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A B S T R A C T

The current study aimed to evaluate the efficiency of dietary nucleotides-supplementation on broiler chickens to
alleviate the intestinal Clostridium perfringens (C. perfringens) levels and its adverse effect on gut and growth
performance parameters. In this study, a total of 270 one-day-old mixed broiler chicks (Cobb 500) were ran-
domly divided into six treatment groups with three replicates of 15 chicks/ replicate. Treatment 1 (CX), a
negative control group was fed corn-soybean basal diet without added nucleotides. Treatment 2 (CN 0.05) and
treatment 3 (CN 0.1), consisted of chicks were fed the basal diet with the addition of nucleotides on top at two
levels (0.05 and 0.1%) respectively. Treatment 4 (PX), treatment 5 (PN 0.05), and treatment 6 (PN 0.1) consisted
of chicks that were challenged with C. perfringens inoculum (~4 × 108 CFU/ml) on day 14, 15, 16 and 17of the
experiment and were fed diets similar to treatments 1, 2, and 3 respectively. The trial continued for 35 days. At
the end of the experiment, the intestinal C. perfringens counts, microscopic lesion scores, intestinal histomor-
phology, intestinal barriers (occludin and mucin mRNA expression) and growth parameters were determined.
The results showed that the pathogen challenge significantly (P˂0.05) increased both C. perfringens levels and
intestinal lesion scores. Which adversely affects intestinal barriers and intestinal histomorphology resulting in a
significant decrease (P˂0.05) in body weight gain (BWG) with an increase in feed conversion ratio (FCR).
Whereas, nucleotides-supplementation, at 0.1%, significantly decreased both C. perfringens levels and intestinal
lesion scores, and significantly improved intestinal barriers and intestinal histomorphology which consequently
resulted in improved growth performance parameters to be nearly the same as that of the control un-supple-
mented group. In conclusion, nucleotides markedly ameliorated the negative effects of C. perfringens challenge
by improving the intestinal barrier function and intestinal histomorphology which positively reflected on the
growth performance of challenged birds.

1. Introduction

Undoubtedly, gut health has been considered as a crucial factor to
achieve a high and cost-effective growth rate, particularly with the
massive use of an intensive broiler production system (high stocking
density). Gastrointestinal tract (GIT), particularly the small intestine, is
the key organ that governs the basic metabolism through regulation of
nutrient absorption and metabolism. Several factors could negatively
affect intestinal health status such as infectious agents, environmental
and management conditions, which consequently impairs nutrient up-
take and absorption, and alters bird productive performance para-
meters (Yegani & Korver, 2008).

The bacterial infection is the most critical factor that impairs both
poultry immune and productive status. So, antibiotic growth promoters

(AGPs) were added to the poultry diet in sub-therapeutic doses to im-
prove intestinal health and reduce bacterial infections. However, there
is an increase in public concerns with regards to drug residue in poultry
products and the emergence of antibiotic – bacterial resistance. So, the
inclusion of AGPs in the animal diet has been banned in many coun-
tries. On the other hand, as a result of using an AGP-free diet, the birds
became more susceptible to enteric diseases, particularly necrotic en-
teritis (NE), which is caused by C. perfringens type-A
(McDevitt, Brooker, Acamovic & Sparks, 2006). NE is considered as the
most cost-effective disease that confronts the broiler industry (Young &
Craig, 2001). NE results in a great economic loss in terms of reducing
bird growth performance parameters and increase mortality percentage
(Beltran-Alcrudo, Cardona, McLellan, Reimers & Charlton, 2008),
which consequently increase demands to find alternatives to antibiotics
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(Swiatkiewicz, Arczewska-Wlosek & Jozefiak, 2014).
So that, the nutritionists are trying to develop several natural al-

ternatives to AGPs to prevent performance losses in poultry production.
The nutritional strategy argues intestinal health directly or indirectly.
One of these natural alternatives is supplementing the young animal
diet with bioactive substances such as nucleotides (Sauer, Bauer &
Mosenthin, 2009).

Nucleotides are the building block of protein and nucleic acids of
low relative molecular mass and regarded as "semi-essential nutrients"
(Carver, 2007; Yu, 1998). They are needed for the multiplication of all
living cells (Cosgrove, 1998) and physiological activities of animals
(Superchi et al., 2012). Also, they are crucial for the body as a cellular
energy source (ATP) (Carver & Walker, 1995). Besides, nucleotides act
as a fundamental component in carbohydrate, protein, fat and nucleic
acid metabolism (Carver & Walker, 1995; Cosgrove, 1998). Therefore,
they play a critical role in Protein synthesis (Yamauchi et al., 1998),
Cell mitosis (Carver & Walker, 1995), Lipid metabolism
(Gil, Corral, Martinez & Molina, 1986), hematopoiesis
(Yamamoto, Wang, Adjei & Ameho, 1997), immunity (Hung, 2015) and
gut health (Martinez-Puig et al., 2007; Sauer et al., 2012a).

The nucleotides are naturally present in feed ingredients of the diet
with a high amount (such as animal protein-soluble, fish meal and fish
by-product, legumes, yeast extracts) (Deveresse, 2000;
Ingledew, 1999). Whereas, they exist in low levels in Soybean meal and
corn, oil, oilseeds (Deveresse, 2000).

In the past, nucleotides were not believed to be an essential nutrient
in animals and humans’ diets. It was thought that animals were able to
produce sufficient nucleotides that meet their physiological needs via a
de-novo synthesis or a salvage pathway (Hoffmann, 2007).

However, LeLeiko, Bronstein, Baliga and Munro (1983) stated that
de-novo synthesis could not provide enough nucleotides under certain
circumstances, as in the case of rapid enterocyte turnover induced by
rapid growth, reproduction and environmental stressors. Therefore,
nucleotides are often added to animals’ diets in the form of pure sub-
stance or yeast extracts (Alizadeh et al., 2016; Sauer et al., 2012a).

This study was carried out to evaluate the impact of exogenous
dietary supplementation of nucleotides (0.05 and 0.1% of diet) on
broiler performance, gut health parameters (Histopathology, total
colony count of C. perfringens type-A and gene expression for mucin and
occludin genes).

2. Materials and methods

All procedures and protocols follow the rules of the Cairo University
Institute of Animal Care and Use Committee (CU- IACUC), Veterinary
Medical and Agricultural Sciences Sector under the number of CU/II/F/
29/18.

2.1. Nucleotide characteristics

Nucleoforce PoultryⓇ (Bioibérica, S.A., Spain) is a balanced con-
centrate of free nucleotides and active precursors obtained from dried
yeasts (saccharomyces cerevisiae). Nutrient compositions of Nucleoforce
poultryⓇ (NP) are shown in Table 1a.

2.2. Experimental design

The trial was conducted at Animal Health Research Institute – Egypt
– Doki, Reference Laboratory for Veterinary Quality Control on Poultry
Production.

A total of 270 one-day-old mixed broiler chicks (Cobb 500) were
obtained from Pyramids poultry Company, Egypt. Chicks with mean
body weight (BW) of 40.23± 0.09 g randomly divided into six treat-
ment groups with three replicates of 15 chicks/ replicate. Birds were
housed in an open house system on wood shavings with a fixed lighting
program (23 h on — 1 h off) during the entire experimental period (5
weeks). Clean drinking water was regularly available for birds.
Standard hygienic conditions and prophylactic vaccination program
against viral diseases were applied for all groups.

A 3 × 2 factorial arrangement of treatments was applied in this
trial. Three dietary treatments consisted of treatment 1 (CX), a negative
control group which was fed the basal diet with no NP added. Two
positive control groups, treatment 2 (CN 0.05) and treatment 3 (CN
0.1), were fed the basal diet with the addition of exogenous dietary
nucleotides (NP) on top, at two levels (0.05 and 0.1%) of the diet, re-
spectively. The other three treatments, Treatment 4 (PX), treatment 5
(PN 0.05) and treatment 6 (PN 0.1), consisted of chicks that were
challenged with ~4 × 108 CFU/ml/bird of C. Perfringens type-A in
phosphate-buffered saline (PBS) for four successive days (day 14, 15, 16
and 17) during the experiment (Timbermont et al., 2009). Diets fed to
chicks in (PX, PN 0.05, and PN 0.1) were the same as diets fed to chicks
in (CX, CN 0.05, and CN 0.1) treatments, respectively. Experimental
diets were formulated to fulfill the recommendations of Cobb 500
(Cobb, 2018) breed nutrition specifications and were offered to the
birds for starter (0–14 days), grower (15–28 days) and finisher (29–35
days) periods. Calculation and chemical analysis of various diets were
performed according to AOAC International (2000). Diet composition
and chemical analysis are shown in Table 1b.

2.3. Challenge model and preparation of C. perfringens inoculum

The challenge model applied in this trial was a coccidia-free model
destined as a modification of the models described by
McReynolds et al. (2004). On day 14 of the trial, the experimental birds
were vaccinated against infectious bursal disease (IBD) with the 228-E
vaccine to boost the immune-suppressive impact. That increased the
incidence of necrotic enteritis (NE) (McReynolds et al., 2004).

The inoculum of C. perferingens type-A was prepared, according to
Du et al. (2016), from an isolated field strain for cases of chicken suf-
fered from NE and did not carry the NetB gene as determined by
polymerase chain reaction (PCR). The organism was cultured in anae-
robic condition on tryptose-sulphite-cycloserine for 18 h at 37 °C. Then,
inoculated aseptically into cooked meat media and incubated anaero-
bically overnight at 37 °C.

On day 14, 15, 16, and 17 of the experiment, chicks of groups (PX,
PN 0.05, and PN 0.1) were challenged with a fresh preparation of C.
perfringens type-A (Timbermont et al., 2009). Birds of challenged groups
were individually infected by utilizing a crop gavage, a round-tipped
animal feeding needle (15-gage, 78 mm; Solomon Scientific, Plymouth
Meeting, PA) attached to a repeating syringe (Popper & Sons Inc., New
Hyde Park, NY), to deliver 3 ml of the inoculum into the crop of every
chick according to Thanissery et al. (2010). The Concentration of C.
perfringens within the inoculum for every day was 4 × 108 CFU/ml/bird
with freshly prepared sterile phosphate-buffered saline (PBS). At the
same time, birds of unchallenged groups (CX, CN 0.05, and CN 0.1)
obtained a similar volume of meat medium.

2.4. Sampling for intestinal contents, tissue samples, and lesion score

At the end of the experiment (day 35), three chicks from each re-
plicate were slaughtered and sacrificed. The small intestine was

Table 1a
Nutrient compositions of Nucleoforce poultry (NP) (Bioibérica, S.A., Spain).

Item Chemical analysis (as fed basis)

Crude protein 20.34%
Protein nitrogen 3.25%
Non-protein nitrogen (from nucleotides) 12.09%
Crude ash 3.38%
Crude fiber 0.10%
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aseptically-excised and sectioned into three segments. The First seg-
ment is the duodenum (from gizzard till the entry of bile and pancreatic
ducts). The second part is jejunum (from the entry of the ducts till
Meckel's diverticulum). The third section is ileum (from Meckel's di-
verticulum till the ileocecal junction). Then according to
Thanissery et al. (2010), approximately 7.5 cm length of both upper
ileum (anterior to yolk stalk) and lower ileum (anterior to the ileocecal
valve) were removed and kept on ice for subsequent enumeration of C.
perfringens. Next, according to Liu, Guo and Guo (2012), duodenal
samples (~3 cm) were collected, preserved in 2 ml screw-capped tubes,
and frozen in liquid nitrogen for mRNA determination. Last, according
to Thanissery et al. (2010), the duodenum was excised, washed twice
with phosphate-buffered saline (PBS) and fixed in 10% neutral buffered
formalin solution for morphologic examination and microscopic lesion
scores.

2.5. Determination of intestinal C. perfringens concentration

Total colony count of ileal C. perfingens type-A was done according
to Thanissery et al. (2010). Approximately 5 g of every ileum sample

was weighed, conveyed to 10 ml of anaerobic FTG broth, and stom-
ached for 30 s (Stomacher 400 Circulator, Seward Ltd., London, UK).
The stomached digesta (1 ml) was directly transferred to 9 ml of
anaerobic FTG broth and subjected to 10-fold serial dilution. The di-
lutions were then plated on TSC agar and incubated anaerobically at
37 °C for twenty-four h. Then the distinguished black colonies’ number
was counted. The concentration of C. perfringens was finally expressed
as log10 colony forming units (cfu) per gram of intestinal content.

2.6. Microscopic lesion score of C.perfringens

Microscopically intestinal lesion scoring was performed according
to Gholamiandehkordi et al. (2007). Moreover, the further quantifica-
tion of necrotic enteritis histological observations was carried out using
a scoring system described in Table 3.

2.7. RNA isolation and quantitative real-time polymerase chain reaction for
occludin and mucin mRNA expression

RNA extraction from the duodenal mucosa sample was applied
using the RNeasy Mini 234 Kit when 30 mg of the tissue sample was
added to 600 µl of RLT buffer containing 10 μl of β-mercaptoethanol
per 1 ml. Samples homogenization were performed through placing
tubes into the adaptor sets, which are fixed into the clamps of the tissue
Lyser. Disruption performed in 2 min with a high-speed (30 Hz) shaking
step. One volume of 70% ethanol was added to the cleared lysate, and
the steps were completed according to RNeasy Mini 234 Kit instructions
(Catalogue no. 74,104). On column DNase, digestion was done to get
rid of residual DNA. The oligonucleotide primer utilized in the study
were listed in Table (4a).

The PCR master mix was prepared with a total of 25 μl. Like the
following, 2x QuantiTect SYBR Green PCR Master Mix (12.5 μl), reverse
transcriptase 0.25 μl, Forward primer (20 pmol) (0.5 μl), reverse primer
(20 pmol) (0.5 μl), RNase Free Water 8.25 μl and template RNA 3 μl.
The cycle condition was mentioned in the Table (4b).

Table 1b
Diet composition and chemical analysis.

Item Starter 0 - 14 d Grower 15–28 d Finisher 29–35 d

Ingredient (g/100 g)
Yellow corn 57.59 61.69 63.80
SBM 46% 30.10 27.80 25.10
Corn Gluten meal 6.00 3.20 3.00
Meth. 0.30 0.25 0.22
Lys. 0.45 0.30 0.15
Thr. 0.06 0.06 0.03
Oil 1.20 2.80 3.90
MCP 1.70 1.50 1.40
*Broiler premix 0.30 0.30 0.30
Choline chloride 0.05 0.05 0.05
Lime stone 1.80 1.60 1.55
Sod. Chloride 0.30 0.30 0.35
Sod. Bicarbonate 0.15 0.15 0.15
Total 100 100 100
Calculated analysis (%)
ME, kcal/kg 3008 3086 3167
CP 22.00 19.80 18.60
EE 2.60 2.71 2.78
CF 3.03 2.95 2.81
Lysine 1.32 1.21 1.09
Methionine 0.50 0.48 0.45
Ca. 1.00 0.95 0.88
AP 0.45 0.42 0.40
Chemical analysis (%) (as fed basis)
CP 22.03 19.92 18.74
CF 3.06 3.01 2.97
Ca 1.02 0.97 0.90
Total P 0.47 0.43 0.41

*broiler premix: vitamin A 16.000 IU, vitamin D3 1.600 IU, vitamin E 20 mg,
vitamin K3 6 mg, vitamin B1 4 mg, vitamin B2 7 mg, niacin 26 mg, vitamin B6
6 mg, vitamin B12 0.05 mg, folic acid 2 mg, D-biotin 0.06 mg., Ca-D pan-
tothenate 13 mg, carophyll-yellow 26 mg, and cholinechloride410 mg.**Trace
mineral premix (per kg of diet): Mn 85 mg, Fe 65 mg, Zn 65 mg, Cu 6 mg, Co
0.3 mg, I 2 mg, and Se 0.16 mg.

Table 2
Experimental design.

Treatments Diet NP% of diet C. perfringens type-A challenge

T1 (CX) Basal diet 0.00 –
T2 (CN 0.05) Basal diet 0.05 –
T3 (CN 0.1) Basal diet 0.10 –
T4 (PX) Basal diet 0.00 +
T5 (PN 0.05) Basal diet 0.05 +
T6 (PN 0.1) Basal diet 0.10 +

Table 3
Microscopic lesion scoring system.

Microscopic lesions in gut section Score

Villus fusion
Occasional fusion of two villi in a section 1
Occasional fusion of more than two villi or several fusions of two 2
Multiple areas where more than two villi were fused 3
Large clusters of fused villi throughout 4
Dilation of capillaries
A few mildly dilated 1
Mildly dilated throughout 2
Moderately dilated throughout 3
Severely dilated throughout 4
Capillary hemorrhage
A few red blood cells outside capillaries in some villi 1
A few red blood cells outside capillaries in most villi 2
Many red blood cells outside capillaries in parts of section 3
Severe haemorrhages throughout 4
Epithelial cell defects
Flattening of epithelial cells in a few villus tips 1
Defect or micro-erosion at tips of a few villi 2
Defect or micro-erosion at tips of multiple villi 3
Severe erosions, large epithelial cell defects 4
Red blood cells gut lumen
A few 1
Some aggregates 2
Multiple aggregates 3
Whole lumen filled with aggregates 4
Proteinaceous material gut lumen
Some spots of material 1
Multiple spots of material 2
Very large clumps of material 3
Lumen full of material 4
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The reaction was carried out in a Stratagene MX3005P real-time
PCR machine. The Stratagene MX3005P software was used for de-
termining the amplification curves and Ct values. For estimation of the
variation in gene expression with the RNA from the different samples,
The CT of every sample was compared with that of the control group
according to the "ΔΔCt” method explained by Yuan, Reed, Chen and
Stewart (2006).

2.8. Intestinal histomorphology and goblet cell histochemistry

The fixed duodenal samples were embedded in paraffin blocks.
Consequently, sections of 4 µm thickness were stained with the hae-
matoxylin-eosin method. The histomorphometric analysis assessed in a
total of 30 low microscopic fields (4X) per group (five fields for every
bird). The analyzed morphometric variables comprised: villus length
(from the tip of the villus till muscularis mucosa), villus height (from
the tip of the villus till the villus-crypt junction) with using the lamina
propria as the base, villus width at half height, crypt depth as the depth
of the integration between adjacent villi, and the muscularis thickness
(the external muscle layer) and muscularis mucosa. Villus area was
estimated from the villus height and width at half height. Values are the
means from 24 different villi with measuring only vertically oriented
villi and crypts (Uni, 1999). Then the villus height/crypt depth ratio
was calculated.

Mucin-type identification was performed according to
Liu et al. (2012) using differential staining techniques for goblet cell
count. Duodenal Sections were stained with the periodic acid Schiff
reaction for neutral mucin, with Alcian blue 8 GX at pH 2.5 for acid
mucin, and with high iron diamine reaction without prior oxidation for
sulfomucin (with a small modification: 40% rather than 10% FeCl3).
Goblet cells containing mucin were counted along the villi with mea-
suring the associated villus surface area in 10 full-length villi. The
density of goblet cells was counted as the number of goblet cells per
unit surface area (mm2). All examinations and measurements were
carried out using an Olympus optical microscope and Prog Res® Cap-
turePro software (version 2.7; Jenoptik, Jena, Germany).

2.9. Performance parameters

Birds of various experimental groups were weighed individually at
the start of the trial. Bodyweight (BW) and feed intake (FI) were

recorded weekly on a pen basis for the calculation of body weight gain
(BWG) and feed conversion ratio (FCR) during the whole experimental
period. Mortality was recorded daily.

2.10. Statistical analysis

Statistical analysis was performed using the GLM procedure of the
SAS Institute (2004). The differences between the treatment means
were analyzed using Tukey's HSD test with a significance level of 5%
(Tukey, 1991).

3. Results

3.1. Intestinal C. perfringens type-A concentration and lesion scores

The results of bacterial enumeration and lesion scores are illustrated
in table 5. Overall, both C. perfringens counts and intestinal lesion scores
were significantly affected by both pathogen challenge and NP sup-
plementation.

The results revealed that the C. perfringens type-A concentrations of
all unchallenged treatments (CX, CN-0.05, and CN-0.10) were sig-
nificantly (P ˂ 0.05) lower than those of challenged groups (PX, PN0.05,
and PN0.1). The level of C. perfringens in the challenged un-supple-
mented group (PX) (5.83 Log10 CFU / g) was comparable to the level
recorded by other literature for necrotic enteritis (NE) infected chicks.
For instance, Pedersen, Bjerrum, Heuer, Lo Fo Wong and
Nauerby (2008)) recorded a C. perfringens level of 4.98 Log10 CFU / g in
chicks challenged with C. perfringens and maintained on an antibiotic-
free diet. Moreover, all challenged groups (PX, PN-0.05, and PN-0.1)
showed a higher intestinal lesion score (P˂0.05) compared with those of
birds in unchallenged groups (CX, CN-0.05, and CN-0.10).

The average bacterial counts of challenged groups supplemented
with NP, at 0.05 and 0.1%, significantly (P˂0.05) decreased (3.767 and
2.600 Log10 cfu / g, respectively) in comparing with that (5.833 Log10

cfu / g) of the challenged non-supplemented group (PX). Subsequently,
the intestinal lesion scores of birds in the PN-0.05 and PN-0.1 groups
were significantly (P˂0.05) lower than that of the PX group.
Furthermore, both bacterial count and intestinal lesion scores of birds
in PN-0.1 group, supplemented with 0.1% NuPro and challenged by C.
perfringens, were markedly reduced compared with other challenged
groups (PX and PN-0.05), it almost identical to that of unchallenged
groups (CX, CN-0.05, and CN-0.10).

3.2. Occludin and mucin (MUC2) mRNA expression

Table 6 represents the effect of NP supplementation on mRNA ex-
pression of occludin and MUC2 of broiler chickens challenged or/and
unchallenged with C. perfringens. Generally speaking, both MUC2 and
occludin mRNA expression was significantly (P˂0.05) increased by NP
supplementation, at 0.05 and 0.1%.

The data indicated a significant (P˂0.05) increase in MUC2 and
occludin mRNA expression of NP unchallenged groups (CN-0.05 and
CN-0.1) compared with those of the unchallenged control group (CX).

Table 4a
Oligonucleotide primers and probes used in SYBR Green real time PCR Source:
Metabion (Germany).

Gene Primer sequence (5′−3′) Reference

Muc2 GCCTGCCCAGGAAATCAAG Chen, Tellez, Richards & Escobar,
2015

CGACAAGTTTGCTGGCACAT
Occludin GAGCCCAGACTACCAAAGCAA Chen et al., 2015

GCTTGATGTGGAAGAGCTTGTTG
ß. actin CCACCGCAAATGCTTCTAAAC Yuan, Guo, Yang & Wang, 2007

AAGACTGCTGCTGACACCTTC

Table 4b
The cycle condition according to Quantitect SYBR green PCR kit.

Gene Reverse transcription Primary denaturation Amplification (40 cycles) Dissociation curve (1 cycle)
Secondary
denaturation

Annealing (Optics on) Extension Secondary
denaturation

Annealing Final denaturation

Muc2 50°C 94°C 94°C 60°C 72°C 94°C 60°C 94°C
30 min. 5 min. 15 s. 30 s. 30 s. 1 min. 1 min. 1 min.

Occludin 50°C 94°C 94°C 60°C 72°C 94°C 60°C 94°C
30 min. 5 min. 15 s. 30 s. 30 s. 1 min. 1 min. 1 min.

ß. actin 50°C 94°C 94°C 51°C 72°C 94°C 51°C 94°C
30 min. 5 min. 15 s. 30 s. 30 s. 1 min. 1 min. 1 min.
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Regarding C. perfringens challenged groups, the results demon-
strated that C. perfringens challenge adversely affected MUC2 and oc-
cludin mRNA expression. However, NP supplementation, at 0.05 and
0.1%, to the challenged groups (PN-0.05 and PN-0.1) resulted in a
significant (P˂0.05) improvement in both MUC2 and occludin mRNA
expression compared with that of a challenged non-supplemented
group (PX).

Furthermore, both MUC2 and occludin mRNA expression of birds in
PN-0.1 group, 0.1% NP supplemented group challenged with C. per-
fringens, were significantly (P˂0.05) improved to be nearly the same as
that of the unchallenged control group (CX) and unchallenged group
supplemented with 0.05% NP (CN-0.05).

3.3. Intestinal histomorphology and goblet cell number

The results of intestinal histomorphology and goblet cell number are
demonstrated in Table 7. Overall, intestinal histomorphology and
goblet cell histochemistry was significantly affected by both pathogen
challenge and NP supplementation.

With regards to intestinal histomorphology, the data showed a
significant (P˂0.05) increase in intestinal villus height of NP un-
challenged groups (CN-0.05 and CN-0.1), by 4.62 and 12.29% respec-
tively, and a significant (P˂0.05) decrease in crypt depth compared
with that of the unchallenged control group (CX). The intestinal villus
height and crypt depth of NP unchallenged groups (CN-0.05 and CN-
0.1) directly reflected on villus length/crypt depth (V/C) ratio, espe-
cially V/C ratio of the CN-0.1 group which significantly increased in
comparing with the CX group. Moreover, NP unchallenged groups (CN-
0.05 and CN-0.1) recorded a significant (P˂0.05) increase in intestinal
mucosal thickness compared with that of the unchallenged control
group (CX).

On the other hand, the results of C. perfringens challenge demon-
strated that the pathogen challenge negatively affected the villus
height, crypt depth, and V/C ratio of challenged groups (PX, PN-0.05,
and PN0.1) compared with that of unchallenged groups (CX, CN-0.05,
and CN-0.10). However, NP supplementation, at 0.05 and 0.1%, to the
challenged groups (PN-0.05 and PN-0.1) resulted in a significant
(P˂0.05) increase in both villus height and intestinal mucosal thickness
in comparing with that of a challenged non-supplemented group (PX).

In the case of goblet cell count, the data revealed a significant
(P˂0.05) increase in goblet cell count of NP unchallenged groups (CN-
0.05 and CN-0.1) compared with that of the unchallenged control group
(CX).

Table 5
Effect of NP supplementation on intestinal clostridium perfringens concentration and microscopic lesion scores.

Items Clostridium Log 10

cfu / g
Average intestinal lesion scores

Villus
fusion

Capillaries
dilatation

Capillaries
Hemorrhages

Epithelial Cell
defect

Proteinaceous Material in
duodenal lumen

Treatments 1NP% Challenge C.
perfringens type-A

CX 0.00 – 1.833c 1.033c 1.177b 1.320cd 1.453d 1.033c

CN-0.05 0.05 – 1.933c 1.100c 1.323b 1.183de 1.327d 1.060bc

CN-0.10 0.10 – 1.633c 0.997c 0.930b 0.930e 1.107d 0.970c

PX 0.00 + 5.833a 3.767a 3.133a 3.103a 3.933a 3.783a

PN-0.05 0.05 + 3.767b 2.133b 2.417b 2.423b 2.683b 1.467b

PN-0.10 0.10 + 2.600bc 1.410c 1.500c 1.503c 1.953c 1.233bc
2SEM 0.570 0.181 0.262 0.090 0.133 0.128
Main effects
NP
0% 3.850a 2.400a 2.155a 2.212a 2.693a 2.408a

0.05% 2.800ab 1.617b 1.870b 1.803b 2.005b 1.263b

0.1% 2.117b 1.203c 1.215c 1.217c 1.530c 1.102b

SEM 0.389 0.128 0.185 0.063 0.094 0.090
C. perfringens type-A challenge
– 1.778b 1.043b 1.143b 1.144b 1.296b 1.021b

+ 4.067a 2.437a 2.350a 2.343a 2.857a 2.161a

SEM 0.329 0.105 0.151 0.052 0.077 0.074
P-value
NP 0.026 ˂0.001 0.011 ˂0.001 ˂0.001 ˂0.001
C. perfringens 0.003 ˂0.001 ˂0.001 ˂0.001 ˂0.001 ˂0.001
NP × C. perfringens 0.041 ˂0.001 ˂0.001 ˂0.001 ˂0.001 ˂0.001

a,b,cMeans within a column with different superscripts are significantly different (P˂0.05).
1Nucleoforce Poultry, a balanced concentrate of free nucleotides commercial product obtained from dried yeasts (saccharomyces cerevisiae).
2SEM: standard error of mean.

Table 6
The effect of NP supplementation on mRNA expression of occludin and MUC2.

Items Mucin (MUC2) Occludin

Treatments 1NP% C. perfringens type-A challenge
CX 0.00 – 1.000c 0.953c

CN-0.05 0.05 – 1.133b 1.063b

CN-0.1 0.10 – 1.243a 1.163a

PX 0.00 + 0.587e 0.347e

PN-0.05 0.05 + 0.840d 0.583d

PN-0.1 0.10 + 1.103bc 0.833bc
2SEM 0.022 0.031
Main effects
NP
0% 0.793c 0.650c

0.05% 0.987b 0.823b

0.1% 1.173a 1.068a

SEM 0.015 0.022
C. perfringens type-A challenge
– 1.126a 1.060a

+ 0.843b 0.634b

SEM 0.013 0.018
P-value
NP 0.015 0.037
C. perfringens 0.007 0.027
NP × C. perfringens ˂0.001 0.003

a,b,cMeans within a column with different superscripts are significantly different
(P˂0.05).
1Nucleoforce Poultry, a balanced concentrate of free nucleotides commercial
product obtained from dried yeasts (saccharomyces cerevisiae).
2SEM: standard error of mean.
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By far, the results illustrated that pathogen challenge passively af-
fected the number of goblet cell of challenged groups (PX, PN-0.05 and
PN0.1) comparing with that of unchallenged groups (CX, CN-0.05 and
CN-0.10). However, NP supplementation, at 0.05 and 0.1%, to the
challenged groups (PN-0.05 and PN-0.1) resulted in a significant
(P˂0.05) increase in the goblet cell count compared with a challenged
non-supplemented group (PX).

3.4. Performance parameters

Table 8 depicts the effect of NP supplementation on the growth
performance parameters of broiler chickens challenged or/and

unchallenged with C. perfringens. At first glance, the results revealed
that both body weight gain (BWG) and feed intake (FI) were sig-
nificantly (P˂0.05) increased by NP supplementation, at 0.05 and 0.1%,
which reflected on the FCR ratio that numerically improved.

The data indicated considerable improvement in BWG of NP un-
challenged groups (CN-0.05 and CN-0.1), by 5.08 and 7.05% respec-
tively, and a noticeable increase (P˂0.05) in FI comparing with that of
the unchallenged control group (CX). The BWG and FI reflected on FCR,
which numerically decreased in comparison with that of the CX group.

Regarding C. perfringens challenged groups, the results demon-
strated that C. perfringens challenge adversely affected BWG, FI, and
FCR. However, NP supplementation to the challenged groups (PN-0.05

Table 7
The effect of NP supplementation on intestinal histomorphology and goblet cell number.

Items Villus height (µm) Crypt depth (µm) Villus: crypt ratio Thickness of mucosa (µm) Goblet cells number

Treatments 1NP% C. perfringens type-A challenge
CX 0.00 – 64.170c 16.200a 4.433c 82.220c 24.133c

CN-0.05 0.05 – 67.137b 13.633b 4.924cb 97.153b 25.693b

CN-0.10 0.10 – 72.060a 12.850b 6.143a 112.283a 30.027a

PX 0.00 + 45.127f 10.367c 4.300c 54.700f 10.683f

PN-0.05 0.05 + 57.160e 11.110c 4.367c 69.317e 14.950e

PN-0.1 0.10 + 60.680d 11.200c 5.303b 75.243d 22.027d
2SEM 0.497 0.310 0.262 0.603 0.365
Main effects
Diet
0% 54.648c 13.283a 4.367b 68.460c 17.408c

0.05% 62.148b 13.372a 4.598b 83.235b 20.322b

0.1% 66.370a 12.025b 5.723a 93.763a 26.027a

SEM 0.351 0.219 0.185 0.426 0.258
C. perfringens type-A challenge
– 67.789a 14.894a 5.136a 97.219a 26.618a

+ 54.322b 10.892b 4.657a 66.420b 15.887b

SEM 0.287 0.179 0.151 0.348 0.211
P-value
NP 0.045 0.046 0.046 0.043 0.008
C. perfringens 0.041 0.044 0.144 0.010 0.021
NP × C. perfringens ˂0.001 ˂0.001 0.429 ˂0.001 ˂0.001

a,b,cMeans within a column with different superscripts are significantly different (P˂0.05).
1Nucleoforce Poultry, a balanced concentrate of free nucleotides commercial product obtained from dried yeasts (saccharomyces cerevisiae).
2SEM: standard error of mean.

Table 8
The effect of NP supplementation on growth performance parameters of broiler chickens.

Items Initial BW (g) Final BW (g) Total weight gain (g) Total F. I per chick (g) FCR (g/g)

Treatments 1NP% C. perfringens type-A challenge
CX 1 0.00 – 40.23a 2001.42b 1961.19b 3166.22b 1.61cd

CN-0.05 0.05 – 40.17a 2100.94a 2060.77a 3276.40a 1.59cd

CN-0.10 0.10 – 40.30a 2139.60a 2099.43a 3304.05a 1.57d

PX 0.00 + 40.17a 1754.89d 1714.62d 2939.67d 1.72a

PN-0.05 0.05 + 40.27a 1875.58c 1835.28c 3039.98c 1.66b

PN-0.10 0.10 + 40.23a 1958.53b 1918.30b 3132.67b 1.63bc
2SEM 0.09 14.900 14.938 14.927 0.014
Main effects
NP
0% 40.25a 1878.16c 1837.91c 3052.94c 1.67a

0.05% 40.23a 1988.26b 1948.02b 3158.19b 1.62ab

0.1% 40.20a 2049.07a 2008.87a 3218.36a 1.60b

SEM 0.032 10.536 10.563 10.555 0.010
C. perfringens type-A challenge
– 40.19a 2080.65a 2040.46a 3248.89a 1.59b

+ 40.27a 1863.00b 1822.73b 3037.44b 1.67a

SEM 0.03 8.603 8.625 8.618 0.008
P-value
NP 0.854 0.036 0.036 0.042 0.116
C. perfringens 0.296 0.008 0.008 0.009 0.027
NP × C. perfringens 0.854 0.123 0.124 0.103 0.296

a,b,cMeans within a column with different superscripts are significantly different (P˂0.05).
1Nucleoforce Poultry, a balanced concentrate of free nucleotides commercial product obtained from dried yeasts (saccharomyces cerevisiae).
2SEM: standard error of mean.
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and PN-0.1) resulted in a significant (P˂0.05) improvement in both
BWG and FCR in comparing with that of a challenged non-supple-
mented group (PX). Moreover, the performance parameters of PN-0.1
group, 0.1% NP supplemented group and challenged with C. perfringens,
nearly similar to that of the unchallenged control group (CX).

4. Discussion

The reduced C. perfringens infection in NP challenged groups (PN-
0.05 and PN-0.1) attributed the effect of NP supplementation to im-
prove gut health parameters like villus height, v/c ratio, mucosal
thickness, and goblet cell number. Besides, increasing the goblet cell's
number, which is a secretory epithelial cell which exists within the
intestine and is in charge of the mucus production, forms a protective
gel-like layer covering the surface epithelium and defends against
bacterial invasion (Forstner & Forstner, 1994). Additionally, nucleo-
tides could enhance probiotic predominance (lactobacilli and bifido-
bacteria) and reduce the concentration of enterobacteria. As found out
by Gil et al. (1986) and Tanaka and Mutai. (1980) who recorded a
marked reduction in the concentration of enterobacteria in stool sam-
ples from infants with exogenous dietary nucleotides-supplementation.
A similar result was stated by Mateo, Peters and Stein (2004) in
weanling pigs. Moreover, nucleotides could even have stimulated the
intestinal immune system to raise intestinal IgA production as found in
dogs (Swanson et al., 2002), rats (Kudoh et al., 1999) and chickens
(Gao et al., 2008) fed yeast supplements. Immunoglobulin A binds to
antigens (like C. perfringens α-toxin) and hinders them from passing
through the mucosal membrane and establishing infection and lesions
(Kulkarni, Parreira, Jiang & Prescott, 2010). The obtained results are
convenient with that of Thanissery et al. (2010) who found a numerical
reduction in C. perfingens levels in challenged and NP treated groups.
Our results prove that nucleotide supplementation can positively in-
fluence the microflora within the alimentary canal. That hinders the
proliferation of pathogenic bacteria such as C. perfingens type-A.

Furthermore, the reduced intestinal lesion scores of birds supple-
mented with NP indicated that NP markedly alleviated the negative
effects of C. perfringens challenge through improving the intestinal
barrier (occludin and MUC2) function which resulted in improving the
growth performance of birds challenged with C. perfringens. The sug-
gested mechanism by which NP ameliorates the intestinal barrier is that
the genetic code of the genes that used for direct protein synthesis and
production of cell structures constituted mainly of a nucleotide se-
quence. Thus, the nucleotides-supplementation will provide genetic
codes for gene expression, RNA synthesis, and messenger RNA pro-
duction (Carver & Walker, 1995).

The MUC2 is a fundamental component of the protective mucus
layer which can protect the intestine against pathogen and promote the
procedure of restitution (Hernandez et al., 2009; Zeinali, Ghazanfari &
Ebrahimi, 2017) and has been established as an indicator for gut health
in poultry and other species (Dkhil, Delic & Al-Quraishy, 2013 and
Li et al., 2015; Forder, Nattrass, Geier, Hughes & Hynd, 2012).
Deplancke et al. (2001) demonstrated that C. perfringens is mucolytic
bacteria capable of degrading the mucin of the mucous coat, which
enables bacteria to spread on the epithelial surface.

Occludin and junctional adhesion molecule (JAM), claudins, and
zonula occludens (ZO) are unique proteins that form the extracellular
barrier of the intestine (Schneeberger & Lynch, 2004). This barrier is
well-known as tight junctions (TJs), which work as a fence against
macromolecular transmission (Ballard, Hunter & Taylor, 1995). The
disruption of intestinal tight junction proteins may lead to an increase
in the permeability of luminal antigens and bacterial translocation
(Ulluwishewa et al., 2011). Little data are available on tight junction
protein expression in C. perfringens infected birds; among them,
Liu et al. (2012) reported decreased occludin gene expression within
the small intestine of the C. perfringens infected birds. Dietary nucleo-
tides are reported to play a role in the growth and differentiation of the

alimentary canal (Carver & Walker, 1995), by enhances the function of
intestinal epithelial cells (Seifert & Schultz, 1989). Moreover, there are
some shreds of evidence that dietary nucleotides could enhance innate
immune responses and host resistance against the damaging effect of
the toxin in chickens (Frankič, Pajk, Rezar, Levart & Salobir, 2006).

The results of the improved intestinal morphological picture by
dietary nucleotide supplementation agreed with Wu et al. (2018). En-
terocytes have a limited capacity of de-novo synthesizing nucleotides
(Yamamoto et al., 1997). So they are dependent on exogenous and
endogenous nucleotides in addition to the absorption of most dietary
nucleotides within the small intestine, which is over 90% (Uauy, 1994).
Consequently, parenteral supplementation of nucleic acids supports
mucosal cell proliferation and function by increasing the formation of
mucosal protein and increasing concentration of DNA (Carver, 1994;
Uauy, Birch, Birch & Uauy, 1990). As demonstrated by Carver and
Walker (1995); Sanderson and Youping (1994) who reported increased
mucosal weight and stimulated enterocyte differentiation by dietary
nucleotides-supplementation. Generally, villus crypt ratio is a para-
meter for measuring the maturity and functional capacity of enterocytes
(Hampson, 1986). Whereas, deeper crypts signify rapid cellular turn-
over to permit the villus renewal as a direct response to normal
sloughing or inflammation caused by pathogens or their toxins
(Yason, Summers & Schat, 1987).

The adverse effect of pathogen challenge on villus height, crypt
depth, and C/V ratio also recorded by Olkowski, Wojnarowicz, Chirino-
Trejo and Drew (2006). As, C. perfringens bacteria are releasing toxins,
like Necrotic Enteritis Toxin (NetB) (Keyburn et al., 2008). The effect of
C. perfringens toxins can be ameliorated by dietary nucleotide supple-
mentation as recorded by Ortega, Nunez, Gil and Sanchez-Pozo (1995)
who reported that nucleotide supplementation promoted rapid re-
covery of small intestine atrophy after feed deprivation (Ortega et al.,
1995), and diarrhea in rats (Bueno et al., 1994). Moreover, several
studies (Maldonado, Navarro, Narbona & Gil, 2001; Frankic et al.,
2006; Hess & Greenberg, 2012) reported that dietary nucleotides-sup-
plementation has the capability for increasing cell-mediated immunity,
and improving the resistance against bacterial infections.

The role of NP in stimulating proliferation and maturation of the
gastrointestinal tract (Carver & Walker, 1995), which is the main site
for absorption and utilization of diet from the gut (Boleli, Maiorka &
Macari, 2002), positively reflected on the growth performance para-
meters. Additionally, nucleotides act as the main component in carbo-
hydrate, fat, protein and nucleic acid metabolism (Carver &
Walker, 1995; Cosgrove, 1998) which are essential for maintenance and
repair of muscle tissue (Grimble & Westwood, 2000). Our results of NP
on the performance parameters compatible with that of
Madrigal et al. (1993), who recorded that the yeast and yeast cell
components significantly improved feed utilization and BWG in broiler
chickens. A similar was found by Bradley, Savage and Timm (1994) in
turkey poults. On the contrary, Pelícia et al. (2010) detected non-sig-
nificant differences among broilers fed diets supplemented with nu-
cleotides. Furthermore, Jung and Batal (2012) stated that nucleotides
are not a fundamental nutrient; thus, it is not recommended to use them
within the diets of broilers reared under normal conditions. However,
exogenous dietary nucleotides-supplementation for broiler chicken
could be essential to keep up maximum growth performance when
birds are exposed to stress conditions (Esteve-Garcia, Martinez-
Puig, Borda & Chetrit, 2007; Rutz et al., 2004).

The adverse effect of C. perfringens challenge on performance
parameters attributed to the fact that the damage of the intestinal
mucosa by pathogen challenge leads to a concomitant loss of brush-
border enzymes (such as alkaline phosphatase and maltase) and
transport proteins that chargeable for the ultimate stages of digestion of
macromolecules and nutrient transport (Fasina et al., 2007;
Jeurissen et al., 2002).

NP significantly attenuated the adverse effects of C. perfringens
challenge by improving the intestinal barrier function, which positively
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reflected on the growth performance of birds challenged with C. per-
fringens. Our results are compatible with M'Sadeq, Wu, Choct,
Forder and Swick (2015) who found that dietary supplementation of
the yeast cell wall was effective in restraining the decline of bird per-
formance; which is induced by C. perfringens and Eimeria challenge. In
contrary, Alizadeh et al. (2016) showed that dietary supplementation of
yeast-derived products did not affect the growth performance of broiler
chickens challenged with C. perfringens.

5. Conclusion

From the results described above, it could be concluded that dietary
supplementation of nucleotides in broiler diets, at 0.1%, noticeably
attenuated the negative effects of C. perfringens challenge by improving
the intestinal histomorphology and intestinal barrier function. Which
consequently resulted in a significant reduction in C. perfringens counts
and intestinal lesion scores that positively reflected on the growth
performance of birds challenged with C. perfringens.

Declaration of Competing Interest

None.

Acknowledgment

The authors appreciate the help of Dr Mohamed M. Zaki, Poultry
Diseases Dept, Dr Mahmoud Elhariri and Dr Sherif Marouf,
Microbiology and Immunology Dept, and Dr Faten Fathy Mohammed,
pathology Dept, Faculty of Veterinary Medicine, Cairo University.

Ethical statement

All procedures and protocols follow the guidelines of Cairo
University Institutional Animal Care and Use Committee (CU- IACUC),
Veterinary Medical and Agricultural Sciences Sector under number of
CU/II/F/29/18.

References

Alizadeh, M., Rogiewicz, A., McMillan, E., Rodriguez-Lecompte, J. C., Patterson, R., &
Slominski, B. A. (2016). Effect of yeast-derived products and distillers dried grains
with solubles (DDGS) on growth performance and local innate immune response of
broiler chickens challenged with Clostridium perfringens. Avian Pathology, 45(3),
334–345. https://doi.org/10.1080/03079457.2016.1155693.

AOAC. (2000). Association of Official Analytical Chemists. Official Methods of Analysis.
Washington, DC, USA, Official methods 925.09, 923.03, 979.09, 962.09, 4.5.01, and
923.05, Vol. II, 17th edition https://www.worldcat.org/title/official-methods-of-
analysis-of-aoac-international/oclc/44761301.

Ballard, S. T., Hunter, J. H., & Taylor, A. E. (1995). Regulation of tight junction perme-
ability during nutrient absorption across the intestinal epithelium. Annual Review of
Nutrition, 15, 35–55. https://doi.org/10.1146/annurev.nu.15.070195.000343.

Beltran-Alcrudo, D., Cardona, C., McLellan, L., Reimers, N., & Charlton, B. (2008). A
persistent outbreak of ulcerative enteritis in Bobwhite quail (Colinus virginianus).
Avian Diseases, 52(3), 531–536. https://doi.org/10.1637/8195-121307-Case.

Boleli, I. C., Maiorka, A., & Macari, M. (2002). Estrutura funcional do trato digestório.
editor In M. Macari, R. L. Furlan&, & E. Gonzales (Eds.). Fisiologia Aviária Aplicada a
frangos de corte (pp. 75–95). Jaboticabal: Funep-Unesp. https://www.worldcat.org/
title/fisiologia-aviaria-aplicada-a-frangos-de-corte/oclc/318898494?referer=di&
ht=edition.

Bradley, G. L., Savage, T. F., & Timm, K. I. (1994). The effects of supplementing diets with
Saccharomyces cerevisiae var. Boulardii on male poult performance and ileal mor-
phology. Poultry Science, 73, 1766–1770. https://doi.org/10.3382/ps.0731766.

Bueno, J., Torres, M., Almendros, A., Carmona, R., Nufiez, M. C., Rios, A., & Gil, A.
(1994). Effect of dietary nucleotides on small intestinal repair after diarrhea.
Histological and ultra-structural changes. Gut, 35, 926–933. https://doi.org/10.
1136/gut.35.7.926.

Carver, J. D., & Walker, W. A. (1995). The role of nucleotides in human nutrition. The
Journal of Nutritional Biochemistry, 6, 58–72. https://doi.org/10.1016/0955-2863(94)
00019-I.

Carver, J. (2007). Dietary nucleotides: Effects on the immune and gastrointestinal sys-
tems. Acta Paediatrica, 88, 83–88. https://doi.org/10.1111/j.1651-2227.1999.
tb01306.x.

Carver, J. D. (1994). Dietary nucleotides–cellular immune, intestinal and hepatic system

effects. The Journal of Nutrition, 124, 144–148. https://doi.org/10.1093/jn/124.
suppl_1.144S.

Chen, J., Tellez, G., Richards, J. D., & Escobar, J. (2015). Identification of potential
biomarkers for gut barrier failure in broiler chickens. Frontiers in Veterinary Science,
2https://doi.org/10.3389/fvets.2015.00014.

Cosgrove, M. (1998). Nucleotides. Nutrition, 14(10), 748–751. https://doi.org/10.1016/
S0899-9007(98)00075-6.

Deplancke, B., & Gaskins, H. R. (2001). Microbial modulation of innate defense: Goblet
cells and the intestinal mucus layer. The American Journal of Clinical Nutrition, 73,
1131S–1141S. https://doi.org/10.1093/ajcn/73.6.1131S.

Devresse, B. (2000). Nucleotides–a key nutrient for shrimp immune system. Feed Mix,
8(3), 20–22. https://europepmc.org/article/agr/ind22302590.

Dkhil, M. A., Delic, D., & Al-Quraishy, S. (2013). Goblet cells and mucin related gene
expression in mice infected with Eimeria papillata. Scientific World Journal, 2013, 1–6.
http://dx.doi.org/10.1155/2013/439865.

Du, E., Wang, W., Gan, L., Li, Z., Guo, S., & Guo, Y. (2016). Effects of thymol and car-
vacrol supplementation on intestinal integrity and immune responses of broiler
chickens challenged with Clostridium perfringens. Journal of Animal Science and
Biotechnology, 7(1), Article 19. https://doi.org/10.1186/s40104-016-0079-7.

Esteve-Garcia, E., Martinez-Puig, D., Borda, E., & Chetrit, C. (2007). Efficacy of a nu-
cleotides preparation in broiler chickens. World Poultry Science Association. Beekbergen,
Netherlands: World's Poultry Science Association (WPSA)511–514. https://www.
cabi.org/Uploads/animal-science/worlds-poultry-science-association/WPSA-france-
2007/33.pdf.

Fasina, Y. O., Moran, E. T., Ashwell, C. M., Conner, D. E., Leslie, M., & McKee, S. R.
(2007). Effect of dietary gelatin supplementation on the expression of selected en-
terocyte genes, intestinal development and early chick performance. International
Journal of Poultry Science, 12, 944–951. http://dx.doi.org/10.3923/ijps.2007.944.
951.

Forder, R. E., Nattrass, G. S., Geier, M. S., Hughes, R. J., & Hynd, P. I. (2012). Quantitative
analyses of genes associated with mucin synthesis of broiler chickens with induced
necrotic enteritis. Poultry Science, 91, 1335–1341. https://doi.org/10.3382/ps.2011-
02062.

Forstner, G., & Forstner, J. (1994). Gastrointestinal mucus. In M. Juan-R (Ed.).
Malagelada, Physiology of the Gastrointestinal Tract (pp. 1255–1283). (3rd ed.). New
York: Raven Press.

Frankič, T., Pajk, T., Rezar, V., Levart, A., & Salobir, J. (2006). The role of dietary nu-
cleotides in reduction of DNA damage induced by T-2 toxin and deoxynivalenol in
chicken leukocytes. Food and Chemical Toxicology, 44, 1838–1844. https://doi.org/
10.1016/j.fct.2006.06.002.

Gao, J., Zhang, H. J., Yu, S. H., Wu, S. G., Yoon, I., Quigley, J., Gao, Y. P., & Qi, G. H.
(2008). Effects of yeast culture in broiler diets on performance and im-
munomodulatory functions. Poultry Science, 87, 1377–1384. https://doi.org/10.
3382/ps.2007-00418.

Gholamiandehkordi, A. R., Timbermont, L., Lanckriet, A., Van den Broeck, W., Pedersen,
K., Dewulf, J., Pasmans, F., Haesebrouck, F., Ducatelle, R., & Van Immerseel, F.
(2007). Quantification of gut lesions in a subclinical necrotic enteritis model. Avian
Pathology, 36(5), 375–382. https://doi.org/10.1080/03079450701589118.

Gil, A. E., Corral, A., Martinez, J., & Molina, A. (1986). Effects of the addition of nu-
cleotides to an adapted milk formula on the microbial pattern of feces in at-term
newborn infants. Journal Clinical Nutrition Gastroenterology, 1, 127–132.

Grimble, G. K., & Westwood, O. M. R. (2000). Nucleotides. In M. E. Gershwin, J. B.
German, & C. L. Keen (Eds.). Nutrition and immunology: Principles and practice (pp.
135–144). Totowa, NJ: Humana Press, Inc ISBN 978-1-59259-709-3.

Hampson, D. J. (1986). Alterations in piglet small intestinal structure at weaning.
Research in Veterinary Science, 40(1), 32–40. https://www.ncbi.nlm.nih.gov/
pubmed/3704321.

Hernandez, C., E., Santamatilde, K. J., McCreath, A. M., Cervera, I., Diez, D., Ortiz-Masia,
N., Martinez, S., Calatayud, Esplugues, J. V., & Barrachina, M. D. (2009). Induction of
trefoil factor (TFF) 1, TFF2 and TFF3 by hypoxia is mediated by hypoxia inducible
factor-1: Implications for gastric mucosal healing. British Journal of Pharmacology,
156, 262–272. https://doi.org/10.1111/j.1476-5381.2008.00044.x.

Hess, J. R., & Greenberg, N. A. (2012). The role of nucleotides in the immune and gas-
trointestinal systems: Potential clinical applications. Nutrition in Clinical Practice, 27,
281–294. https://doi.org/10.1177/0884533611434933.

Hoffmann, K. (2007). The use of Nucleotides in animal feed. Feed mix, 6, 25–27. https://
en.engormix.com/feed-machinery/articles/nucleotides-in-animal-feed-t34750.htm.

Hung, I. F. (2015). Theses and Dissertations–Animal and Food SciencesLexington: University
of Kentucky.

Ingledew, W. M. (1999). Yeast-could you base a business on this bug. In T. P. Lyons, & K.
A. Jacques (Eds.). 15th annual symposium biotechnology in the feed industry (pp. 27–
47). Nottingham, UK: Nottingham University Press ISBN 10: 1897676700 ISBN 13:
9781897676707.

Jeurissen, S. H., Lewis, F., van der Klis, J. D., Mroz, Z., Rebel, J. M., & Ter Huurne, A. A.
(2002). Parameters and techniques to determine intestinal health of poultry as con-
stituted by immunity, integrity, and functionality. Current Issues in Intestinal
Microbiology, 3, 1–14. https://www.ncbi.nlm.nih.gov/pubmed/12022808.

Jung, B., & Batal, A. B. (2012). Effect of dietary nucleotide supplementation on perfor-
mance and development of the gastrointestinal tract broilers. British Poultry Science,
53(1), 98–105. https://doi.org/10.1080/00071668.2012.659654.

Keyburn, A. L., Boyce, J. D., Vaz, P., Bannam, T. L., Ford, M. E., Parker, D., Di Rubbo, A.,
Rood, J. I., & Moore, R. J. (2008). NetB, a new toxin that is associated with avian
necrotic enteritis caused by Clostridium perfringens. PLoS Pathog, 4(2), e26. https://
doi.org/10.1371/journal.ppat.0040026.

Kudoh, K., Shimizu, J., Ishiyama, A., Wada, M., Takita, T., Kanke, Y., & Innami, S. (1999).
Secretion and excretion of immunoglobulin A to cecum and feces differ with type of

F.F. Mohamed, et al. Veterinary and Animal Science 10 (2020) 100130

8

https://doi.org/10.1080/03079457.2016.1155693
https://www.worldcat.org/title/official-methods-of-analysis-of-aoac-international/oclc/44761301
https://www.worldcat.org/title/official-methods-of-analysis-of-aoac-international/oclc/44761301
https://doi.org/10.1146/annurev.nu.15.070195.000343
https://doi.org/10.1637/8195-121307-Case
https://www.worldcat.org/title/fisiologia-aviaria-aplicada-a-frangos-de-corte/oclc/318898494?referer=di&ht=edition
https://www.worldcat.org/title/fisiologia-aviaria-aplicada-a-frangos-de-corte/oclc/318898494?referer=di&ht=edition
https://www.worldcat.org/title/fisiologia-aviaria-aplicada-a-frangos-de-corte/oclc/318898494?referer=di&ht=edition
https://doi.org/10.3382/ps.0731766
https://doi.org/10.1136/gut.35.7.926
https://doi.org/10.1136/gut.35.7.926
https://doi.org/10.1016/0955-2863(94)00019-I
https://doi.org/10.1016/0955-2863(94)00019-I
https://doi.org/10.1111/j.1651-2227.1999.tb01306.x
https://doi.org/10.1111/j.1651-2227.1999.tb01306.x
https://doi.org/10.1093/jn/124.suppl_1.144S
https://doi.org/10.1093/jn/124.suppl_1.144S
https://doi.org/10.3389/fvets.2015.00014
https://doi.org/10.1016/S0899-9007(98)00075-6
https://doi.org/10.1016/S0899-9007(98)00075-6
https://doi.org/10.1093/ajcn/73.6.1131S
https://europepmc.org/article/agr/ind22302590
http://dx.doi.org/10.1155/2013/439865
https://doi.org/10.1186/s40104-016-0079-7
https://www.cabi.org/Uploads/animal-science/worlds-poultry-science-association/WPSA-france-2007/33.pdf
https://www.cabi.org/Uploads/animal-science/worlds-poultry-science-association/WPSA-france-2007/33.pdf
https://www.cabi.org/Uploads/animal-science/worlds-poultry-science-association/WPSA-france-2007/33.pdf
http://dx.doi.org/10.3923/ijps.2007.944.951
http://dx.doi.org/10.3923/ijps.2007.944.951
https://doi.org/10.3382/ps.2011-02062
https://doi.org/10.3382/ps.2011-02062
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0020
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0020
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0020
https://doi.org/10.1016/j.fct.2006.06.002
https://doi.org/10.1016/j.fct.2006.06.002
https://doi.org/10.3382/ps.2007-00418
https://doi.org/10.3382/ps.2007-00418
https://doi.org/10.1080/03079450701589118
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0024
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0024
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0024
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0025
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0025
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0025
https://www.ncbi.nlm.nih.gov/pubmed/3704321
https://www.ncbi.nlm.nih.gov/pubmed/3704321
https://doi.org/10.1111/j.1476-5381.2008.00044.x
https://doi.org/10.1177/0884533611434933
https://en.engormix.com/feed-machinery/articles/nucleotides-in-animal-feed-t34750.htm
https://en.engormix.com/feed-machinery/articles/nucleotides-in-animal-feed-t34750.htm
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0030
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0030
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0031
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0031
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0031
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0031
https://www.ncbi.nlm.nih.gov/pubmed/12022808
https://doi.org/10.1080/00071668.2012.659654
https://doi.org/10.1371/journal.ppat.0040026
https://doi.org/10.1371/journal.ppat.0040026


indigestible saccharides. Journal of Nutritional Science and Vitaminology, 45, 173–181.
https://doi.org/10.3177/jnsv.45.173.

Kulkarni, R. R., Parreira, V. R., Jiang, Y. F., & Prescott, J. F. (2010). A live oral re-
combinant Salmonella enterica serovar Typhimurium vaccine expressing Clostridium
perfringens antigens confers protection against necrotic enteritis in broiler chickens.
Clinical and Vaccine Immunology, 17, 205–214. https://doi.org/10.1128/CVI.
00406-09.

LeLeiko, N. S., Bronstein, A. D., Baliga, B. S., & Munro, H. N. (1983). De novo purine
nucleotide synthesis in the rat small and large intestine: Effect of dietary protein and
purines. Journal of Pediatric Gastroenterology and Nutrition, 2(2), 313–319. https://
www.ncbi.nlm.nih.gov/pubmed/6192234.

Li, C., Guo, S., Gao, J., Guo, Y., Du, E., Lv, Z., & Zhang, B. (2015). Maternal high-zinc diet
attenuates intestinal inflammation by reducing DNA methylation and elevating H3K9
acetylation in the A20 promoter of off spring chicks. The Journal of Nutritional
Biochemistry, 26(2), 173–183. https://doi.org/10.1016/j.jnutbio.2014.10.005.

Liu, D., Guo, S., & Guo, Y. (2012). Xylanase supplementation to a wheat-based
diet alleviated the intestinal mucosal barrier impairment of broiler chickens chal-
lenged by Clostridium perfringens. Avian Pathology, 41(3), 291–298. https://doi.org/
10.1080/03079457.2012.684089.

Madrigal, S. A., Watkins, S. E., Skinner, J. T., Adams, M. H., Waldroup, A. L., & Waldroup,
P. W. (1993). Effect of an active yeast culture on performance of broilers. Poultry
Science, 72 87-87.

Maldonado, J., Navarro, J., Narbona, E., & Gil, A. (2001). The influence of dietary nu-
cleotides on humoral and cell immunity in the neonate and lactating infant. Early
Human Development, 65, S69–S74. http://hera.ugr.es/doi/15090851.pdf.

Martinez-Puig, D., Manzanilla, E. G., Morales, J., Borda, E., Pérez, J. F., Pineiro, C., &
Chetrit, C. (2007). Dietary nucleotide supplementation reduces occurrence of diar-
rhoea in early weaned pigs. Livestock Science, 108, 276–279. https://doi:10.1016/j.
livsci.2007.01.099.

Mateo, C. D., Peters, D. N., & Stein, H. H. (2004). Nucleotides in sow colostrum and milk
at different stages of lactation. Journal of Animal Science, 82, 1339–1342. https://doi.
org/10.2527/2004.8251339x.

McDevitt, R. M., Brooker, J. D., Acamovic, T., & Sparks, N. H. C. (2006). Necrotic en-
teritis; a continuing challenge for the poultry industry. World's Poultry Science Journal,
62, 221–247. https://doi.org/10.1079/WPS200593.

McReynolds, L., Byrd, J. A., Anderson, R. C., Moore, R. W., Edrington, T. S., Genovese, K.
J., Poole, T. L., Kubena, L. F., & Nisbet, D. J. (2004). Evaluation of
Immunosuppressant and dietary mechanisms in an experimental disease model for
necrotic enteritis. Poultry Science, 83, 1948–1952. https://doi:10.1093/ps/83.12.
1948.

M'Sadeq, S. A., Wu, S.-B., Choct, M., Forder, R., & Swick, R. A. (2015). Use of yeast cell
wall extract as a tool to reduce the impact of necrotic enteritis in broilers. Poultry
Science, 94, 898–905. https://doi.org/10.3382/ps/pev035.

Olkowski, A. A., Wojnarowicz, C., Chirino-Trejo, M., & Drew, M. D. (2006). Responses of
broiler chickens orally challenged with Clostridium perfringens isolated from field
cases of necrotic enteritis. Research in Veterinary Science, 81, 99–108. https://doi.org/
10.1016/j.rvsc.2005.10.006.

Ortega, M. A., Nunez, M. C., Gil, A., & Sanchez-Pozo, A. (1995). Dietary nucleotides
accelerate intestinal recovery after food deprivation in old rats. The Journal of
Nutrition, 125, 1413–1418. https://doi:10.1093/jn/125.6.1413.

Pedersen, K., Bjerrum, L., Heuer, O. E., Lo Fo Wong, D. M., & Nauerby, B. (2008).
Reproducible infection model for Clostridium perfringens in broiler chickens. Avian
Diseases, 52, 34–39. https://doi.org/10.1637/7955-022307-Reg.

Pelícia, V. C., Sartori, J. R., Zavarize, K. C., Pezzato, A. C., Stradiotti, A. C., Araujo, P. C.,
Mituo, M. A. O., & Madeira, L. A. (2010). Effect of nucleotides on broiler performance
and carcass yield. Brazilian Journal of Poultry Science, 21(1), 31–34. http://www.
scielo.br/pdf/rbca/v12n1/v12n1a04.pdf.

Rutz, F., Anciuti, M. A., Rech, J. L., Goncalves, F. M., Delgado, A. D., Rosa, E. R., Zauk, N.,
Ribeiro, C. L. G., & Da Silva, R. R. (2004). Performance and carcass traits of broilers
fed diets containing yeast extract (NuProⓇ™). 6th Proceeding Australian Poultry
Symposium (pp. 77–79). Sydney, NSW, Australia.

Sanderson, I. R., & Youping, H. E. (1994). Nucleotide uptake and metabolism by intestinal
epithelial cells. The Journal of Nutrition, 124, 131–137. https://doi.org/10.1093/jn/
124.suppl_1.131S.

SAS, Institute, (2004). VSAS User's Guide: Statistics. SAS/STAT 9.1.SAS Institute, Cary,
NC, USA. https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_
ug_7313.pdf.

Sauer, N., Bauer, E., & Mosenthin, R. (2009). Dietary nucleotides: Potential contenders as
feed additive for monogastrics. Proceedings of the 18th international scientific sympo-
sium on nutrition of domestic animals (pp. 173–184). Radenci, Slowenia.

Sauer, N., Eklund, M., Roth, S., Rink, F., Jezierny, D., Bauer, E., & Mosenthin, R. (2012a).
Short-term effect of dietary yeast nucleotide supplementation on small intestinal
enzyme activities, bacterial populations and metabolites and ileal nutrient digest-
ibilities in newly weaned pigs. Journal of Animal Physiology and Animal Nutrition, 96,
700–708. https://doi.org/10.1111/j.1439-0396.2011.01198.x.

Schneeberger, E. E., & Lynch, R. D. (2004). The tight junction: A multifunctional complex.
American Journal of Physiology-Cell Physiology, 286, C1213–C1228. https://doi.org/
10.1152/ajpcell.00558.2003.

Seifert, R., & Schultz, G. (1989). Involvement of pyrimidinoceptors in the regulation of
cell functions by uridine and by uracil nucleotides. Trends in Pharmacological.
Sciences, 10, 365–369. https://doi.org/10.1016/0165-6147(89)90009-6.

Superchi, P., Saleri, R., Borghetti, P., De Angelis, E., Ferrari, L., Cavalli, V., Amicucci, P.,
Ossiprandi, M. C., & Sabbioni, A. (2012). Effects of dietary nucleotide supple-
mentation on growth performance and hormonal and immune responses of piglets.
Animal : An International Journal of Animal Bioscience, 6, 902–908. https://doi.org/10.
1017/S1751731111002473.

Swanson, K. S., Grieshop, C. M., Flickinger, E. A., Bauer, L. L., Healy, H. P., Dawson, K. A.,
Merchen, N. R., & Fahey, G. C., Jr. (2002). Supplemental fructooligosaccharides and
mannanoligosaccharides influence immune function, ileal and total tract nutrient
digestibilities, microbial populations and concentrations of protein catabolites in the
large bowel of dogs. The Journal of Nutrition, 132(5), 980–989. https://doi.org/10.
1093/jn/132.5.980.

Swiatkiewicz, S., Arczewska-Wlosek, A., & Jozefiak, D. (2014). Immunomodulatory ef-
ficacy of yeast cell products in poultry: A current view.World's Poultry Science Journal,
70(1), 57–68. https://doi.org/10.1017/S0043933914000051.

Tanaka, R., & Mutai, M. (1980). Improved medium for selective isolation and enumera-
tion of Bifidobacterium. Applied and Environmental Microbiol, 40, 866–869. https://
www.ncbi.nlm.nih.gov/pubmed/7447440.

Thanissery, R., McReynolds, J. L., Conner, D. E., Macklin, K. S., Curtis, P. A., & Fasina, Y.
O. (2010). Evaluation of the efficacy of yeast extract in reducing intestinal Clostridium
perfringens levels in broiler chickens. Poultry Science, 89, 2380–2388. https://doi.org/
10.3382/ps.2010-00879.

Timbermont, L., Lanckriet, A., Gholamiandehkordi, A. R., Pasmans, F., Martel, A.,
Haesebrouck, F., Ducatelle, R., & Van Immerseel, F. (2009). Origin of Clostridium
perfringens isolates determines the ability to induce necrotic enteritis in broilers.
Comparative Immunology, Microbiology and Infectious Diseases, 32, 503–512. https://
doi.org/10.1016/j.cimid.2008.07.001.

Tukey, J. (1991). The philosophy of multiple comparisons. Statistical Science, 6, 100–116.
https://projecteuclid.org/euclid.ss/1177011945.

Uauy, R. (1994). Nonimmune system responses to dietary nucleotides. The Journal of
Nutrition, 124, 157S–159S. https://doi.org/10.1093/jn/124.suppl_1.157S.

Uauy, R. D., Birch, D. G., Birch, E. E., & Uauy, R. (1990). Effect of dietary omega-3 fatty
acids on retinal function of very-low-birth-weight neonate. Pediatric Research, 28,
485–492. https://doi.org/10.1203/00006450-199011000-00014.

Ulluwishewa, D., Anderson, R. C., McNabb, W. C., Moughan, P. J., Wells, J. M., & Roy, N.
C. (2011). Regulation of tight junction permeability by intestinal bacteria and dietary
components. The Journal of Nutrition, 141, 769–776. https://doi.org/10.3945/jn.110.
135657.

Uni, Z. (1999). Functional development of the small intestine: Cellular and molecular
aspects. Poultry and Avian Biology Reviews, 10, 167–179.

Wu, C., Yang, Z., Song, C., Liang, C., Li, H., Chen, W., Lin, W., & Xie, Q. (2018). Effects of
dietary yeast nucleotides supplementation on intestinal barrier function, intestinal
microbiota, and humoral immunity in specific pathogen-free chickens. Poultry science,
97(11), 3837–3846. https://doi.org/10.3382/ps/pey268.

Yamamoto, S., Wang, M. F., Adjei, A. A., & Ameho, C. K. (1997). Role of nucleotides and
nucleosides in the immune system, gut reparation after injury, and brain function.
Nutrition, 13, 372–374. https://doi.org/10.1016/s0899-9007(96)00376-0.

Yamauchi, K., Adjei, A. A., Ameho, C. K., Sato, S., Okamoto, K., Kakinohana, S., &
Yamamoto, S. (1998). Nucleoside-nucleotides mixture increases bone marrow cell
number and small intestine RNA content in protein deficient mice after an acute
bacterial infection. Nutrition, 14, 270–275. https://doi.org/10.1016/s0899-9007(97)
00469-3.

Yason, C. V., Summers, B. A., & Schat, K. A. (1987). Pathogenesis of rotavirus infection in
various age groups of chickens and turkeys: Pathology. American Journal of Veterinary
Research, 6, 927–938. https://www.ncbi.nlm.nih.gov/pubmed/3605809.

Yegani, M., & Korver, D. (2008). Factors Affecting Intestinal Health in Poultry. Poultry
Science, 87(10), 2052–2063. https://doi.org/10.3382/ps.2008-00091.

Young, R., & Craig, A. (2001). The use and misuse of antibiotics in UK agriculture—Part 3.
Residues of dangerous drugs in intensively produced chicken meat and eggs. Soil
Association, Bristol, UK. https://www.soilassociation.org/media/4937/policy_
report_2001_too_hard_swallow.pdf.

Yu, V. Y. (1998). The role of dietary nucleotides in neonatal and infant nutrition.
Singapore Medical Journal, 39(4), 145–150. https://www.ncbi.nlm.nih.gov/pubmed/
9676143.

Yuan, J., Guo, Y., Yang, Y., & Wang, Z. (2007). Characterization of fatty acid digestion of
Beijing Fatty and Arbor Acres Chickens. Asian-Australasian Journal of Animal Sciences,
20(8), 1222–1228. https://doi.org/10.5713/ajas.2007.1222.

Yuan, J. S., Reed, A., Chen, F., & Stewart, C. N. (2006). Statistical analysis of real-time
PCR data. BMC Bioinformatics, 7(1), 85. https://doi.org/10.1186/1471-2105-7-85.

Zeinali, S., Ghazanfari, S., & Ebrahimi, M. A. (2017). Mucin2 gene expression in the
chicken intestinal goblet cells are affected by dietary essential oils. Bulgarian Journal
of Agricultural Science, 23, 134–141. https://www.researchgate.net/publication/
315487151.

Cobb. (2018). Broiler management guide. Retrieved fromhttps://cobbstorage.blob.core.
windows.net/guides/5fc96620-0aba-11e9-9c88-c51e407c53ab.

F.F. Mohamed, et al. Veterinary and Animal Science 10 (2020) 100130

9

https://doi.org/10.3177/jnsv.45.173
https://doi.org/10.1128/CVI.00406-09
https://doi.org/10.1128/CVI.00406-09
https://www.ncbi.nlm.nih.gov/pubmed/6192234
https://www.ncbi.nlm.nih.gov/pubmed/6192234
https://doi.org/10.1016/j.jnutbio.2014.10.005
https://doi.org/10.1080/03079457.2012.684089
https://doi.org/10.1080/03079457.2012.684089
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0040
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0040
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0040
http://hera.ugr.es/doi/15090851.pdf
https://doi:10.1016/j.livsci.2007.01.099
https://doi:10.1016/j.livsci.2007.01.099
https://doi.org/10.2527/2004.8251339x
https://doi.org/10.2527/2004.8251339x
https://doi.org/10.1079/WPS200593
https://doi:10.1093/ps/83.12.1948
https://doi:10.1093/ps/83.12.1948
https://doi.org/10.3382/ps/pev035
https://doi.org/10.1016/j.rvsc.2005.10.006
https://doi.org/10.1016/j.rvsc.2005.10.006
https://doi:10.1093/jn/125.6.1413
https://doi.org/10.1637/7955-022307-Reg
http://www.scielo.br/pdf/rbca/v12n1/v12n1a04.pdf
http://www.scielo.br/pdf/rbca/v12n1/v12n1a04.pdf
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0051
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0051
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0051
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0051
https://doi.org/10.1093/jn/124.suppl_1.131S
https://doi.org/10.1093/jn/124.suppl_1.131S
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_ug_7313.pdf
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_ug_7313.pdf
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0053
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0053
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0053
https://doi.org/10.1111/j.1439-0396.2011.01198.x
https://doi.org/10.1152/ajpcell.00558.2003
https://doi.org/10.1152/ajpcell.00558.2003
https://doi.org/10.1016/0165-6147(89)90009-6
https://doi.org/10.1017/S1751731111002473
https://doi.org/10.1017/S1751731111002473
https://doi.org/10.1093/jn/132.5.980
https://doi.org/10.1093/jn/132.5.980
https://doi.org/10.1017/S0043933914000051
https://www.ncbi.nlm.nih.gov/pubmed/7447440
https://www.ncbi.nlm.nih.gov/pubmed/7447440
https://doi.org/10.3382/ps.2010-00879
https://doi.org/10.3382/ps.2010-00879
https://doi.org/10.1016/j.cimid.2008.07.001
https://doi.org/10.1016/j.cimid.2008.07.001
https://projecteuclid.org/euclid.ss/1177011945
https://doi.org/10.1093/jn/124.suppl_1.157S
https://doi.org/10.1203/00006450-199011000-00014
https://doi.org/10.3945/jn.110.135657
https://doi.org/10.3945/jn.110.135657
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0067
http://refhub.elsevier.com/S2451-943X(20)30043-0/sbref0067
https://doi.org/10.3382/ps/pey268
https://doi.org/10.1016/s0899-9007(96)00376-0
https://doi.org/10.1016/s0899-9007(97)00469-3
https://doi.org/10.1016/s0899-9007(97)00469-3
https://www.ncbi.nlm.nih.gov/pubmed/3605809
https://doi.org/10.3382/ps.2008-00091
https://www.soilassociation.org/media/4937/policy_report_2001_too_hard_swallow.pdf
https://www.soilassociation.org/media/4937/policy_report_2001_too_hard_swallow.pdf
https://www.ncbi.nlm.nih.gov/pubmed/9676143
https://www.ncbi.nlm.nih.gov/pubmed/9676143
https://doi.org/10.5713/ajas.2007.1222
https://doi.org/10.1186/1471-2105-7-85
https://www.researchgate.net/publication/315487151
https://www.researchgate.net/publication/315487151
https://cobbstorage.blob.core.windows.net/guides/5fc96620-0aba-11e9-9c88-c51e407c53ab
https://cobbstorage.blob.core.windows.net/guides/5fc96620-0aba-11e9-9c88-c51e407c53ab

	The impact of exogenous dietary nucleotides in ameliorating Clostridium perfringens infection and improving intestinal barriers gene expression in broiler chicken
	Introduction
	Materials and methods
	Nucleotide characteristics
	Experimental design
	Challenge model and preparation of C. perfringens inoculum
	Sampling for intestinal contents, tissue samples, and lesion score
	Determination of intestinal C. perfringens concentration
	Microscopic lesion score of C.perfringens
	RNA isolation and quantitative real-time polymerase chain reaction for occludin and mucin mRNA expression
	Intestinal histomorphology and goblet cell histochemistry
	Performance parameters
	Statistical analysis

	Results
	Intestinal C. perfringens type-A concentration and lesion scores
	Occludin and mucin (MUC2) mRNA expression
	Intestinal histomorphology and goblet cell number
	Performance parameters

	Discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgment
	mk:H1_23
	Ethical statement
	mk:H1_25
	References




