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1. Abstract

The global poultry production industry is currently facing significant challenges due to the
complete or gradual removal of in-feed antibiotics. One of the most impactful diseases under
these conditions is necrotic enteritis (NE), which causes considerable economic losses by
compromising intestinal wall permeability and liver health in broiler chickens. The present
study investigates the efficiency of dietary nucleotides and phytobiotics feed supplementation
on broiler intestinal to alleviate (NE and their effects on gut, liver, growth performance, and
immunity parameters. Four groups (Gs) of broiler chickens were allocated as G1; nucleotides
and phytobiotics from day one till the end of the experiment with a dose of 200 g and 250
g/ton feed, respectively and non-challenged with Clostridium perfringens (C. perfringens),
G2; nucleotides and phytobiotics treated as G1 and challenged with C. perfringens, while
respectively G3 and G4 were control non-treated, challenged and non-challenged groups, The
results revealed that C. perfringens challenge in treated chickens had little effects on liver
functions, growth performance, immunity parameters, and gut integrity genes (Occuldin,
JAM, and MUC) which indicated the beneficial effects of continuous feed supplementation
with nucleotides and phytobiotics in broilers.
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2. Introduction mimicking the growth-promoting effects
of antibiotics. These include the use of
probiotics, prebiotics, organic acids, and
exogenous enzymes [2].

Extensive research has been
directed toward identifying alternatives to
antibiotics that can maintain low

mortality and high productivity, while Little is known about dictary
also protecting the environment and nucleotides and their role in performance,
consumer health [1]. Several strategies intestinal - development, ~ inflammation,
have shown varying degrees of success in and nitrogen nutrient utilization in
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stressed birds. Nucleotides are the basic
units that make up nucleic acids DNA and
RNA involved in many biological and
physiological processes, and also act as a
source of cellular energy. They affect the
immune system and involve in small
intestinal development. [7]. The internal
synthesis of nucleotides from amino acid
precursors is not always adequate to
supply requirements during growth and
stress, so the dietary nucleotide
supplementation of broiler chickens may
be important to maintain maximum
growth and performance when birds are
exposed to stress conditions [3].

Liver is a major metabolic organ for
the vital physiological functions,
including biosynthesis, detoxification,
clearance, and host defense. Recently,
liver damage has become a common
disorder with more risk factors such as
exposure to xenobiotics, malnutrition,
and chronic diseases [4]. immune
suppression and environmental stress
combined mainly with toxigenic
Clostridium perfringens challenge may
lead to physical and performance changes
in broiler birds [5]. Clostridium
perfringens is the causative agent of
clinical necrotic enteritis (NE)which is
usually a disease of broilers, but
occasionally in young broiler breeders
and layers kept on litter bedding.
However, the subclinical form of NE
induces focal intestinal mucosal ulcers
and necrosis in liver [6]. Type A o-
toxigenic strains of C. perfringens are the
predominant type which isolated from
chickens have NE [7]. Recently, a new
toxin “net B”, was identified in C.
perfringens type A strains of avian origin.
The importance of net B in avian necrotic
enteritis was demonstrated in an
experimental chicken model; a net B
mutant strain failed to cause the disease,
but virulence was restored when a
functional net B gene was reintroduced
into the mutant [8]. Therefore, the current

study designed to study the effects of
nucleotides and phytobiotics on broiler
chickens that challenged with C.
perfringens on performance, immunity
and enterohepatic integrity.

3. Materials and Methods
3. 1. Ethical Statement

All experimental procedures were
approved by the Animal Care Committee
of Beni-Suef University, Egypt (approval
number: 022-488-2).

3. 2. Experimental Design

The effect of a dietary nucleotides
source, Agaricus bisporus plus yeast
(Nucleoregen®, MN Trade Industrial Inc.,
10" of Ramadan city, Egypt) which
consisted from 30% nucleotides and a
phytobiotics (Phytococc®, MN Trade
Industrial Inc., 10" of Ramadan city,
Egypt) which consisted from herbal
extracts mixed with prebiotics and
probiotics on performance, immunity,
and  gastrointestinal ~ tract  health
parameters was studied. A total 120 one-
day-old male Arbor Acres broiler chicks
with initial weight about 40 g were
randomly allocated and divided equally
into 4 groups, with 3 replicates of 10
birds/ group. Feed and water were
supplied ad libitum. Vaccination program
against avian influenza subtypes H5N1
and HIN2, Newcastle disease, infectious
bronchitis, and infectious bursal disease
viruses was carefully applied. Group 1
(G1) was supplemented with nucleotides
and phytobiotics with a dose of 200 g and
250 g/ton feed, respectively from a day-
old till 35-days-old and non-challenged.
G2 had been treated with nucleotides and
phytobiotics as G1 and challenged orally
using crop gavage with a fresh
preparation of toxigenic C. perfringens
type-A avian isolate (GenBank accession
number of MW925054) on days 18, 19,
20, and 21 of age. The concentration of
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daily inoculum of C. perfringens was 3 x
10® Colony Forming Unit (CFU)/ml/bird
[9,10]. G3 was reared as ‘“control
negative”, non-treated and  non-
challenged, whileG4 “control positive”
was non-treated and challenged. Basal
starter, grower, and finisher diets were
supplied according to recommended
levels of Arbor Acres.

3.3. Growth Parameters

At 15, 28, and 35 days of age, the feed
intake (FI) (g/chick), average body
weights, body weight gain (BWG), and
feed conversion ratio (FCR) were
recorded.

3.4. Gastrointestinal Tract Parameters

The length of intestine, diameter in
the ileum center, and the intestinal lesion
scoring (scale from 0-4) [12were
measured in five birds/group at 35" day
of age. Also, the enteric lactic acid
bacteria was evaluated on De Man—
Rogosa—Sharpe broth and C. perfringens
was detected on tryptose sulfite-
cycloserine agar supplemented by D-
cycloserine and egg yolk emulsion under
anaerobic incubation at 37°C [13].

3.5. Immune Parameters

Serum samples (n=3) from each
chicken group were collected at 15, 25,
and 35 days of age and screened for
determining antibody titers against ND,
AI-H5N1 and AI-H9N2 viruses vaccines
[14] using hemagglutination inhibition
(HI) test and the titre of immunoglobulin
(Ig) A was monitored using chicken IgA
Enzyme Linked Immuno-sorbent Assay
(ELISA) kit (Bethyl Laboratories Inc.,
Montgomery, TX, USA) [15]. On the 35
day old, five birds/group were chosen to
examine the carcass characteristics,
weight of immune organs, intestinal
parameters, intestinal microbiota and
immune response [11].

3.6. Liver Health Parameters

Serum enzymatic activities of
alanine amino transferase (ALT),
aspartate amino transferase (AST),
alkaline phosphatase (AKP), and gamma
glutamyl transferase (y-GT) were
determined in serum samples (n=3)
collected at 15, 25, and 35 days of age
using the corresponding kits (Nanjing
Jiancheng  Bioengineering Institute,
Nanjing, China) [16].

3.7. Gut Genes Expression

Intestinal samples from each group
(n=3) were obtained at 15 and 30 days of
age and examined using real time-PCR
methods to determine changes in some
genes expression (Table 2) in enterocytes.
QuantiTect SybrGreen master mix
(Qiagen, Germany) were utilized. Their
cycling circumstances were carried out at
95°C/5min, 40 cycles of 95°C/10s,
60°C/30s, and 72°C/Imin. RT-qPCR
results were then analyzed using
comparative cycle threshold (CT) [17].

3.8. Statistical Analysis

Statistical analysis was performed
using SPSS version 20 by applying
Analysis of Variance (ANOVA).
Significant differences between groups
were determined using Tukey’s post hoc
test at a significance level of p<0.05. RT-
qPCR data were analysed using
GraphPad Prism version 5.

4. Results

The effects of
Nucleoregen® and Phytococc®
supplementation on  growth  and
performances are recorded in table (3).
The results revealed a potent significant
impact on BWG in G1 and G2, (333 and
329 g/day) at 15-days-old and (995 and
984 g/day) at 25-days and (1848 and 1813

dietary
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g/day) at 35-days-old compared to G3,
while G4 recorded a significant decrease
in BWG (303, 806, and 1214 g/d) at 15,
25, and 35 days, of age respectively
(»p<0.05). on the other hand, FI and FCR
recorded 2056 and 2106 g, and 1.24 and
1.36 at 35-days-old in Gl and G2,
respectively compared to G3 and G4
(»p<0.05) although G2 was challenged
with C. perfringens. Table (1) shows the
positive impact of Nucleoregen® and
Phytococc® on the carcass quality as the
dressing% was 82% in G1, 77% and 70%
in G2 and G3, respectively compared to a
significant loss of the carcass quality in
G4 (58%).

The results of liver enzymes in
(Table 4) revealed that chickens of both
Gl and G2 had normal liver enzymes
with a significant increase of ALT, AST,
AKP, and y-GT at 35-days-old (1.69,
22.07, 525.67, and 26.97, respectively)
after challenge in comparison with high
level of these enzymes at G3 (1.7, 27.4,
569 and 31.6) and G4 (1.76, 34.2, 753.3
and 36.13) at 35 days old.

Humoral and mucosal immune
responses after vaccination against ND,
AI-H5N1 and AI-HIN2 viruses’ vaccines
showed a significant higher HI titer in G1
and G2 compared to G3 and G4
especially at 25- and 35-days-old ending
with 7 and 6-6.3 Logy HI titers for ND,
AI-H5N1 and AI-H9N2 at 35-days-old.
IgA titers of mucosal immunity
determined by ELISA in figure (1).
which revealed high titer in G2 (277
pg/ml) at 35 days of age while G1 from
(254.6 pg/ml) at the same age compared
to significant lower titers in the other 2
groups (124.3 pg/ml) at the same age as
indicated The gut integrity genes,
(Occuldin, MUC2, and JAM) in figure (2)
explains the impact of dietary nucleotides
and phytobiotics supplements on at 35-
days-old, the y-CT of all 3 genes arranged
as 24.6, 26, and 20 for G1; 27,24 and 22.6

in G2 in comparison with 28.3, 26 and
28.3 in G3 and 29.6, 28.3 and 35 in G4,
respectively which indicated the low gene
expression in G2 compared to G1.The gut
microflora modulation was reported in
Figure (3). Lactobacillus counts were 3.4
and 2.6 logio and 5.3 and 5.9 logio in G1
and G2 at 15 and 35-days-old,
respectively  without aa significant
difference. This significant increase of
Lactobacillus counts in both G1 and G2
was met with a significant decrease in C.
perfringens counts. However, G3 and G4
showed a significant decrease in
Lactobacillus and increase in C.
perfringens counts with increasing the
age of chickens.

5. Discussion

The intestinal wall comprises four
distinct layers; the mucosa, submucosa,
muscularis, and serosa, forming a highly
protective structure. The term "intestinal
barrier" refers specifically to the wall's
protective  role, while "intestinal
permeability" describes a quantifiable
trait that reflects how well this barrier is
functioning [18]. Maintaining gut health
is essential for achieving efficient and
economically viable growth in poultry,
particularly within high-intensity broiler
farming systems. The gastrointestinal
tract plays a central role in metabolic
regulation by controlling the absorption
and utilization of nutrients. However,
intestinal health can be compromised by
various factors, including pathogens,
environmental stress, and suboptimal
management practices. These challenges
can hinder nutrient absorption and
ultimately reduce the productivity of the
birds.

Nucleotides and  phytobiotics
contribute to the development and
maturation of the gastrointestinal tract
which is the primary site for nutrient
absorption and  digestion.  Their
stimulatory effects on gut growth have
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been associated with improvements in
overall growth performance [19]. Our
results indicated a potent significant
impact on BWG, FI and FCR in G1 and
G2 at 15, 25, and 35 —days-old compared
to G3 and G4 (p<0.05) although G2 was
challenged with C. perfringens. These
results were agreed with Madrigal et al.
[20] who reported that the yeast
components significantly improved feed
utilization and BWG in broiler chickens.

Necrotic enteritis, caused by C.
perfringens, is recognized as one of the
most economically diseases affecting the
broiler industry [21,22]. It leads to
substantial financial losses by impairing
growth performance and increasing
mortality rates in poultry [23]. Therefore,
nutritionists are  exploring natural
alternatives  to  antibiotic = growth
promoters to mitigate productivity losses
and support intestinal health. Among
these strategies is applying bioactive
compounds, such as dietary nucleotides
in chicks [24]. The observed reduction in
C. perfringens infection in the treated and
challenged chickens was attributed to the
beneficial  effects of  nucleotide
supplementation on  gut  health
parameters, such as increased villus
height, villus-to-crypt (V/C) ratio,
mucosal thickness, and goblet cell count.
Notably, an increase in goblet cells
specialized secretory epithelial cells
located in the intestine—supports mucus
production, forming a gel-like protective
layer over the epithelial surface, and
contributing to defense against bacterial
invasion. Furthermore, nucleotides may
promote the growth of beneficial gut
microbiota, such as Lactobacillus and
Bifidobacterium species, while reducing
populations of harmful enterobacteria
[25,26,27]. As structural units of nucleic
acids and proteins, nucleotides are low
molecular weight compounds considered
"semi-essential nutrients" [28]. They are
essential for cellular replication and

support key physiological functions in
poultry [29]. Therefore, they play a
critical role in protein synthesis, cell
mitosis, lipid metabolism, hematopoiesis,
immunity [27], and gut health [25,26]. In
the present study the gut microflora
showed  significant  increase  of
Lactobacillus counts in both G1 and G2,
along with a significant decrease in C.
perfringens counts compared to a
significant decrease in Lactobacillus
counts and a significant increase in C.
perfringens counts with increasing age of
chickens in G3 and G4.

The positive impact of nucleotides
and phytobiotics on the carcass quality
was recorded in table (1) as the dressing
% in G1 was 82%, while in G2 was 77%
and 70% in G3 compared to the
significant loss of the carcass quality in
G4 (dressing% of 58). Additionally,
nucleotides act as the main component in
cell metabolism which are essential for
maintenance and repair of muscle and
hepatic tissue [30].

Additionally, nucleotides may
stimulate the intestinal immune system,
leading to increased production of IgA in
chickens [31]. IgA plays a crucial role in
mucosal immunity by binding to antigens
and preventing them from penetrating the
mucosal barrier, thereby reducing the risk
of infection and tissue damage [32].
However, in the present investigation
there were significant differences in IgA
titers of mucosal immunity with higher
titers in chickens of G2 (277 pg/ml) than
Gl (254.6 pg/ml) at 35 days old
compared to significant lower titers in the
other 2 groups (124.3 pg/ml) at the same
age. Also, the humoral immune responses
to ND, AI-H5N1 and AI-H9N2 viruses’
vaccines recorded significant higher HI
titers in G1 and G2 compared to G3 and
G4 especially at 25- and 35-days-old
ending with 7 and 6-6.3 Log> HI titers for
ND, AI-H5N1 and AI-H9N2 at 35-days-
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old. This indicates the immuno-
stimulatory effects of both nucleotides
and phytobiotics which is a favorable
advantage over antibiotics in the control
of NE.

Furthermore, the reduced intestinal
lesion scores of chickens supplemented
with dietary mixtures suggested a
significant mitigation of the adverse C.
perfringens  adverse effects. This
improvement maybe attributed to
enhanced intestinal barrier function—
specifically through the upregulation of
key markers such as Occludin, JAM, and
MUC2 which collectively contributed to
better growth performance in challenged
birds. The proposed mechanism
underlying this effect involves the role of
nucleotides in gene regulation. As the
fundamental building blocks of genetic
material, nucleotides support gene
expression, RNA transcription, and
mRNA synthesis, thereby facilitating
protein production and cellular structure
formation [33]. MUC2, a critical
component of the mucus layer, serves
both  protective and regenerative
functions in the intestinal tract [34], and
is widely recognized as an indicator of gut
health in poultry and other animals [35].
Occludin and JAM are specialized
proteins that comprise the tight junctions
structural barriers that regulate intestinal
permeability and restrict the passage of
macromolecules [36,37]. Disruption of
these tight junctions can result in
increased permeability to luminal
antigens and  facilitate  bacterial
translocation [38]. Although data on tight
junction protein expression in C.
perfringens-infected poultry is limited,
Liu et al. [39] reported reduced
expression of the Occludin gene in the
small intestines of infected birds.

Dietary nucleotides have also been
shown to support the growth and
differentiation of the gastrointestinal tract

2. Yadav, S.

[40], likely by enhancing the function of
intestinal epithelial cells [41].
Additionally, emerging evidence
suggests that nucleotide supplementation
may boost innate immune responses and
increase host resistance against toxin-
induced damage in chickens [42].

The effect of nucleotides and
Phytobiotics ~ supplements on liver
function showed that chickens of both G1
and G2 had normal liver enzymes with a
significant increase in ALT, AST, AKP,
and y-GT at 35 days old after challenge in
comparison with high level of these
enzymes at G3 and G4 at 35 days old due
to liver cells destruction.

6. Conclusions

The Dietary supplementation of
broiler chickens with Nucleoregen® and
Phytococc® at 0.2%, and 0.25%,
respectively noticeably attenuated the
negative effects of C. perfringens
challenge in terms of improving the
growth performance, intestinal health,
liver integrity, and immune functions
with a significant reduction in C.
perfringens counts and intestinal lesion
score, which indicated the beneficial
effects of continuous feed
supplementation with nucleotides and
phytobiotics in broilers.
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Table (1): Experiment dietary protocol

Challenged with net B toxin C.
Group number Dose/Treatment Age of treatment/day perfringens local isolates
registered at GenBank MW925054
1 200g 1-35 old Nil
Nucleoregen®

2 250 g Phytococc® 1-35old Yes

3 Control negative - Nil

4 Control positive - Yes

Table 2: RT-PCR primers used in the study
Gene Primer Function
F: AAACAACGGCCATGTTTCAT
MUC Mucin production
R: GTGTGACACTGGTGTGCTGA
F-ACGGCAAAGCCAACATCTAC
TGO Tight junction occluding
R-ATCCGCCACGTTCTTCAC
F-AGACAGGAACAGGCAGTGCT
JAM-2 Junction adhesion molecules
TCCAATCCCATTTGA GGCTA
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Table 3: Impact of dietary Nucleoregen® and Phytococc® supplementation on performance

Experimental groups

Items p-value
1 2 3 4

BWG, g/day

d15 33342.89° 329.33+4.33° 301.67+6.89° 303+3.61° 0.001

d2s 995+2.89° 984427 808£10° 806.67+5.61° 0.001

d 35 1848.33+7.27° 1813.33+9.28° 1306.33+13.42° | 1214.33£11.26° | 0.001

FI, g/day

d15 350+2.89° 348.33+4.41° 346.67+4.41° 353.67+1.86° 0.574

d 25 1154+4° 1157.67+1.45° 1164.33+3.48° 957.33+3.18"° 0.001

d 35 2056+4.64° 2106.67+9.82° 2185.33+3.71* | 1770.67+8.79° 0.001

FCR

d1s 1.05+0.01° 1.06+0.01° 1.15+0.02° 1.17+0.01 0.001

d2s 1.16£0.01° 1.18+0.01° 1.44+0.02° 1.19+0.05° 0.001

d 35 1.2440.01° 1.36+0.01° 1.67£0.02° 1.46+0.05° 0.001

Dressing% 82+0.58* 77+£1° 70+1.16° 58.67+1.764 0.001

Means with different superscripts within the same row are significantly different (p < 0.05). IBW, initial body
weight; FBW, final body weight; BWG, body weight gain; FI, feed intake; FCR, feed conversion ratio.
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Table 4: Impact of dietary Nucleoregen® and Phytococc® supplementation on liver functions

Experimental groups
Items p-value
G1 G2 G 30 G4
ALT
d15 1.54+0.03° 1.58+0.01 % 1.65+0.02° 1.62+0.03® 0.047
d2s 1.59+0.03 1.65+0.01" 1.69+0.02 1.75+0.01° 0.001
d3s 1.7+0.01° 1.69+0.02° 1.70£0.03° 1.76+0.01° 0.08
AST
d1s 14.47+0.89* 20.4+0.1° 25.33+0.69° 27.2+0.85 0.067
d25 21.3+0.06° 21.6+0.06° 26.37+0.28° 31.8+0.22° 0.001
d3s 21.37+0.09° 22.07+0.82° 27.4+0.51° 34.2+0.79° 0.001
AKP
d1s 436.33+8.45° 447.33+7.22° 459+7.09* 460.67+4.37° 0.119
d2s 459.67+4.17¢ 507.6749.94°¢ 550.67+8.69° 655.13+13° 0.001
d3s 477.67+5.21¢ 525.67+3.18° 569+6.08° 753.33+5.3° 0.001
GT
d15 24.47+0.15° 24.53+0.12° 26.240.25° 25.8340.32° 0.001
d2s 25.33+0.09 ¢ 26.5+0.47°¢ 28.23+0.22° 35.63+0.09° 0.001
d3s 26.13+0.18° 26.97+0.27° 31.63+0.67° 36.13+0.23" 0.001

Means with different superscripts within the same row are significantly different (p < 0.05).
ALT: alanine amino transferase, AST: aspartate amino transferase, AKP: alkaline phosphatase, y-GT:

gamma glutamyl transferase
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Fig (3): Impact of dietary Nucleoregen® and Phytococc® supplementation on gut microflora.
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