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Abstract: Mycotoxins are one of the most immunosupressive factors in animal diets. It is important to consider that the
consumption of certain mycotoxins, at levels that are not cause overt clinical mycotoxicosis, suppresses immune function and
decrease resistance infectious disease. In this sense, mycotoxin adsorbents that are effective both in combating the damage
caused by these metabolites and in protecting and supporting animal health are increasingly essential in the animal nutrition
industry. It has been evaluated the effect of mycotoxin adsorbents, with different compositions, on the immune parameters in
broiler chickens challenged with mycotoxins. We have utilized 300 broilers, distributed in a completely randomized design with
four treatments and six replications. Three mycotoxin adsorbents with different compositions were tested, which were added
2.5kg/kg, in diets that were contaminated with 1.0 pp aflatoxin + 50.0 ppm fumonisin + 25.0 ppm DON. Evaluating a control diet
without contamination (T1), contaminated diet + YES - FIX HP (T2), contaminated diet + adsorbent A (T3), contaminated diet +
adsorbent B (T4). On the last day of the experimental period, blood samples were collected from eight birds per treatment for the
evaluation of phagocytosis by flow cytometry and the cecal tonsils were collected and determined the expression of interleukin 6
pro-inflammatory (IL 6) and interleukin 10 anti-inflammatory (IL 10) by quantifying the gene expression by RT-qPCR. In the
phagocytosis assay, a significant difference was observed between the control and T4 treatments, with a lower percentage of
phagocytic monocytes for treatment 4, which also presented the lowest value of IL-6 (pro-inflammatory). In the phagocytosis
assay, a significant difference was observed between the control and T4 treatments, with a lower percentage of phagocytic
monocytes for treatment 4, which also presented the lowest value of IL-6. Among the adsorbents evaluated, YES FIX HP
provided the highest average production of IL-10, which suggests a greater balance in the immune response of animals to the
challenge with mycotoxins, possibly contributing to the greater resistance of this group of animals to the main challenges faced in
the field and that require a response from the defense system.
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In farm animals the consumption of mycotoxins, at levels
that do not cause clinical mycotoxicosis, suppress immune
functions and may decrease resistance to infectious disease [1].
There are several relevant parameters for assessing the
immune status of animals, including phagocytosis assays and

1. Introduction

Globally, food and feeds have been seriously contaminated
with mycotoxins which aflatoxin, zearalenone, fumonisin,
deoxynivalenol, and ochratoxin are the most found [23].
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quantification of interleukins.

According to Sattler et al. [24], phagocytosis has become a
central process of the immune system’s first line of defense
against pathogens. Professional phagocytes take up microbes,
kill and digest them, and activate the downstream immune
response.

Essentially, cytokines represent an integrated network of
cellular mediators capable of eliciting diverse biological
effects influenced by the prevailing state of the organism [2].
Avian cytokines, similar to their mammalian counterparts, are
influential in host immune response to pathogenic infection.

Usually categorized as being either pro-inflammatory or
anti-inflammatory, cytokines are secreted by diverse cell
populations upon stimulation [21]. Notably, both
pro-inflammatory and anti-inflammatory types elicit distinct
responses to immunogens at different stages of an infection [3].

IL-6 is considered an early and sensitive indicator of
inflammatory reactions. It is the basic stimulator of acute
phase protein synthesis in the liver. In inflammatory
conditions, the concentration of IL-6 in the serum of patients
increases many times [5].

Interleukin IL10 is one of the main anti-inflammatory
cytokines. Suppressing distinct functions of Natural Killers
cells and T lymphocytes primarily, it prevents the production
of [L-12 and other pro-inflammatory cytokines (such as TNFa,
IL-6 and IL-1B) by APCs [20, 27]. IL-10 prevents the
increased expression of several genes in phagocytic and
dendritic cells that are normally induced by stimulation of
TLRs (toll like receptors) [27].

The use of mycotoxin detoxifiers as feed additives aims to
reduce mycotoxin toxicity in contaminated feed ingredients,
enabling their use for animal feed formulation [16]. There is a
wide array of mycotoxin detoxifiers, with an equivalent
myriad of claims [12].

The aim of this study was to evaluate the effect of different
mycotoxin adsorbents, with different compositions, on the
immune parameters of broiler chickens challenged with the
mycotoxins aflatoxin, fumonisin and DON.

2. Material and Methods
2.1. Animals

This project was approved by the Commission on ethics in
the use of animals (CEUA) of the company SAMITEC —
CEUA/SAMITEC.288.274.

It was used 300 male broilers of Cobb’s 500-line, one day
old and average weight of 41.88 grams. The experimental test
was conducted in an experimental room, 22 mz, with negative
pressure, acclimatized. The animals were housed in
experimental cages, each with a width of 0.5m, a length of
0.5m and a height of 0.33m, arranged in four overlapping
levels, each level with two cages. Each cage had a trough type
feeder, nipple type drinker with height adjustment.

2.2. Experimental Design and Diets

The birds were distributed in a completely randomized

design with five treatments and six replications, totaling 30
experimental units, each cage being an experimental unit
composed of ten birds.

The experimental diets were formulated to meet the
nutritional requirements, according to the recommendations of
NRC [22]. The diets were iso caloric, iso protein and iso
vitamin, according to the composition shown in table 1. The
raw materials and experimental diets were analyzed for the
presence of mycotoxins (aflatoxins, deoxynivalenol,
diacetoxyscirpenol, fumonisin, ochratoxin A, T-2 toxin and
zearalenone), and no mycotoxin was detected in the raw
materials used.

Table 1. Composition of diets.

Ingredients %
Corn 63.00
Soybean bran 29.80
Soybean oil 3.00
Lysine 0.10
Methionine 0.04
Dicalcium phosphate 2.00
Calcitic Limestone 1.00
Salt 0.46
Premix' 0.60
Calculated composition

Crude protein 20%
Metabolizable Energy 3050 Kcal/Kg
Met+ Cist 0.95%
Lysine 1.19 %
Calcium 0.95 %
Phosphorus available 0.48 %
Sodium 0.22%

1 guarantee levels per kg of product: Acid Folic: 140 mg/kg; Acid Pantot 1700
mg/kg; biotin: 15 mg/kg; Calcium: 30/130 g/kg; copper: 1410 mg/kg; choline:
40 g/kg DL-methionine: 260 g/kg; Enramycin: 1333 mg/kg; Iron: 8500 mg/kg;
Iodine: 150 mg/kg; Lysine: 50 g/kg; Manganese: 12 g/kg; Niacin: 5930 mg/kg;
Selenium: 45 mg/kg; vit. A: 1800000 Ulkg, Vit. B1: 580 mg/kg; vit. B12:
3000 mcg/kg; vit. B2: 960 mg/kg; vit. B6: 730 mg/kg; vit. D3: 300000 Ul/kg;
vit. E: 3750 Ul/kg; vit. K3: 300 mg/kg, Zinc: 9170 mg/kg.

Birds received feed and water ad libitum during the
experimental period (1 — 21 days). Three mycotoxin adsorbents
with different compositions were tested, which were added
2.5kg/kg, in diets that were contaminated with mycotoxins,
using 1.0 ppm aflatoxin + 50.0 ppm fumonisin + 25.0 ppm
DON. Aflatoxins (B1, B2, G1 and G2) were obtained from the
cultivation of a toxin strain of Aspergillus parasiticus, and the
concentrations used were B1: 93,8%, B2: 2,1%, G1: 3,4% e G2:
0,7%. Fumonisin (Bl and B2) were obtained from the
cultivation of a toxin strain of Fusarium moniliforme, and the
concentrations used were 95.8% of B1 and 4.2% of B2. And the
mycotoxin deoxynivalenol (DON) was obtained from the
cultivation of a toxin strain of Fusarium graminearum.

We evaluated a control diet without contamination,
contaminated diet with mycotoxins without absorbent,
contaminated diet + YES - FIX HP®, contaminated diet +
adsorbent A, contaminated diet + adsorbent B. The YES - FIX
HP® adsorbent presents in its composition: 1.3 and 1.6
beta-glucans, polycationic bentonite, activated charcoal, organic
molecule, silymarin and organic selenium. And, as informed by



Animal and Veterinary Sciences 2022; 10(4): 78-82 80

the manufacturers, in the respective packaging, adsorbent A
contains the following composition: dry brewery yeast
(glucomannans), Na aluminosilicate and Ca, and oyster flour.
While adsorbent B is composed of: bentonite, diatomite,
Eubacterium sp, seaweed flour, inactivated yeast, dried chicory

pulp.
2.3. Gene Expression of Interleukins IL 6 and IL 10

At the end of the experimental period, the cecal tonsils were
collected and determined the expression of pro-inflammatory
(IL 6) and anti-inflammatory (IL 10) interleukins by
quantifying the gene expression by RT-qPCR.

The quantification of gene expression is performed by
RT-qPCR, using specific initiators (primers) for each target. In
this type of analysis, each combination target and sample
generates a threshold value, Ct (threshold cycle), a measure of
the target-specific messenger RNA (mRNA) concentration in
the sample. The Ct value needs to be normalized as a function
of previously chosen reference genes generating a deltaCt
value (dCt) (Ct target-Ct reference gene).

For RNA extraction, approximately 100mg of tissue was
homogenized in TissueLyser (Qiagen), and the total RN A was
purified by extraction with TRI® Reagent (Sigma) —
chloroform. The extracts were treated with turboDNasel
(Ambion) and the RNA was quantified with NanoDrop
(Thermo Scientific). cDNAs were synthesized using the
High-capacity ¢cDNA Reverse Transcription kit (Applied
Biosystems), using 1 ug of RNA per reaction. cDNAs were
diluted 5x in sterile MilliQ water, and targets quantified using
Bright-Green PCR Master Mix (Biotium) in a QuantStudio 3
thermocycler (Thermo). The cycling used was 95°C 10min,
followed by 40 cycles of 95°C 15s and 60°C 1min. The Primer
Express 3.0 program was used to design the oligonucleotide
primers. The GAPDH and ACTB genes were used as internal
controls, and the relative gene expression was determined
using the 2-AACt method [17].

2.4. Statistical Analysis

Data were subjected to analysis of variance and comparison
of means by the Tukey test at 5%.

3. Results and Discussion

The results of gene expression of interleukins IL-6 and
IL-10 are shown in Figure 1. It was observed lower expression
of IL-6 in birds that received the diet contaminated with
mycotoxin + adsorbent B, differing from the other treatments.
Which, when unbalanced, it could indicate
immunosuppression of the birds' defense system. The other
treatments did not differ statistically from each other.

Immune response to pathogens involves the rapid activation
of pro-inflammatory cytokines that serve to initiate host
defense against microbial invasion. However, excess
inflammation can give rise to systemic metabolic and
hemodynamic disturbances harmful to the host. As a result,
the immune system has evolved parallel anti-inflammatory

mechanisms that serve to curb the production of
pro-inflammatory molecules to limit tissue damage and to
maintain or restore tissue homeostasis.

The effect of mycotoxins on the bird immune system can be
summarized in the following: depressed T- or B- lymphocyte

activity  (regressed bursa and thymus), suppressed
immunoglobulin and antibody production, reduced
complement or interferon activity, impaired

macrophage-effector cell function, and reduced antibody titers
and serum concentration of antibiotics [11].

Basically, cytokines mediate the turnout of an effective
immune response and serve as an interface between the two
arms (i.e., innate and adaptive elements) of an otherwise
complex immune system [9].

IL-6 also has a pyrogenic effect. Together with IL-1, TNF
and INF, this cytokine can significantly increase body
temperature by stimulating prostaglandin production. Increased
IL-6 production and sustained high serum concentration of this
cytokine promote the passage of an acute inflammatory reaction
into the chronic phase [5].

The largest expression of the IL-10, considering the
scenario of contamination and adsorbent addition, was
observed in the challenged group and supplemented with the
adsorbent YES - FIX HP. This fact is probably related to its
composition and resulted from the synergy between its active
ingredients. In addition to the raw materials responsible for the
adsorption of the main mycotoxins found in the field, this
adsorbent  contains  principles known to  have
immunomodulating, antioxidant and anti-inflammatory action:
1.3 and 1.6 beta-glucans from the yeast Sacharomyces
cerevisiae, organic selenium and milk thistle extract
(silymarin) differing from the other analyzed adsorbents.

IL-10 is an immunoregulatory cytokine whose primary
function is to limit inflammatory responses [6], with potent
anti-inflammatory properties that plays a central role in
limiting host immune response to pathogens, thereby
preventing damage to the host and maintaining normal tissue
homeostasis [13].

According to De Smedt et al. [7], IL-10 plays an essential
role in controlling the immune response, balancing the
response between Thl and Th2 through the regulation of
cytokine synthesis by antigen-presenting cells and reducing
tissue damage.

The function of beta-glucan present in Yes-Fix HP is
primarily the adsorption of mycotoxins, especially
zearalenone [30]. Additionally, B-glucans are known as
immune system modulators, acting mainly on macrophages,
exerting a beneficial effect against a variety of bacteria,
viruses, fungi and parasites [19], which can reduce the release
of pro-inflammatory cytokines [28].

Because b-glucans are not present within animal cells, they
are seen as “‘foreign” by the immune system and act as a
major microbe-associated molecular pattern (MAMP), that
primarily activates members of innate immunity [26].

However, it is noteworthy that the immunomodulatory
attributes of these molecules, which induce regulatory
responses of greater or lesser intensity, are probably related to
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their degree of purification and biotechnologies involved in
their production process. According to Zabriskie et al. [31],
the beta-glucan-mediated immunoregulation mechanism
depends on their interaction with immune cells located in the
intestine, which recognize these oligosaccharides.

An excessive inflammatory response is associated with
oxidative stress [15]; Selenium regulates the activation of
NF-kB, a transcription factor, which plays a pivotal role in the
regulation of inflammatory pathways [14]. Selenium can
inhibit NF-kB from binding the inflammation-related genes
which eventually reduce the expression of pro-inflammatory
cytokines [8]. The anti-inflammatory function of Se might be
due to the presence of specific selenoproteins, such as
glutathione peroxidase (GPx) which reduces the oxidation
induced inflammatory changes in the liver [18].

In addition to B-glucan and organic selenium, another

Relative gene expression IL-6
1.5- ANOVA, P<0,0001

~1.04
[
2 .f‘
0.54
Adsorbent
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Adsorbent A Adsorbent B

0.0 . 4
Control Comrol
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particularity of the composition of Yes — Fix HP is the
presence of silymarin. Silymarin is a natural product,
extracted from the seeds and fruits of the plant Silybum
marianum (milk thistle), and its effectiveness has been
attributed to the antioxidant, anti-inflammatory and
immunomodulatory mechanisms acting on several cells
signaling pathways [25, 4]. Wang et al. [29], observed a
reduction in the expression of pro-inflammatory interleukins
with the administration of silymarin prior to the challenge
with triploid-induced acute hepatotoxicity. According to
Esmaeila et al. [10], silymarin inhibits factor-kappaB
activation through suppression of inhibitory kappa B (IkB)
degradation and suppresses inflammatory response, oxidative
stress. Also, silymarin by suppression of STAT3 and ERK1/2
signaling pathways, inhibits oncogenesis, cell proliferation,
cell migration and iNOS gene expression.

Relative gene expression IL-10
ANOVA, P<0,0001

Control Control with Adsorbent Adsorbent A Absorbent B
mycotoxin  Fix HP

Figure 1. Gene expression of interleukins IL-6 and IL-10 in cecal tonsil of broiler chickens challenged with mycotoxins and different adsorbents.

4. Conclusion

Supplementation with the adsorbent YES - FIX HP®
allowed greater expression of IL-10, which is possibly related
to its composition and resulted from the synergy between its
active principles. In addition to the raw materials responsible
for the adsorption of the main mycotoxins found in the field,
this adsorbent contains principles known to have

immunomodulating, antioxidant and anti-inflammatory action,

which can contribute to strengthening the health of animals.
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