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Gastrointestinal health plays a crucial role in enhancing immune function and
maintaining a balanced gut microbiota in poultry. Regulation of inflammatory gene
expression and upregulation of genes related to intestinal health are key factors in
preserving epithelial integrity and immune efficiency. In the present study, the
effects of a drinking water supplement, commercially known as CytoGard, on the
expression of inflammatory and intestinal health-related genes during the rearing
period of broiler chickens were evaluated. A total of 180 Ross 308 broiler chickens
were randomly allocated to three experimental treatments: CytoGard, a
commercial probiotic serving as a positive control, and control groups, with six
replicates of 10 birds each. On day 42, ileum samples were collected to analyze the
expression of pro-inflammatory genes (TNF-a and IL-1B) as well as the anti-
inflammatory gene (IL-10). Additionally, the expression of gut health-related
genes, including occludin, mucin-2, and immunoglobulin A, was assessed using
real-time PCR. Furthermore, the mechanical properties of the tibia bone were
evaluated. The results showed that CytoGard significantly reduced the expression
of TNF-a and IL-1B compared to the control group (p<0.01). Moreover, the
expression of intestinal health-related genes such as mucin-2 and occludin was
significantly upregulated (p<0.01). The mechanical properties of tibia bone did not
differ significantly among groups (p>0.05). Therefore, regular supplementation
with CytoGard during the rearing period may be considered as an effective strategy
to enhance poultry gut health by reducing inflammation and upregulating the
expression of intestinal health-related genes.
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1 Introduction

he poultry industry is considered one of the most

important sectors of the agricultural industry
worldwide and plays a significant role in providing animal
protein, ensuring food security, and generating employment.
Poultry is one of the most important sources of protein
globally (1).

Global poultry meat consumption has increased markedly
over recent decades, making it the second most consumed
type of meat worldwide. Poultry meat consumption is
expected to grow by 2.4% annually until 2030 (2).
Maintaining gastrointestinal health, as the most important
organ system in nutrient digestion and absorption, plays a
crucial role in improving feed efficiency and animal
performance (3).

Various factors, including poor diet, viral, bacterial,
parasitic, and fungal pathogens, among others, cause
infection and inflammation in the digestive system, leading
to reduced nutrient absorption, an increased feed conversion
ratio (FCR), decreased weight gain, and ultimately
significant economic losses (4). Multiple studies have
demonstrated the beneficial effects of probiotics, such as
Lactococcus, Bifidobacterium, and Bacillus subtilis, as
nutritional supplements on regulating gut flora, enhancing
nutrient absorption, boosting the immune system, and
preventing and treating diseases (5, 6). One of the most
significant effects of probiotic supplementation in poultry is
the reduction of chronic intestinal inflammation, attributed
to the production of anti-inflammatory cytokines in the
intestinal tissue (7).

Mucosal interleukin-10 (IL-10), as an anti-inflammatory
cytokine, plays a critical role in maintaining normal structure
of the gut, promoting gut health, enhancing the expression
of tight junction proteins in intestinal epithelial cells,
increasing mucus production as a protective barrier, and
elevating the secretion of immunoglobulin A (IgA) at the
mucosal surface of the gastrointestinal tract (8, 9).

The presence of a protective mucosal layer in the
intestinal epithelium plays a vital role in maintaining
gastrointestinal health. The mucosal layer forms a barrier
against toxins/antigens and facilitates absorption. Numerous
studies have demonstrated the role of mucosal IL-10 in
enhancing the integrity and strength of the intestinal
epithelium (8, 10, 11).

The presence of 1L-10 in the intestinal lumen suppresses
the expression of pro-inflammatory genes, such as tumor
necrosis factor-alpha (TNF-a), leading to the upregulation of
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junctional proteins (e.g., E-cadherin, occludin), thereby
enhancing intestinal mucosal health. Furthermore, numerous
studies have demonstrated that mucosal IL-10 promotes the
intestinal immune function by increasing the population of
gut macrophages and regulating IgA secretion (8, 12, 13).

Recombinant proteins, such as cytokines, are considered
a novel and effective approach to modulating immunity and
improving gut health (14). In this context, our previous study
demonstrated that a drinking water supplement,
commercially known as CytoGard (containing recombinant
chicken IL-10), has valuable effects on growth performance,
improves gut microbial populations, and increases intestinal
microvilli length in broiler chickens during the rearing
period (14).

However, the molecular mechanisms underlying the
direct effects of CytoGard on the expression of TNF-a, IL-
1B, IL-10, and MUC?2, as related to immunity and intestinal
mucosal health, remain unclear.

The present study investigated the effects of CytoGard
supplementation on the expression of key pro-inflammatory,
anti-inflammatory, and intestinal health-related genes in
broiler chickens. In addition, we evaluated the effects of
CytoGard supplementation on the mechanical properties of
tibia bone. We hypothesized that water-delivered CytoGard
would beneficially modulate intestinal immune and barrier-
related gene expression in broilers, without affecting tibia
bone strength.

2 Materials and methods
2.1  CytoGard production

CytoGard was developed in previous studies by Nika Zist
Afarin, a knowledge-based company located at the Ferdowsi
University of Mashhad Science and Technology Park, using
recombinant DNA technology. The production method and
in vitro effects of CytoGard on chicken splenocytes have
been investigated in our previous study (15).

In brief, using recombinant DNA technology and genetic
engineering, the chicken I1L-10 coding gene was cloned into
a B. subtilis expression vector. The positive clones were
screened using specific molecular methods. The production
of recombinant IL-10 was subsequently optimized in a 5-L
fermentor, operated at 37°C, with the pH maintained at 7.0
and dissolved oxygen (DO) controlled at 30% saturation,
using a fed-batch feeding strategy. Expression was induced
at the mid-long phase (OD600=1.0) by 1% xylose and
maintained for 18 h. Afterward, cultures were harvested
based on OD600 and product yield. Nano-encapsulation
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techniques were applied to protect the cytokine from
degradation in the gastrointestinal tract. The final product
was lyophilized into a stable powder form. The active
ingredient was then mixed with safe diluents to prepare
different doses of CytoGard. The exact dose of chicken IL-
10 was determined using a specific ELISA kit (Chicken IL-
10 ELISA kit, SUNLONG, China) according to the
manufacturer’s protocol. Furthermore, we evaluated the
effects of different doses of CytoGard on body weight gain,
FCR, gut microbial composition, and intestinal
morphometric characteristics, with a dose of 20 ng/L
demonstrating the most favorable outcomes (14).

2.2 Experimental design and treatment groups

The experiment was conducted at the research farm of
Ferdowsi University of Mashhad. A total of 180 one-day-old
Ross 308 broiler chicks, comprising both male and female
birds, were purchased. Chickens were randomly assigned to

Table 1. Ingredient composition of the diet (%)
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three treatment groups, each consisting of six cages as
experimental units, with 10 chickens per cage.
Randomization was performed using a computer-generated
list, ensuring equal numbers of males and females in each
group. Based on previous studies, the optimal dose of
CytoGard was determined to be 20 ng/L (14). The positive
control group received a commercial probiotic (PrimalLac)
administered in drinking water at the recommended dose:
20g per 1000 L of water from day O to day 20, and 60g per
1000 L of water from day 21 onward. The negative control
group received drinking water without any additives.
CytoGard supplementation was provided continuously from
day 0 to 42. Environmental conditions, including
temperature, humidity, and lighting, were adjusted
according to the age of the chicks. Birds were reared under
these conditions for a total of 42 days.

Diets were formulated for different growth phases: starter
(days 1-10), grower (days 11-24), and finisher (days 25-42)
(Table 1). Drinking water was replaced daily.

Diet components Starter (1-10 days)

Grower (11-24 days) Finisher (25-42 days)

Soybean 35.92
Corn 55
Oil 3
Di-Calcium phosphate 1.64
L-Lysine 0.32
Limestone 1.55
Salt 0.42
Mineral premix* 0.25
Vitamin premix? 0.25
D-L- Methionine 0.15
\Wheat bran 15

36.24 334
53.12 55.58
5 5.7
1.45 1.38
0.34 0.13
1.28 1.27
0.42 0.42
0.25 0.25
0.25 0.25
0.15 0.12
1.5 15

! Mineral premix supplied the following, per kilogram of diet: Manganese sulfate 248 mg, Ferrous sulfate 125 mg, Zinc oxide 211 mg, Copper sulfate 25

mg, Calcium iodate 25 mg, Selenium 5 mg, Choline 625 mg, Antioxidant 25 mg

2 Vitamin premix supplied the following, per kilogram of diet: Vitamin A 22500 IU, Vitamin D3 5000 1U, Vitamin E 45 IU, Vitamin B1 4 mg, Vitamin K
5 mg, Vitamin B12 0.4 mg, Pantothenic acid 24 mg, Folic acid 2.5 mg, Niacin 74 mg, Pyridoxine 7.3 mg, Biotin 0.04 mg

2.3 Sample collection

At the end of the experimental period (day 42), two birds
from each cage, representing the average body weight of the
group, were selected and slaughtered from four replicates.
lleal tissue samples were collected for gene expression
analysis and immediately placed in RNA Shield solution
(Dena Zist Asia, Mashhad, Iran). Samples were stored at —
70°C until RNA extraction was performed.
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2.4 RNA extraction and gene expression analysis

Total RNA was extracted from ileal tissue samples using
a total RNA extraction kit (Pars Toos, Tehran, Iran)
according to the manufacturer’s protocol. RNA
concentration was measured using a Nano Drop
spectrophotometer (BioTek, Vinouski, USA). To remove
genomic DNA contamination, total RNA samples were
treated with 1 U DNase | (RNase-free) (Sinaclon, Tehran,
Iran) at 37°C for 15min. Inactivation of the DNase was
performed by adding one pL of 50 mM
ethylenediaminetetraacetic acid (EDTA) at 85°C. cDNA
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synthesis was performed from 1pg of RNA using a cDNA
synthesis Kit (Pars Toos, Tehran, Iran). Real-time PCR
reactions were carried out using RealQ Plus 2x Master Mix
Green (Ampligon, Odense, Denmark) in a Rotor-Gene Q
real-time PCR cycler (Hilden, Germany).

The expression of pro-inflammatory genes TNF-o and
interleukin-1 beta (IL-1p), the anti-inflammatory gene IL-

Table 2. Gene-specific primer sequences used in the real-time PCR
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10, and gut health and mucosal immune-related genes
(occludin, mucin-2, and IgA) was evaluated by real-time
PCR. B-actin was used as the reference gene. Standard
curves were generated for all genes, and PCR efficiency (%)
was calculated according to Equation 1. Table 2 lists the
gene-specific primers and accession numbers of the genes
used in this study.

Gene Sequence primer Ta(°’C) PCR Product Accession number
(bp)

B-actin- F AGATGACCCAGATCATGTTTGAGAC 59 111 NM_205518.2

B-actin-R AGTCCATCACAATGCCAGTGG

TNF-F AATTTGCAGGCTGTTTCTGC 59 112 XM_046927262.1

TNF-R TATGAAGGTGGTGCAGATGG

IL10-F CATGCTGCTGGGCCTGAA 62 94 NM_001004414.4

IL10-R CGTCTCCTTGATCTGCTTGATG

IL1B -F GCTCTACATGTCGTGTGTGATGAG 63 80 XM_046931582.1

IL-1 -R TGTCGATGTCCCGCATGA

Occludin-F GATGGACAGCATCAACGACC 62.5 142 XM_046904540.1

Occludin-R CTTGCTTTGGTAGTCTGGGC

Mucin-F ATTGAAGCCAGCAATGGTGT 62 119 XM_046942297.1

Mucin-R GCCTTGTCATCAAAGTTGCC

IgA-F AGCATCAGGAAGGAGACGG 62.5 160 XM_040685381.2

IgA-R GGTTTTGTTGGGTCCACGTC

IL10: Interleukin 10, IL-1p: Interleukin 1 beta, IgA: Immunoglobulin A

Three technical replicates were performed for each
biological sample. For REST analysis, each treatment group
included six biological replicates corresponding to six cages,
with RNA pooled from 2-3 chicks per cage (n=6 pens per
group, 10 chicks per pen). Amplification steps included
15min at 95°C (1x), followed by 30s at 95°C, 30s at
annealing temperature, and 30s at 72°C (40x). Data were
analyzed by REST software.

Equation 1: (10-¥sP*-1) x 100

2.5  Determination of the mechanical properties of the
tibia bone

At 42 days of age, one male bird from each pen (six birds
per treatment) was selected using pre-randomized selection
and slaughtered. Only males were chosen to minimize sex-
related variation. Then, the tibia bone was carefully excised,
and any adhering tissues were removed. The bones were
wrapped in saline-soaked gauze, placed in sealed plastic
bags, and stored at -20°C until further examination to
maintain hydration. The right tibia bone was used for the
strength test. After thawing, the mechanical properties of the
bones were determined using a three-point bending test
method. This method calculates the force required to break

the bone by considering the thickness of the bone layer, as
well as the diameter and length of the bone. Mechanical
properties of the tibia were assessed using a Universal
Testing Machine (Model H5KS, Tinius Olsen Company,
Norwood, USA). The support span was set at 40% of the
bone length. The bone was positioned in the anterior-
posterior plane, and a perpendicular load was applied to the
midpoint at a displacement rate of 5 mm/min until fracture
occurred (16). The results were recorded as the force
required to reach the structural failure of the tibia (N),
stiffness (N/mm), and energy (J) for each bone.

2.6  Statistical analysis

Data were analyzed using one-way ANOVA followed by
Tukey's post-hoc test for multiple comparisons. In cases of
non-normal distributions, the Kruskal-Wallis test with
Dunn's post-hoc correction was applied. Significant
differences between groups were determined as follows:
**E*<0.0001, ***p<0.001, **p<0.01, and *p<0.05.
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3 Results

3.1  Effects of CytoGard on the down-regulation of pro-
inflammatory and anti-inflammatory cytokines

expression

To test whether CytoGard affected the expression of pro-
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evaluated the expression of TNF-a, IL-1pB, and IL-10 in
ileum tissues by real-time PCR analysis. Standard curves
were generated for each gene, and their characteristics are
presented in Table 3.

inflammatory and anti-inflammatory cytokines, we

Table 3. Standard curve characteristics in Real-time PCR
Parameter/gene B-actin TNF-a IL-1B 1L-10 Mucin-2 Occludin IgA
R? 0.999 0.995 0.987 0.999 0.997 0.996 0.994
Slope -3.33 -3.68 -3.34 -3.28 -3.56 -3.46 -3.38
Efficiency (%) 99.5 86.6 99 100 90 94.5 97

IL10: Interleukin 10, IL-1p: Interleukin 1 beta, IgA: Immunoglobulin A

Analysis of pro-inflammatory gene expression revealed
that using CytoGard as a water drinking supplement
significantly reduced the expression of TNF-o and IL-1§
compared to the control group (p<0.01) (Figure 1). These
findings indicated the strong anti-inflammatory properties of
IL-10 in suppressing pro-inflammatory cytokines. In the
commercial probiotic group,
reduced; however, the change was not statistically
significant (p=0.18). IL-1p expression in the probiotic group

TNF-a. expression was
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showed a slight increase compared to the control, although
this difference was not significant (p=0.21). Therefore,
unlike CytoGard, the commercial probiotic was not effective
in reducing intestinal inflammation. Expression of the anti-
inflammatory cytokine IL-10 was also reduced in the
CytoGard group relative to the control (p<0.1). A similar
non-significant reduction was observed in the probiotic
group (p<0.1).
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Figure 1. The expression of pro-inflammatory genes TNF-a and interleukin-1p, as well as the anti-inflammatory gene interleukin-10, in the

ileal tissue on day 42 in the groups including: Cont. (control), Prob. (commercial probiotic PrimaLac), and CytoGard (20 ng/L). Data are

represented as Mean £SD. Statistical significance differences are indicated as **p< 0.01

3.2 Effects of CytoGard on the upregulation of intestinal

health-related gene expression

The expression of intestinal health-related genes,
including occludin, a key protein in tight junctions of
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epithelial cells, and mucin-2, a major component of mucus,
was investigated. The results showed that the expression of
occludin and mucin-2 was significantly upregulated in the
CytoGard group compared to the control (p<0.01) (Figure
2).
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Figure 2. The expression of mucin-2, occludin, and immunoglobulin A (IgA) genes in the ileal tissue on day 42 in the groups including Cont.

(control), Prob. (commercial probiotic PrimaLac), and CytoGard (20 ng/L). Data are represented as Mean +SD. Statistical significance

differences are indicated as **p<0.01

We observed that the expression of mucin-2 increased
compared to the control in the commercial probiotic group
(p<0.01), whereas the expression of occludin was
significantly reduced (p<0.01). The expression of IgA in the
CytoGard group showed a slight decrease compared to the
control, but this difference was not statistically significant.
In contrast, the probiotic group exhibited a significant
reduction in IgA expression relative to the control.

3.3 Effects of CytoGard on tibia bone mechanical
properties

Evaluation of the mechanical properties of tibia bone
indicated that there were no significant differences in force,

Table 4. Mechanical properties of tibia bone

stiffness, or energy among the control, commercial
probiotic, and CytoGard groups (p>0.05). As shown in Table
4, the mean force required to fracture the tibia was 0.41,
0.56, and 0.37 N for the control, probiotic, and CytoGard
groups, respectively, with no statistically significant
differences observed. Therefore, similar to the commercial
probiotic, CytoGard supplementation did not affect tibia
strength.

Parameter/ Group Control Probiotic CytoGard
Force (N) 0.41+0.09 0.56+0.22 0.37+0.11
Stiffness (N/mm) 2.68+0.49 2.78+0.34 2.26x0.31
Energy (J) 269.4+32 293.2+82 269.28+31

Data are represented as Mean +SD

4 Discussion

The poultry industry has continuously sought safe and
scientific strategies to replace antibiotic growth promoters
and improve the health of broiler flocks (17-19). In the
present study, we investigated the effects of the drinking
water supplement CytoGard (containing recombinant
chicken interleukin-10) on ileal mMRNA expression of key

inflammatory and barrier markers (TNF-a, IL-1p, IL-10,
MUC2, occludin, IgA) and on tibia mechanical properties,
testing the hypothesis that CytoGard administration would
reduce intestinal inflammation and improve gut barrier
function and bone integrity in broilers. The findings of the
present study demonstrated a significant reduction in the
expression of the pro-inflammatory genes TNF-o and IL-1
in the CytoGard group. TNF-o and IL-1p are pro-
inflammatory cytokines that are secreted in response to

)
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pathogens, toxins, and environmental stressors (20). These
molecules activate the immune system, increase intestinal
epithelial permeability, disrupt tight junctions, and
contribute to the development of chronic inflammation (21).
The downregulation of these genes results in a reduction of
chronic intestinal inflammation, preservation of tissue
integrity, improved nutrient absorption, and decreased
energy expenditure by the immune system. This finding is
particularly important because chronic and subclinical
intestinal inflammation is a highly detrimental factor in the
poultry industry, leading to energy loss, reduced feed
efficiency, and impairment of intestinal integrity. Studies in
poultry have demonstrated that systemic inflammation is
closely associated with decreased epithelial barrier integrity
and reduced mucosal layer thickness (22, 23).

IL-10, an anti-inflammatory cytokine, plays a crucial role
in regulating and suppressing inflammatory responses,
thereby preventing tissue damage and maintaining immune
system homeostasis by inhibiting the transcription factor
NF-xB, a key regulator of inflammatory gene activation
(24). As shown in Figure 1, CytoGard supplementation also
reduced the expression of this anti-inflammatory cytokine.
This concurrent reduction in pro-inflammatory genes
indicates the maintenance of immune balance and a non-
inflammatory intestinal state in the gut, which is desirable
for animal health. Moreover, the production of IL-10 and
other cytokines entails a metabolic cost, and their reduction
under non-inflammatory conditions allows the body to
redirect energy toward growth and production, which is
particularly important in broiler rearing (8).

In the commercial probiotic group, a reduction in TNF-a
expression was observed, but it was not statistically
significant. This may be related to the type, dose, or duration
of probiotic administration. Several studies have reported
that the anti-inflammatory effects of probiotics are
dependent on the species and strain used (25). IL-10
expression in the probiotic group also showed a reduction,
but the magnitude of this decrease was much lower than that
observed in the CytoGard group.

Furthermore, the assessment of intestinal health-related
gene expression, including occludin and mucin-2,
demonstrated that CytoGard supplementation is associated
with up-regulation of barrier-related transcripts, suggesting
potential benefits for intestinal barrier function. Occludin is
a key protein in tight junctions of epithelial cells, responsible
for maintaining the integrity of the intestinal barrier and
preventing the translocation of pathogens and toxins from
the lumen into the bloodstream. Mucin-2 is a major

A

G
L\ SANA®
AVLAN HOSPITAL

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2026, VOL. 4, NO. 1, 1-9

component of mucus, forming a protective layer over
epithelial cells and helping to prevent microbial adhesion
and invasion (26, 27).

Previous studies have shown that IL-10 can preserve
epithelial cell junctions by reducing inflammation (28). In
the probiotic group, a significant increase in mucin-2
expression was also observed, indicating the positive effect
of probiatics on enhancing protective mucus secretion in the
gut, a finding supported by multiple studies (29, 30). In
2024, Wasim Abbas et al. reported that a 14-day
administration of an antibiotic cocktail led to a significant
reduction in the expression of occludin and mucin-2 genes
(22). Thus, prolonged use of antibiotic cocktails impaired the
function of tight junctions in broilers (22, 31). In contrast,
CytoGard, as a safe alternative to antibiotics, not only
avoided such adverse effects but also increased the
expression of occludin and mucin-2.

Expression of IgA in the CytoGard group decreased
slightly compared to the control, but the reduction was not
statistically significant. In contrast, the probiotic group
showed a significant reduction in IgA expression relative to
the control. The simultaneous increase in occludin and
mucin-2 expression, along with a slight decrease in IgA,
suggests that the intestine is in an actively defensive but non-
inflammatory state (Figure 2).

This study is limited by the reliance on ileal mMRNA
expression data without complementary protein-level or
functional assays. Therefore, the observed changes in gene
expression should be interpreted with caution, as post-
transcriptional and post-translational regulation may
influence the actual biological outcomes. Additionally, the
findings of this study indicated that supplementation with the
commercial probiotic and CytoGard drinking solution
containing IL-10 had no significant effects on mechanical
bone parameters, including force, stiffness, and energy, over
the 42-day rearing period. IL-10, as an anti-inflammatory
cytokine, can indirectly influence bone metabolism by
modulating immune responses and reducing inflammation.
However, it appears that short-term supplementation under
the present conditions was insufficient to induce noticeable
changes in bone strength. Moreover, bone strength is
influenced by complex factors such as mineral absorption
and deposition, growth rate, and bird activity (32), which
may have modulated the potential effects of CytoGard or
probiotics.
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5 Conclusion

This study clearly demonstrates that CytoGard, when
used as a drinking water supplement, has considerable
potential to specifically modulate the immune system and
enhance intestinal integrity in broiler chickens. By reducing
inflammation and strengthening the intestinal barrier, this
supplement may significantly contribute to improved growth
performance and reduced Feed Conversion Ratio (14). No
differences in tibia mechanical properties were detected
among groups. In future studies, the effect of CytoGard
should be further evaluated by assessing cytokine and IgA
protein levels, intestinal barrier permeability assays, as well
as microbiota profiling and bone geometry—normalized
testing.

Acknowledgements

None.

Conflict of Interest

The authors declare no competing interests.

Author Contributions

MH.S. designed and directed the project; MH.S. and S.H.
conceived and planned the experiments. S.H., M.M.S.,
JK.A.,, H.S., and N.A. carried out the experiments. MH.S.
and S.H. analyzed the data. MH.S., A.H., B.O., and A.J.
contributed to the interpretation of the results. MH.S. took
the lead in writing the manuscript with input from all
authors. All authors discussed the results and commented on
the manuscript.

Data Availability Statement

All authors are ready to provide the available data to
readers upon request via email or any other communication
platform.

Ethical Considerations

The animal experimental protocol was conducted with the
approval of the Ethics Committee of Ferdowsi University of
Mashhad (code: 528662, 1403.11.10). All procedures in the
animal experiments were strictly followed by the guidelines
for the care and use of laboratory animals issued by the
National Institutes of Health.

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2026, VOL. 4, NO. 1, 1-9

Funding

Nika Zist Afarin Company supported this study.

References

1. Bist RB, Bist K, Poudel S, Subedi D, Yang X, Paneru B,
et al. Sustainable poultry farming practices: a critical review of
current strategies and future prospects. Poultry Science.
2024;103(12):104295. [PMID: 39312848] [PMCID:
PMC11447413] [DOI]

2. Nations FaAOotU. Gateway to Poultry Production and
Products. http://wwwfaoorg/poultry-production-
products/production/en/. 2020.

3. Singh AK, Kim WK. Effects of dietary fiber on nutrients
utilization and gut health of poultry: a review of challenges and
opportunities. Animals. 2021;11(1):181. [PMID: 33466662]
[PMCID: PMC7828824] [DOI]

4. Bindari YR, Gerber PF. Centennial Review: Factors
affecting the chicken gastrointestinal microbial composition and
their association with gut health and productive performance.
Poultry Science. 2022;101(1):101612. [PMID: 34872745]
[PMCID: PMC8713025] [DOI]

5. Jiang S, Yan F-F, Hu J-Y, Mohammed A, Cheng H-W.
Bacillus subtilis-based probiotic improves skeletal health and
immunity in broiler chickens exposed to heat stress. Animals.
2021;11(6):1494. [PMID: 34064126] [PMCID: PMC8224346]
[DOI1]

6. Rajput DS, Zeng D, Khalique A, Rajput SS, Wang H,
Zhao Y, et al. Pretreatment with probiotics ameliorate gut health
and necrotic enteritis in broiler chickens, a substitute to antibiotics.
Amb Express. 2020;10(1):220. [PMID: 33336284] [PMCID:
PMC7746796] [DOI]

7. Zhao Y, Zeng Y, Zeng D, Wang H, Sun N, Xin J, et al.
Dietary probiotic supplementation suppresses subclinical necrotic
enteritis in broiler chickens in a microbiota-dependent manner.
Frontiers in Immunology. 2022;13:855426. [PMID: 35371037]
[PMCID: PMC8972058] [DOI]

8. Nguyen HD, Aljamaei HM, Stadnyk AW. The
production and function of endogenous interleukin-10 in intestinal
epithelial cells and gut homeostasis. Cellular and Molecular
Gastroenterology and Hepatology. 2021;12(4):1343-52. [PMID:
34271223] [PMCID: PMC8463866] [DOI]

9. Waeytens A, Ferdinande L, Neirynck S, Rottiers P, De
Vos M, Steidler L, et al. Paracellular entry of interleukin-10
producing Lactococcus lactis in inflamed intestinal mucosa in
mice. Inflammatory bowel diseases. 2008;14(4):471-9. [PMID:
18092343] [PMCID: https://doi.org/10.1002/ibd.20346]

10. Berg DJ, Zhang J, Weinstock JV, Ismail HF, Earle KA,
Alila H, et al. Rapid development of colitis in NSAID-treated IL-
10-deficient mice. Gastroenterology. 2002;123(5):1527-42.
[PMID: 12404228] [DOI]

11. Mazzon E, Puzzolo D, Caputi AP, Cuzzocrea S. Role of
IL-10 in hepatocyte tight junction alteration in mouse model of
experimental colitis. Molecular Medicine. 2002;8(7):353-66.
[PMID: 12393933] [PMCID: PMC2039999] [DOI]

12. Meunier D, Corona-Torres R, Boulton K, Wu Z,
Ballantyne M, Glendinning L, et al. Interleukin 10 controls the
balance  between tolerance, pathogen elimination and
immunopathology in birds. bioRxiv. 2025:2025.01. 10.632125.
[DOI]

13. Sun X, Yang H, Nose K, Nose S, Haxhija EQ, Koga H,
et al. Decline in intestinal mucosal IL-10 expression and decreased
intestinal barrier function in a mouse model of total parenteral
nutrition. American Journal of Physiology-Gastrointestinal and

)

G
l\ SANA®
AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/39312848
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11447413
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11447413
https://doi.org/10.1016/j.psj.2024.104295
https://pubmed.ncbi.nlm.nih.gov/33466662
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7828824
https://doi.org/10.3390/ani11010181
https://pubmed.ncbi.nlm.nih.gov/34872745
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8713025
https://doi.org/10.1016/j.psj.2021.101612
https://pubmed.ncbi.nlm.nih.gov/34064126
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8224346
https://doi.org/10.3390/ani11061494
https://pubmed.ncbi.nlm.nih.gov/33336284
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7746796
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7746796
https://doi.org/10.1186/s13568-020-01153-w
https://pubmed.ncbi.nlm.nih.gov/35371037
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8972058
https://doi.org/10.3389/fimmu.2022.855426
https://pubmed.ncbi.nlm.nih.gov/34271223
https://pubmed.ncbi.nlm.nih.gov/34271223
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8463866
https://doi.org/10.1016/j.jcmgh.2021.07.005
https://pubmed.ncbi.nlm.nih.gov/18092343
https://pubmed.ncbi.nlm.nih.gov/18092343
http://www.ncbi.nlm.nih.gov/pmc/articles/https:/doi.org/10.1002/ibd.20346
https://pubmed.ncbi.nlm.nih.gov/12404228
https://doi.org/10.1053/gast.2002.1231527
https://pubmed.ncbi.nlm.nih.gov/12393933
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2039999
https://doi.org/10.1007/BF03402016
https://doi.org/10.7554/eLife.106252

4

E‘ r Hajiabadi et al.
Liver Physiology. 2008;294(1):G139-G47. [PMID: 17991705]
[DoN
14. Hajiabadi S MNM, Al-jorani JK, Onagh B, Asghari

Baghkhirati A, Elahi M, Jamshidi A, Razmyar J, Sekhavati MH. .
Improvement of growth performance, microbial balance, and
gastrointestinal health in broiler chickens through supplementation
with CytoGard. Iranian Journal of Animal Science Research. 2025
(In press).

15. Al-jorani JK RJ, Haghparst A, Hajiabadi S, Sekhavati
MH. . Production of Recombinant Chicken IL-10 in Bacillus
Subtilis: Assessment of in vitro Biological Activity and
Immunoregulatory  Properties. Biotechnology and Applied
Biochemistry. 2025 (In press).

16. Muszynski S, Tomaszewska E, Dobrowolski P,
Kwiecien M, Wiacek D, Swietlicka I, et al. Analysis of bone
osteometry, mineralization, mechanical and histomorphometrical
properties of tibiotarsus in broiler chickens demonstrates a
influence of dietary chickpea seeds (Cicer arietinum L.) inclusion
as a primary protein source. PLoS One. 2018;13(12):0208921.
[PMID: 30533027] [PMCID: PMC6289425] [DOI]

17. Rashid S, Alsayegh AF, Akhtar T, Abbas RZ, Ashraf R.
Probiotics: alternative to antibiotics in poultry production. 2023.
18. Wickramasuriya SS, Ault J, Ritchie S, Gay CG, Lillehoj

HS. Alternatives to antibiotic growth promoters for poultry: a
bibliometric analysis of the research journals. Poultry Science.
2024;103(9):103987. [PMID: 39003792] [PMCID:
PMC11284432] [DOI]

19. Idowu PA, Mpofu TJ, Magoro AM, Modiba MC,
Nephawe KA, Mtileni B. Impact of probiotics on chicken gut
microbiota, immunity, behavior, and productive performance—a
systematic review. Frontiers in Animal Science. 2025;6:1562527.

[Don

20. Wigley P, Kaiser P. Avian cytokines in health and
disease. Brazilian Journal of Poultry Science. 2003;5:1-14. [DOI]
21. Kaminsky LW, Al-Sadi R, Ma TY. IL-1B and the

intestinal epithelial tight junction barrier. Frontiers in immunology.
2021;12:767456. [PMID: 34759934] [PMCID: PMC8574155]
[DOI]

22. Abbas W, Bi R, Hussain MD, Tajdar A, Guo F, Guo Y,
et al. Antibiotic cocktail effects on intestinal microbial community,
barrier function, and immune function in early broiler chickens.
Antibiotics.  2024;13(5):413. [PMID: 38786141] [PMCID:
PMC11117290] [DOI]

23. Tang Y, Zhang X, Wang Y, Guo Y, Zhu P, Li G, et al.
Dietary ellagic acid ameliorated Clostridium perfringens-induced
subclinical necrotic enteritis in broilers via regulating inflammation
and cecal microbiota. Journal of animal science and biotechnology.
2022;13(1):47. [PMID: 35436978] [PMCID: PMC9016943] [DOI]
24, Arendt M, Elissa J, Schmidt N, Michael E, Potter N,
Cook M, et al. Investigating the role of interleukin 10 on Eimeria
intestinal pathogenesis in broiler chickens. Veterinary immunology
and immunopathology. 2019;218:109934. [PMID: 31520870]
[PMCID: PMC6861699] [DOI]

25. Kogut MH, Arsenault RJ. Gut health: The new paradigm
in food animal production. 2016;3:71. [DOI]
26. Proszkowiec-Weglarz M, Schreier LL, Kahl S, Miska

KB, Russell B, Elsasser TH. Effect of delayed feeding post-hatch
on expression of tight junction—and gut barrier—related genes in the
small intestine of broiler chickens during neonatal development.
Poultry  Science. 2020;99(10):4714-29. [PMID: 32988506]
[PMCID: PMC7598124] [DOI]

27. Gharib-Naseri K, Kheravii S, Keergin C, Swick RA,
Choct M, Wu S-B. Differential expression of intestinal genes in
necrotic enteritis challenged broiler chickens with 2 different
Clostridium perfringens strains. Poultry Science.

7
G
K SANA®
AVIAN HOSFITAL

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2026, VOL. 4, NO. 1, 1-9

2021;100(3):100886. [PMID: 33516477] [PMCID: PMC7936145]
[DO1

28. Couper KN, Blount DG, Riley EM. IL-10: the master
regulator of immunity to infection. The Journal of Immunology.
2008;180(9):5771-7. [PMID: 18424693] [DOI]

29. Smirnov A, Perez R, Amit-Romach E, Sklan D, Uni Z.
Mucin dynamics and microbial populations in chicken small
intestine are changed by dietary probiotic and antibiotic growth
promoter  supplementation. The Journal of  Nutrition.
2005;135(2):187-92. [PMID: 15671211] [DOI]

30. Yosi F, Metzler-Zebeli BU. Dietary probiotics modulate
gut barrier and immune-related gene expression and
histomorphology in broiler chickens under non-and pathogen-

challenged conditions: a meta-analysis. Animals.
2023;13(12):1970. [PMID: 37370480] [PMCID: PMC10295439]
[DOI]

31. Feng Y, Huang Y, Wang Y, Wang P, Song H, Wang F.

Antibiotics induced intestinal tight junction barrier dysfunction is
associated with microbiota dysbiosis, activated NLRP3
inflammasome and autophagy. PloS one. 2019;14(6):e0218384.
[PMID: 31211803] [PMCID: PMC6581431] [DOI]

32. Rath N, Huff G, Huff W, Balog J. Factors regulating bone
maturity and strength in poultry. Poultry science. 2000;79(7):1024-
32. [PMID: 10901206] [DOI]


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/17991705
https://doi.org/10.1152/ajpgi.00386.2007
https://pubmed.ncbi.nlm.nih.gov/30533027
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6289425
https://doi.org/10.1371/journal.pone.0208921
https://pubmed.ncbi.nlm.nih.gov/39003792
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11284432
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11284432
https://doi.org/10.1016/j.psj.2024.103987
https://doi.org/10.3389/fanim.2025.1562527
https://doi.org/10.1590/S1516-635X2003000100001
https://pubmed.ncbi.nlm.nih.gov/34759934
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8574155
https://doi.org/10.3389/fimmu.2021.767456
https://pubmed.ncbi.nlm.nih.gov/38786141
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11117290
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11117290
https://doi.org/10.3390/antibiotics13050413
https://pubmed.ncbi.nlm.nih.gov/35436978
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9016943
https://doi.org/10.1186/s40104-022-00724-0
https://pubmed.ncbi.nlm.nih.gov/31520870
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6861699
https://doi.org/10.1016/j.vetimm.2019.109934
https://doi.org/10.3389/fvets.2016.00071
https://pubmed.ncbi.nlm.nih.gov/32988506
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7598124
https://doi.org/10.1016/j.psj.2020.06.023
https://pubmed.ncbi.nlm.nih.gov/33516477
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7936145
https://doi.org/10.1016/j.psj.2020.11.063
https://pubmed.ncbi.nlm.nih.gov/18424693
https://doi.org/10.4049/jimmunol.180.9.5771
https://pubmed.ncbi.nlm.nih.gov/15671211
https://doi.org/10.1093/jn/135.2.187
https://pubmed.ncbi.nlm.nih.gov/37370480
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10295439
https://doi.org/10.3390/ani13121970
https://pubmed.ncbi.nlm.nih.gov/31211803
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6581431
https://doi.org/10.1371/journal.pone.0218384
https://pubmed.ncbi.nlm.nih.gov/10901206
https://doi.org/10.1093/ps/79.7.1024

