase in heterophil proportion, resulting in increased
heterophil to lymphocyte ratio. Antigens induce T cells to produce cy-
tokines; consequently, inhibition of T cells adversely affects the che-
motactic ability of leukocyte and inhibits cell-mediated immune re-
sponses (Girish and Smith, 2008). Mycotoxins interfere with
proliferation and differentiation of cells participating in immuno-
mediated activities (Oswald et al., 2005). Additionally, it was demon-
strated that mycotoxins not only caused lymphocytopenia and mono-
cytopenia as well as structural and functional alterations (Rafai et al.,
2000), but also they reduced lymphocyte viability (Oh et al., 2012).
Girish and Smith (2008) suggested that the suppressed cell-mediated
immunity seen in aflatoxin-fed birds is probably because of suppression

of helper and cytotoxic T cells activity. In contrast with mentioned
reports, some researchers (Deshmukh et al., 2005; Wu et al., 2015)
found that the lymphocyte percentage was increased as a result of
mycotoxin challenge.

As noted in Tables 5 and 6, the other leukocyte proportions weren’t
affected by aflatoxin contamination of diets in both 28 and 42 d of age.
Consistent with our findings, Tuzcu et al. (2010) and Chaytor et al.
(2011) reported that the percentages of monocytes, eosinophils and
basophils weren’t affected by the incremental levels of aflatoxin in mice
and pigs, respectively. However, Shahrzad et al. (2014) noticed that
feeding diets containing aflatoxin B1 and ochratoxin A resulted in lower
monocytes proportion in quail chicks.

Dietary inclusion of MOS particularly at the level of 2 g/kg resulted in a
rise in lymphocyte proportion and a decrease in heterophil proportion and
heterophil to lymphocyte ratio at 28 and 42 d of age. Reinforced to our
findings, Sadeghi et al. (2013) observed that supplemental MOS decreased
heterophil to lymphocyte ratio in Salmonella enteritidis-challenged chicks.
However, Basmacioglu et al. (2005) observed that dietary supplementation
of 1 g/kg esterified glucomannan had no marked effect on lymphocyte
percentage compared with control chicks.

Dietary MOS supplementation alleviated the depressed lymphocyte
percentage in aflatoxin-challenged birds at 28 d of age; in turn, it de-
creased heterophil to lymphocyte ratio resulting in the significant
aflatoxins × MOS interaction. This might be related to the adsorbent
capacity of MOS (Yiannikouris et al., 2004). Basmacioglu et al. (2005)
found that dietary supplementation of 1 g/kg esterified glucomannan
decreased heterophil and lymphocyte percentages in aflatoxicated
broiler chicks. Our results are inconsistent to those of Chowdhury et al.
(2005), who found no significant difference in terms of total leukocyte

Fig. 8. Effect of dietary mannanoligosaccharides (MOS) supplementation on hepatic interleukin-6 (IL-6) gene expression in broilers exposed to aflatoxin (AF) at d 28
of age (N=48 individual birds; P-value for normality is 0.068).

Fig. 9. Effect of dietary mannanoligosaccharides (MOS) supplementation on hepatic C reactive protein (CRP) gene expression in broilers exposed to aflatoxin (AF) at
d 28 of age (N=48 individual birds; P-value for normality is 0.092).
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and lymphocyte counts in hens supplemented with glucomannan in the
presence of high levels of Fusarium mycotoxins compared with un-
supplemented hens.

As shown in Fig. 1, the relative abundance of IL-2 mRNA in liver
was decreased as a result of the incremental levels of aflatoxins. It was
known that IL-2 induces T cell growth and its cytotoxic activity (Yarru
et al., 2009). Iiterlekin-2 is produced by T lymphocytes; consequently, it
modulates the B and T-lymphocytes functions (Dinarello, 2000; Girish
and Smith, 2008). Dugyala and Sharma (1996) reported that challen-
ging with 0.7 ppm aflatoxin B1 resulted in the suppressed IL-2 gene
expression in male mice. Similarly, Girish and Smith (2008) showed
that dietary contamination with fumonisin B1 downregulated proin-
flammatory cytokines including IL-1 and IL-2 in broiler chicks. Fur-
thermore, Marin et al. (2007) revealed that challenging with fumonisin
B1 reduced the IL-2 production in swine. Xue et al. (2010) observed
that feeding diet containing 0.5 ppm T-2 and 0.25 ppm ochratoxin A
depressed IL-2 and interferon-γ mRNA expressions in spleen of broiler
chicks, led to the lower serum concentrations of these cytokines.

Our results are in disagreement with those of Zhou et al. (1998),
who revealed that the gene expressions of IL-2 and tumor necrosis
factor-α (TNF-α) were upregulated in mice fed sub-chronic levels of
deoxynivalenol for 4 weeks. Similarly, Bhandari and Sharma (2002)
noticed that 2.5 mg fumonisin B1 treatment upregulated the expression
of pro-inflammatory cytokines (especially IL-2) in livers of mice.

The incremental levels of aflatoxins upregulated the hepatic IL-6
and CRP mRNA gene expressions (Figs. 2 and 3). The raised abundance
of hepatic CRP mRNA as the consequence of aflatoxin challenge is re-
lated and correlated with increasing circulating IL-6 (Ridker et al.,
2000). Interleukins, group of cytokines, are vital components of the
immune system. They act the physiological roles in the inflammation
(Tayal and Kalra, 2007). An imbalance between cytokines generation
led to various pathological disorders (Tayal and Kalra, 2007). It was
demonstrated that IL-6 is a proinflammatory cytokine (Yarru et al.,
2009) and acts as an essential helper factor for IgA secretion (Pestka,
2003). Dinarello (2000) stated that cytokines are the major regulators
of host responses to infection, immune responses and inflammation. In
agreement with the present findings, Dugyala and Sharma (1996) and
Meissonnier et al. (2008) reported that aflatoxin B1 caused the induc-
tion of IL-6 gene expression in rats and pigs, respectively. Similarly,
Bhandari and Sharma (2002) and Sharma et al. (2006) observed that
fumonisin B1 resulted in the upregulated expression of IL-6 and IL-12 in
liver of mice. An increase in IL-6 level might be arisen from acute phase
response to inflammatory processes caused by aflatoxins (Chaytor et al.,
2011; Li et al., 2014). Li et al. (2014) observed that aflatoxicated birds
displayed the greater expressions of IL-6 and TNF-α genes compared to
control group. In contrast, Han et al. (1999) noticed the downregulation
of IL-6 and IL-10 gene expressions in broilers subjected to aflatoxin.

As shown, dietary inclusion of MOS by at least 1 g/kg resulted in the
upregulation of IL-2 gene, and downregulated IL-6 and CRP gene ex-
pressions compared with control birds. In this regard, β-glucans were
known to increase cytokine (TNF-α, IL-6 and IL-2) release in vitro (Chen
et al., 2003). Moreover, Vetvicka and Vetvickova (2009) found that
glucan administration exerts the ameliorative effects on im-
munosuppression caused by mercury. As seen in Fig. 7, dietary sup-
plementation of MOS at the level of 2 g/kg upregulated hepatic IL-
2 gene expression in birds challenged with 0.5 ppm aflatoxins. This
might be attributed to adsorbent potential of MOS, resulting in the
decreased toxic effects of aflatoxins on liver.

5. Conclusion

Taken together, aflatoxin contamination of diet not only depressed
humoral and cellular immune responses in broiler chicks, but also it
diminished T and B cells growth and differentiation at the gene ex-
pression level (mainly through downregulation of IL-2 gene expres-
sion). On the other hand, MOS supplementation of diet could improve

immunological responses in aflatoxin-challenged birds, probably by
fortifying hepatic IL-2 gene expression.
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