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Abstract
This study was conducted to investigate the effects of Glycyrrhiza uralensis polysaccharide (GUP) on intestinal flora

and intestinal barrier function of E. coli O78-induced intestinal damage in broilers. A total of 120 one-day-old male
broilers with similar initial body weights were obtained from a local breeding company and used in this study. Broilers
were randomly allocated to 5 treatments. The 5 treatment groups were as follows: 1) control group (broilers given a basal
diet); 2) Escherichia coli O78-challenged group (broilers given a basal diet and receiving intraperitoneal administration of
Escherichia col O78); 3) high-dose GUP group (broilers given a basal diet supplemented with 15 mg/kg GUP gavage and
receiving intraperitoneal administration of Escherichia coli O78); 4) medial-dose GUP group (broilers given a basal diet
supplemented with 10 mg/kg GUP gavage and receiving intraperitoneal administration of Escherichia coli O78); and 5)
low-dose GUP group (broilers given a basal diet supplemented with 5 mg/kg GUP gavage and receiving intraperitoneal
administration of Escherichia coli O78). Intestinal flora composition and detection of intestinal barrier function were
examined by intestinal histopathology analysis, ELISA analysis, 16S rDNA high-throughput sequencing and quantitative
real-time PCR (RT-PCR). The villous structure of the intestine was observed by intestinal histopathology analysis. The
contents of D-lactic acid (D-LA), diamine oxidase (DAO) and endotoxin in plasma were detected by ELISA. mRNA
expression levels of the tight junction (TJ) proteins were measured using RT-PCR. Our results suggested that the
intestinal walls of the model group were damaged. The villi were gradually restored after GUP treatment. ELISA showed
that the levels of plasma endotoxin, D-LA and DAO decreased in the GUP groups compared to those in the model group.
GUP treatment also increased the mRNA expression of ZO-1, occludin and claudin-1. High-throughput sequencing of
16S rDNA showed that GUP increased the diversity of intestinal flora, changed the microbial composition and increased
the Bacteroidetes/Firmicutes ratio. In conclusion, GUP treatment could improve the fecal microbiota composition and
repair intestinal barrier function. The study suggested that GUP may be used as a therapy for the treatment or prevention
of intestinal disease.
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INTRODUCTION
Balance of intestinal flora and integrity of

intestinal barrier function together promote host
health. Intestinal flora are not only involved in
the digestion of food and stimulate the immune
system but are also one of the three major
components of the intestinal barrier (the
symbiotic bacteria that inhabit the bacterial
surface, the epithelium formed by epithelial cells
and the intercellular connections and intestinal-
associated lymphoid tissue, including various

immune cells) (Cukrowska et al., 2017; Xue
et al., 2018). Intestinal flora can affect intestinal
permeability by regulating the fermentation and
absorption of polysaccharides in the feed.
Accordingly, intestinal barrier dysfunction leads
to rampant invasion of pathogenic bacteria, and
the synergistic effect of the two causes further
deterioration of intestinal diseases (Xiao et al.,
2018). Intestinal epithelial barrier homeostasis
is regulated by tight junction (TJ) proteins, such
as ZO-1, occludin, and claudin-1, which play
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vital roles in maintaining barrier function and
protecting the body from intestinal allergens,
toxins and pathogens. Recent studies have
shown that a variety of intestinal diseases are
related to intestinal flora disorders and are
associated with intestinal mucosal barrier
dysfunction (Wang et al., 2014; Ping et al.,
2015). Therefore, regulating the balance of
intestinal flora or restoring the balance of the
intestinal epithelial barrier internal environment
should be the most urgent and feasible strategies
to inhibit the occurrence of intestinal diseases.
Many studies have been conducted to identify
effective natural drug therapies that can cure
or prevent intestinal diseases by targeting an
immature intestinal barrier and intestinal flora
imbalance.

Pathogenic Escherichia coli infection can
destroy the structure of intestinal flora and
intestinal mucosa, leading to decreased
production performance and increased
mortality in poultry. Among the pathogenic
Escherichia coli in birds, serotype O78 is the
main strain causing Escherichia coli infection
(Wang et al., 2017). Its invasion not only affects
the balance of intestinal flora but also produces
endotoxin, which causes intestinal mucosal
damage, increases intestinal permeability, and
induces endotoxemia, systemic inflammatory
response and multiorgan system dysfunction
syndrome (Yongjun, 2008; Bian et al., 2016;).
Clinical symptoms include septicemia,
synovitis, peritonitis, granuloma, salpingitis,
balloon disease, and pulse inflammation.
Although clinical poultry Escherichia coli
disease can occur on its own, it can also occur
with other bacterial or viral diseases mixed
together making it difficult to diagnose and treat;
in addition, clinical poultry Escherichia coli
disease is a harm to the poultry industry and an
important disease to the poultry industry,
causing huge economic losses.

As a result, research on treatments derived
primarily from plant-based medicines such as
herbs and spices is attracting more interest
because these supplements are natural, perform
many beneficial functions, have minimal side

effects and have no resistance or residue (Yang
et al., 2019). In recent years, studies have
shown that Chinese medicine polysaccharides
regulate and protect the intestinal flora and the
intestinal mucosal barrier function (Wang et al.,
2015). For example, ginseng neutral
polysaccharides can promote the repair of
intestinal structures in AAD mice, regulate the
composition and diversity of intestinal flora in
mice, and achieve the role of rebuilding
intestinal microecology (Qi et al., 2019). The
polysaccharides of Radix Codonopsis can
promote growth, regulate the balance of
intestinal microecology and improve immune
function (Li et al. ,  2017). The total
polysaccharides in Sijunzi decoction can reduce
the barrier function of intestinal epithelial cells
induced by tumor necrosis factor-kappa B (Yue
et al. ,  2018). Dendrobium candidum
polysaccharide can protect the intestinal
mucosal barrier by reducing the loss of zonula
occludens-1 (ZO-1) and occludin in adjacent
tissues (Jian et al. ,  2019). Glycyrrhiza
polysaccharide can fight inflammation (Zhao
et al., 2015) and oxidation (Liao et al., 2015),
has antisepsis and antivirus (Lirong et al., 2011),
and tumor-fighting abilities (Li et al., 2016), and
can improve immune function and inhibit
bovine AIDS virus, adenovirus type (AdV) and
coxsackievirus (CBV3) (Zhu et al.,  2018).
However, the effect of GUP on intestinal flora
and intestinal barrier function of intestinal
impaired broilers is unclear. In this study, 16S
rDNA high-throughput sequencing technology
was used to study the regulation of intestinal
flora in broilers with intestinal damage induced
by E. coli O78 after Glycyrrhiza uralensis
polysaccharide (GUP) gavage. The effect of
polysaccharides on intestinal barrier function
was also observed.

MATERIALS AND METHODS
Glycyrrhiza uralensis  polysaccharide

(GUP) was extracted from Shihezi University
Chinese Traditional Veterinary Laboratory
(Lian et al., 2018).

The Escherichia coli O78 standard strain
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was placed in a nutrient broth at 37°C for 30 h,
and a small amount of inoculation was removed
for expansion. A bacterial plate (LB medium)
was placed at 37°C for 24 h under aerobic
conditions, and the concentration of the solution
was determined. The concentration was
adjusted to 1.0×109 CFU/mL. The pretest
showed that the challenge dose was 1.0×106

CFU/mL, and the reconstituted E. coli O78
standard strain was diluted to 1.0×106 CFU/mL;
the average dosage was 1 mL per chicken for
14-16 days (Yongjun, 2008; Hou et al., 2018).

The animal use experimental procedures
involve in this study were approved by the
Animal Care and Use Committee of Shihezi
University. A total of 120 one-day-old male
broilers with similar initial body weights were
obtained from a local breeding company and
used in this study. Broilers were randomly
allocated to 5 treatments. The 5 treatment
groups were as follows: 1) control group
(broilers given a basal diet); 2) Escherichia coli
O78-challenged group (broilers given a basal
diet and receiving intraperitoneal administration
of Escherichia coli O78); 3) high-dose GUP
group (broilers given a basal diet supplemented
with 15 mg/kg GUP gavage and receiving
intraperitoneal administration of Escherichia
coli O78); 4) medial-dose GUP group (broilers
given a basal diet supplemented with 10 mg/kg
GUP gavage and receiving intraperitoneal
administration of Escherichia coli O78); and
5) low-dose GUP group (broilers given a basal
diet supplemented with 5 mg/kg GUP gavage
and receiving intraperitoneal administration of
Escherichia coli O78). All birds were housed
in a temperature- and light-controlled room with
artificial light and ad libitum access to mash
feed and fresh water during the entire
experimental period. Meanwhile, the brooding
temperature was maintained at 32 to 35°C for
7 days and then gradually decreased by 1°C
every 2 days until a final temperature of 22°C
was reached at day 21. In addition, all birds
were vaccinated according to a routine
immunization program. All  birds were
inoculated with an inactivated infectious bursal

disease vaccine on days 7 and 21 and with an
infectious bursa disease vaccine on day 14.
Antimicrobial and anticoccidial drugs were not
added to the basal diet, which was formulated
per the National Research Council to meet the
nutritional requirements of broilers.

On the 8th and 15th days after drug
administration, 6 broilers were taken from each
group. Blood was collected and placed at room
temperature for 1h and centrifuged at 3000
r/min for 10 min in a freezing centrifuge; the
supernatant was removed and stored in a
refrigerator at -20°C for testing. The small
intestine was collected and stored in 4% neutral
paraformaldehyde fixative for paraffin section
production. The proximal end of the cecum was
tied tightly with rope; the cecum was cut at the
ligation si te and placed into a steril ized
prelabeled 5 mL EP, which was immediately
placed into liquid nitrogen (or quickly placed
into the -20°C refrigerator and immediately
stored in the -80°C refrigerator), and sent to the
testing company for 16S rDNA sequencing and
analysis of intestinal flora changes. The small
intestine segment was placed in RNA
preservation solution (Beijing Baitech
Biotechnology Co., LTD.) and stored at -80°C
to determine the mRNA expression of intestinal
tight junction proteins (ZO-1, claudin-1,
occludin).

ELISA assay: The levels of plasma endotoxin,
diamine oxidase (DAO) and D-lactic acid (D-
LA) were measured using test kits (Shanghai
Lanji Biotechnology Co., LTD) according to
the manufacturer’s instructions.

16S rDNA high throughput sequencing:
Microbial diversity was based on the Illumina
HiSeq sequencing platform, and the paired end
sequencing method was used to construct a
small fragment library for sequencing. Read
assembly, filtering, OTU (operational
taxonomic unit) clustering,  and species
annotation and abundance analysis can reveal
the species composition of samples. Further
alpha diversity, beta diversity and  significant
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species diversity analyses were carried out to
explore the differences between samples.

The fecal microbiomes for 60 fecal samples
collected from six animals in the control group,
model group, high-dose GUP group, medial-
dose GUP group and low-dose GUP group were
examined using 16S rDNA gene sequencing
by Beijing Baimaike Biotechnology Co. LTD.
Total genomic DNA was extracted with a
QIAamp DNA Stool Mini Kit (QIAGEN,
Germany) according to the manufacturer’s
instructions. The DNA concentration and purity
were tested by a Qubit 2.0 DNA test kit (Life
Technologies, USA) and 1% agarose gel
electrophoresis. DNA was stored at -20°C until
further processing. The general primers 338F
(5'- ACTCCTACGGGAGGCAGCA-3') and
806R (5'- GGACTACHVGGGTWTCTAAT-3')
were used to amplify the V3-V4 hypervariable
regions of the bacterial 16S rDNA for the
Illumina MiSeq sequencing platform. Each PCR
product was quantified and gradually diluted
to obtain a stock solution at 1 g/mL.

PCR amplification products were purified,
quantified and homogenized to form a
sequencing library. The established library was
first tested, and the qualified library was
sequenced by Illumina HiSeq 2500.  The
original image data files obtained by high-
throughput sequencing (such as Illumina HiSeq
and other sequencing platforms) were
transformed with sequenced reads by base
calling analysis, and the results were stored in
FASTQ (referred to as fq) file format, which
contained sequence information of sequencing
sequences (reads) and their corresponding
sequencing quality information.

Data preprocessing: According to the overlap
relation between PE reads, the double-end
sequence data obtained from HiSeq sequencing
were merged into one sequence tag, and quality
control and filtration of reads were
conducted.The three main steps were as follows:
1) PE reads assembly: FLASH v1.2.7 software

was used to overlap the reads of each
sample, and the assembled sequence

obtained was called Raw Tags data.
2) Tag filtering: Trimmomatic v0.33 software

was used to filter the assembled Raw Tags
and obtain Clean Tags.

3) Chimera removal: UCHIME v4.2 software
was used to identify and remove chimera
sequences and obtain the final effective
tags.
Information analysis content: OTU,

diversity and difference analyses were
conducted (see analysis results for details).

Quantitative Real-time PCR: Total RNA was
extracted from chicken intestine tissues. The
chicken intestinal tissue samples were ground
with liquid nitrogen and extracted with a
TransZol Up Plus RNA Kit. RNA concentration
was determined by Nanodrop; 1 L RNA was
taken, diluted 5 times, and analyzed by
electrophoresis with a 1.5% agarose gel. Next,
cDNA was generated from each total RNA
sample with a TransScript II All-in-One First-
Strand cDNA Synthesis SuperMix for qPCR
(One-Step gDNA Removal) PrimeScript RT
reagent kit (TaKaRa, China). The reverse
transcription reaction system and conditions
were as follows Table 1. The primer sequences
used are listed in Table 2 and qPCR reaction
system and conditions of cDNA on Table 3.
The levels of tight junction protein mRNA were
detected with a Bio-Rad CFX96 Real-Time
System (Bio-Rad, USA).

Statistical Analysis: Data are expressed as the
mean ± standard deviation. Data were analyzed
using SPSS v 17.0. Statistical significance was
determined by one-way analysis of variance
(ANOVA). Differences between two groups
were analyzed by Tukey’s test. Statistical
significance was set at P<0.05.

RESULTS
Effect of Glycyrrhiza uralensis

polysaccharide on intestinal mucosal barrier
function in chickens: The indicators of intestinal
mucosal barrier function in the plasma of
chickens were consequently measured. ELISA
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Table 1. Reverse transcription reaction system of RNA (20 uL)

Reagent

Total RNA

5×TS II All-in-One SuperMix for qPCR

gDNA Remover

RNase-free Water

System

1 g

4 L

1 L

Up to 20 L

Conditions

Reverse: 55°C 30 min

Reverse: 85°C 5 s

After the reaction, add 80 µL RNase-free

water to dilute the cDNA

Table 2. Primers used for quantitative RT-PCR of mucosal barrier function

Target
gene

β-Actin

ZO-1

Claudin-1

Occludin

Accession
number

NM_205518.1

XM_015278981.2

NM_001013611.2

NM_205128.1

         Primer sequence 52’-32’

F:ACCGCAAATGCTTCTAAACC
R:ATAAAGCCATGCCAATCTCG

F:CAACGTAGTTCTGGCATTATTCG
R:GGGCACAGCCTCATTCTCAT

F:TGGAGGATGACCAGGTGAAG
F:TGGAGGATGACCAGGTGAAG

F:AGACGCGCAGTAAGATCTGG
R:GGGCTTCTCCGAGTAGGCAA

Annealing
temperature/°C

59

60

60

60

Products
length/bp

104

188

137

161

Table 3. qPCR reaction system and conditions of cDNA

Reagent

Forward Primer(10 M)

Reverse Primer(10 M)

2 ×TransStart Top Green qPCR SuperMix

Template(cDNA)

ddH2O to final volume

System

0.4 L

0.4 L

10 L

2 L

20 L

Conditions of qPCR

Predenaturation at 94°C for 30s
Denaturation at 94°C for 5s
Annealing at 60°C for 30s
72°C extended 10s
40 cycles Draw Dissociation Stage

data showed that the levels of plasma
endotoxin, DAO and D-LA in chickens of the
model group were significantly higher than
those in chickens of the control group on the
8th day and the 15th day after administration
(P<0.05). The levels of endotoxin, DAO and
D-LA in the different GUP group were all
significantly reduced compared with the model
group on the 8th day and the 15th day after
administration (P<0.05). As the dose of GUP
increased from 5 to 10 mg/kg the content of
endotoxin,  DAO and D-LA decreased,
especially when the supplemental dose of GUP
was 10 mg/kg bw·d (medial-dose GUP group).

The content of endotoxin, DAO and D-LA was
close to the control group on the 8th day and
the 15th day after administration. These results
indicated that GUP could facilitate injury to
intestinal barrier function (Table 4).

16S rDNA high throughput sequencing
analysis: The analysis of the molecular ecology
of fecal flora was performed by 16S rDNA high
throughput sequencing. Six samples from
different groups were examined.

OTU clustering and annotation: The trimmed
and assembled sequences were clustered at 97%
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Table 4. Effects of GUP on serum diamine oxidase activity, D-LA concentration and endotoxin
content of broilers challenged with E. coli O78

Group project

Model group

Control group

Low-dose
GUP group

Medial-dose
GUP group

High-dose
GUP group

Endotoxin DAO D-LA Endotoxin DAO D-LA
On the 8th day after administration On the 15th day after administration

70.36±7.30a 20.97±2.00a 56.20±5.91a 73.87±6.63a 21.62±3.32a 58.75±6.49a

43.28±8.74d 15.58±2.37bc 38.09±3.49c 42.35±9.03cd 15.06±2.28bc 38.95±2.39c

61.16±6.16b 17.89±0.96b 48.19±4.82b 59.25±6.26b 16.84±2.27b 45.92±3.06b

52.74±5.49c 16.09±2.30b 39.58±5.60c 49.82±7.17c 16.00±2.44b 37.04±6.62c

42.97±2.35d 14.50±2.04c 35.70±2.55c 35.34d±2.05d 12.12±3.00c 32.49±3.38c

The lower case of the same word on the shoulder of the same column means that the difference is not significant
(P>0.05), and the different letters indicate that the difference is significant (P<0.05)

similarity by calling uclust  from QIIME.
According to the obtained abundance matrix
of OTUs, the number of OTUs in each group
was calculated using R software, and the
proportions for shared and unique OTUs were
intuitively shown in a Venn diagram. The total
OTUs obtained in each group were as follows:
There were 513 shared OTUs among the five
groups on the 8th day after administration and
516 shared OTUs among the five groups on
the 15th day after administration. The OTUs of
the low-dose GUP, medial-dose GUP, high-
dose GUP, control and model groups were 545,
551, 542, 531 and 533, respectively, and the
unique OTUs of the low-dose GUP, medial-
dose GUP, high-dose GUP, control and model
groups were 3, 5, 4, 1 and 0, respectively, on
the 8th day after administration (Fig. 2a). The
OTUs of the low-dose GUP, medial-dose GUP,
high-dose GUP, control and model groups were
540, 547, 543, 540 and 547, respectively, and
the unique OTUs of the low-dose GUP, medial-
dose GUP, high-dose GUP, control and model
groups were 3, 3, 4, 3, 3, respectively, on the
15th day after administration (Fig.1b).

Alpha diversity reflects the individual
sample species abundance, richness and species
diversity; there are numerous indexes: Chao1,
Ace, Shannon, and Simpson. Chao1 and Ace

indexes measure the species abundance of the
number of species. Shannon and Simpson
indexes are used to measure species diversity
and are affected by species abundance and
community evenness in sample communities.
In the case of the same species abundance, the
greater the evenness of each species in the
community, the greater the diversity of the
community, the greater the Shannon index
value, and the smaller the Simpson index value,
indicating a higher species diversity of the
sample.

As shown in Fig. 2a, Fig. 2b, the species
richness (Chao, ACE) was higher in the caeca
of broilers fed GUP than in those of the model
group, which indicated that more bacterial
species were detected in the GUP group on the
8th day after administration. The community
diversity (Shannon, Simpson) was higher in the
GUP group on the 15th day after administration
(Fig. 3c, Fig. 3d).

Beta diversity analysis is shown in Fig. 5a and
Fig. 5b. It can compare the differences in species
diversity. The nonmetric multidimensional
calibration method (metricmetric, metricbar and
dimensional scalingnmds) is a kind of sorting
method suitable for ecological research and is used
mainly to simplify the study object (sample or
variable) of multidimensional space to the low
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dimensional space for positioning, analysis and
classification while also retaining the data
analysis method of the original relationship
between objects. Similar to PCA or PCoA the
distribution of the sample can be seen in the
group intergroup.

The results of the NMDS analysis are shown
in Fig. 5, different colors represent different
groups, and the distance between points
indicates the difference. When the stress is less
than 0.2, the NMDS analysis shows that the
NMDS analysis has certain reliability, and the
closer the distance is, the higher the similarity.
The results of NMDS (stress = 0.1377) showed
that the distribution of microorganisms in the
five groups on the 8th day was different, and
the difference was most significant in the
medium-dose group compared with the other
groups (Fig. 4a). The NMDS (stress = 0.1314)
results showed similar microorganism
distributions in the five groups on the 15th day
(Fig. 4b).The distribution was evidently
different, although a few samples overlapped,
in the five groups on the 8th day compared with
the five groups on the 15th day. Thus, we may
conclude that GUP could promote intestinal
microbial diversity on the eighth day after
administration, and the effect was best in the
medium dose group.

Phylum-level microbiota analysis showed
that Bacteroidetes and Firmicutes were the two
most dominant phyla (Fig. 5). Cluster analysis
revealed that Bacteroidetes and Firmicutes
comprised the main phyla in each group, but
the composition was different. The abundances
of Bacteroidetes in the high-dose GUP, medial-
dose GUP and low-dose GUP treatment groups
were 7.73%, 35.78% and 11.74%, respectively,
and significantly higher than those in the control
and model groups (5.03% and 0.07%,
respectively) on the 8th day after administration.
The abundance of Faecalibacterium in the model
group was 17.63%, which was higher than that
in the control group (15.63%). The abundance
of Faecalibacterium in the high-dose GUP,
medial-dose GUP and low-dose GUP groups
was 17.63%, 5.23% and 13.84%, respectively,

and the medial-dose and low-dose groups were
significantly lower than the model group
(17.12%). The abundance ratios of
Bacteroidetes/Firmicutes in the high-dose GUP,
medial-dose GUP and low-dose GUP groups
were 0.44, 6.84, 0.85, respectively, which were
higher than those in the control and model
groups (0.32 and 0.0041, respectively, P<0.05)
on the 8th day after administration (Fig. 5a).

The abundances of Bacteroidetes in the
high-dose GUP, medial-dose GUP and low-
dose GUP groups were 41.73%, 39.48% and
31.79%, respectively, which were higher than
that in the model group (26.08%) on the 15th

day after administration. The abundances of
Faecalibacterium in the high-dose GUP, medial-
dose GUP and low-dose GUP groups were
10.70%, 9.18% and 12.42%, respectively, and
low compared with the those of the control and
model groups (12.39% and 13.93%,
respectively). The abundance ratios of
Bacteroidetes / Firmicutes in the high-dose GUP,
medial-dose GUP and low-dose GUP groups
were 3.9, 4.30 and 2.56, respectively, which
were higher than those in the control and model
groups (3.51 and 1.87, respectively, P<0.05)
on the 15th day after administration (Fig. 5b).
Analysis of the composition of bacteria at the
phylum level is shown in Fig. 7. Cluster analysis
revealed that Bacteroidetes and Firmicutes
comprised the main phyla in each group, but
the composition was different (Fig. 6). The
abundances of Bacteroidetes in the high-dose
GUP, medial-dose GUP and low-dose GUP
groups were 7.74%, 35.80% and 11.76%,
respectively, which was higher than those in
the control and model groups (5.03% and
0.07%, respectively) on the 8th day after
administration. The abundance of
Faecalibacterium in the model group was
95.93%, which was higher than that in the
control group (90.06%). The abundance ratios
of the Bacteroidetes/Firmicutes in the high-dose
GUP, medial-dose GUP and low-dose GUP
groups were 0.09, 0.57 and 0.14, respectively,
which were higher than those in the control and
model groups (0.06 and 0.00073, respectively,

Effects of refined Glycyrrhiza uralensis on gut health of broilers 189











P< 0.05) on the 8th day after administration (Fig.
6a).

The abundances of Bacteroidetes in the
high-dose GUP, medial-dose GUP and low-
dose GUP groups were 42.43%, 39.89% and
33.08%, respectively, which were higher than
that in the model group (26.23%) on the 15th

day after administration. The abundance of
Faecalibacterium in the model group was
72.18%, which was higher than that in the
control group (55.12%). The abundance ratios
of Bacteroidetes/Firmicutes in the high-dose
GUP, medial-dose GUP and low-dose GUP
groups were 0.74, 0.76 and 0.50, respectively,
which were higher than that in the model group
(0.36, P<0.05) on the 15 th day after
administration (Fig. 6b).

Effect of Glycyrrhiza uralensis polysaccharide
on the expression of tight junction proteins:
To further evaluate the intestinal mucosal
barrier function, the expression of the tight
junction proteins in the jejunal tissue of

chickens was determined by qPCR. The data
(Fig. 7) showed that  the levels of ZO-1,
occludin, and claudin-1 in chickens of the model
group were significantly lower than those in
chickens of the control group on the 8th day
and the 15th day after administration (P<0.05).
The levels of ZO-1, occludin and claudin-1 in
chickens of different GUP groups were all
increased compared with those of the model
group on the 8th day after administration. On
the 8th day after administration the medium-
dose group showed significant differences in
the expression of ZO-1, occludin and claudin-
1 and the high-dose group also showed
significant differences in the expression of
occludin (Fig. 7b). On the 15th day after
administration, the ZO- 1 expression in chickens
of the low-dose GUP and medial-dose GUP
groups was significantly increased (Fig. 7a).
The expression of occludin in chickens of the
medial-dose GUP group was significantly
increased (Fig. 7b).
DISCUSSION

Schedule 1. Relative abundance of intestinal flora in each group at the genus level

GenusGroup

On the 8th day after administration

Bacteroides

Faecalibacterium

uncultured_bacterium_f_Lachnospiraceae

uncultured_bacterium_f_Ruminococcaceae

Ruminococcaceae_UCG-014

uncultured_bacterium_f_Clostridiales_
vadinBB60_group

Lactobacillus

Blautia

[Ruminococcus]_torques_group

Ruminiclostridium_9

Others

On the 15th day after administration
Bacteroides

Model Control High- Medial- Low-
group group dose GUP dose GUP dose GUP

group group group

0.07% 5.03% 7.73% 35.78% 11.74%
17.12% 15.63% 17.63% 5.23% 13.84%
7.68% 5.89% 7.52% 5.38% 7.57%
5.90% 8.48% 6.33% 5.13% 6.81%
8.56% 7.01% 6.33% 4.98% 5.25%
7.27% 7.19% 5.62% 4.76%, 6.40%

6.52% 5.14% 7.27% 3.94% 1.55%
7.14% 3.97% 4.47% 4.32% 4.23%
3.02% 5.77% 4.42% 4.53% 5.84%
1.68% 1.89% 2.85% 2.84% 3.19%
36.53% 32.50% 29.84% 23.12% 33.57%

26.08% 43.49% 41.73% 39.48% 31.79%
Cont. Schedule 1.
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Schedule 1., Cont. ...

Faecalibacterium

Lactobacillus

uncultured_bacterium_f_Lachnospiraceae

Blautia

[Ruminococcus]_torques_group

uncultured_bacterium_f_Ruminococcaceae

uncultured_bacterium_f_Clostridiales_
vadinBB60_group

Ruminococcaceae_UCG-014

Ruminiclostridium_5

Others

13.93% 12.39% 10.70% 9.18% 12.42%
12.94% 3.98% 5.82% 2.95% 7.81%
6.53% 7.42% 6.14% 5.64% 5.55%
4.44% 4.53% 5.84% 3.16% 7.79%
3.06% 3.49% 3.46% 3.23% 4.73%
3.76% 1.92% 2.84% 5.54% 3.12%
3.76% 2.47% 3.35% 2.69% 2.70%

4.36% 2.36% 1.32% 1.97% 2.33%
1.64% 0.95% 1.03% 2.00% 1.30%
21.06% 15.46% 17.76% 24.14% 20.45%

Model Control High- Medial- Low-
group group dose GUP dose GUP dose GUP

group group group

GenusGroup

Schedule 2. Relative abundance of intestinal flora in each group of samples at the phylum level

Model Control High- Medial- Low-
group group dose GUP dose GUP dose GUP

group group group

95.93% 90.06% 89.05% 62.58% 82.49%

0.07% 5.03% 7.74% 35.80% 11.76%

1.37% 2.32% 1.89% 0.22%, 4.17%

2.02% 2.34% 1.08% 1.13% 1.36%

0.47% 0.19% 0.15% 0.12% 0.11%

0.11% 0.04% 0.04% 0.11% 0.06%

0.02% 0.01% 0.04% 0.04% 0.04%

0.00% 0.00% 0.01% 0.01% 0.00%

0.00% 0.00% 0.00% 0.00% 0.00%

72.18% 55.12% 57.03% 52.65% 65.54%

26.23% 43.56% 42.43% 39.89% 33.08%

0.22% 0.00% 0.00% 5.80% 0.00%

1.02% 0.39% 0.33% 0.68% 0.90%

0.17% 0.78% 0.03% 0.75% 0.26%

0.16% 0.13% 0.14% 0.19% 0.15%

0.03% 0.02% 0.02% 0.03% 0.04%

0.01% 0.00% 0.01% 0.00% 0.03%

0.00% 0.00% 0.00% 0.00% 0.00%

Phylum Group

On the 8th day after administration
Firmicutes
Bacteroidetes
Proteobacteria
Tenericutes
Actinobacteria
Cyanobacteria
Verrucomicrobia
Epsilonbacteraeota
Deferribacteres
On the 15th day after administration
Firmicutes
Bacteroidetes
Epsilonbacteraeota
Tenericutes
Proteobacteria
Actinobacteria
Verrucomicrobia
Cyanobacteria
Deferribacteres
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There are tens of millions of microorganisms
in the intestines of animals, collectively referred
to as gut microbiota. The gastrointestinal tract is
constantly exposed to our diet, and commensal
bacteria and xenobiotics all have an effect on
host physiology (Li et al., 2016). In health, the
function of the gastrointestinal microbiome may
be considered to be in dynamic equilibrium with
the host, which plays both local and remote roles
(Díaz Carrasco et al. ,  2018). However,
“disequilibrium” may lead to various intestinal
diseases. Risk factors for various intestinal
diseases include not only changes in the
microbiota but also incomplete intestinal barrier
function and intestinal hypoxia/ischemia (Zhang
et al., 2018).

This study investigated the effect of GUP
on the intestinal flora structure and intestinal
epithelial barrier function of broilers after E. coli
O78 infection. The results of pathological
section (Fig. 1) after dietary GUP
supplementation revealed that  the
morphological structure of the small intestinal
villus improved. The intestinal wall  was
complete, and the structure was clear. This result
suggested that GUP could restore the damaged
mucosa to some degree.

Many studies have shown that as the
diversity of intestinal microorganisms in animals
increases, and the incidence of intestinal
diseases (Cukrowska et al., 2017), such as
enteritis, severe acute pancreatitis, will be
reduced. The results of 16S rDNA high-
throughput sequencing indicated that GUP
increased the diversity of intestinal microbiota.
The Venn diagram showed that on the 8th day
after administration, the number of OTUs
specific to each GUP group increased
significantly more than that in the control group
and the model group (the number of OTUs in
the control group was more than that in the
model group), while on the 15th day after
administration, there was no significant
difference between the groups (Fig. 2). As
shown in Fig. 3 and Fig. 4, the diversity of the
total bacterial community increased during
GUP treatment. At the 8th day, both Shannon

and Simpson indexes indicated that the fecal
microbiota diversity in E. coli O78-infected
chickens fed GUP was significantly higher than
that in the control group, but not higher than that
in the GUP treatment (P<0.05). In a previous
study (Cheng et al., 2018; He et al., 2019), an
increased abundance of Firmicutes and a
decreased abundance of Bacteroidetes were
discovered in animals with intestinal diseases.
These changes in gut microbial populations were
also observed in our model group compared to
the control group. Our data showed that GUP
induced changes in microbial composition at the
phylum level and genus level. The chickens in
the model group showed a significant shift in
the composition of intestinal flora, with a reduced
percentage of Bacteroidetes and an increased
proportion of Firmicutes. After GUP treatment,
the abundance of Bacteroidetes increased, while
the abundance of Firmicutes decreased, so the
ratio of Bacteroidetes/Firmicutes increased
significantly. It was reported that the declined
abundance ratio of Bacteroidetes/Firmicutes is
an indicator of microbial imbalance (Saxena
et al., 2016; Xu et al., 2016; Oh et al., 2017 ); it
has been suggested that GUP could improve
dysbacteriosis in broilers with intestinal damage.
GUP treatment decreased the abundance of the
phylum Firmicutes.

In this study, the intestinal mucosal barrier
function of chickens was tested. Gastrointestinal
mucosa is an important barrier for close contact
between numerous microorganisms,
environmental antigens, the host immune
system and digestive system (Zhu et al., 2018).
Intestinal barrier defects have been associated
with a broad range of diseases (Luo et al., 2019;
Vargas-Robles et al., 2019). To maintain host
homeostasis, intestinal microbial balance,
intestinal epithelial integrity, and contact
between intestinal microorganisms and
epithelial cell surfaces must be limited and
carefully controlled (Zmora et al., 2017). The
barrier function of intestinal mucosa plays a key
role in maintaining the balance between host
and microbiota. TJs are the most important
structures in the intestinal mucosal barrier
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(Kumar et al., 2018; Horioka et al., 2019).
Occludin, claudins and junctional adhesion
molecules are important components of tight
junctions in the intestinal barrier and function
as channel proteins. These transmembrane
proteins are linked to the cytoskeleton by
zonula occludens, which constitute TJs (Song
et al., 2019). Studies have shown that intestinal
barrier dysfunction is accompanied by down
regulation of the expression of TJ proteins,
including (ZO-1, occludin and claudin-1)
mRNA (Awad et al., 2017). Diamine oxidase
(DAO) is a highly active intracellular enzyme
produced by intestinal epithelia, and it exists
only in the intestinal mucosa and ciliated cells,
whereas D-LA is the product of intestinal
bacteria fermentation and endotoxin is the
decomposition product of harmful bacteria
(Awad et al., 2017; Horioka et al., 2019). The
intact intestinal mucosa provides a barrier
function to prevent DAO, D-LA and endotoxin
from infiltrating the portal circulation, which
may be used to quantitatively assess intestinal
mucosal barrier function (Yang et al., 2019).
So, in this study, mRNA expression of ZO-1,
occludin and claudin-1 in the intestinal mucosa
and serum DAO and D-LA activity and
endotoxin content were used as indicators for
intestinal permeability and mucosal damage.

In the present study, E. coli O78 challenge
destroyed jejunal TJs, which was characterized
by enhanced mRNA expression of ZO-1,
occludin and claudin-1 in the intestinal mucosa
medial-dose GUP group, and both the medial-
dose and high-dose GUP group showed
increased occludin mRNA expression. These
results show that GUP could repair intestinal
barrier function by enhancing the expression
of TJ proteins, including ZO-1, occludin and
claudin-1. In this study, the serum DAO and

D-LA activity and endotoxin content of broilers
infected by E. coli O78 were significantly
increased. Compared with the model group, the
serum endotoxin content was significantly
decreased in the GUP treatment group and was
negatively correlated with the drug dose on the
8th day and 15th day after administration.
Serum DAO activity in the GUP treatment group
decreased significantly compared with the
model group, and with the increase in drug
dose, the DAO activity decreased more on the
8th day and 15th day after oral administration
of GUP. Serum D-LA activity in the GUP
treatment group decreased significantly
compared with that in the model group and was
negatively correlated with the drug dose on the
8th day and 15th day after administration. This
suggests that GUP can maintain intestinal barrier
function by lowering serum DAO and D-LA
activity and endotoxin content.

GUP can improve the morphology and
structure of intestinal villi of intestinal damaged
broilers, making the intestinal wall more
complete and clearer. Feeding GUP resulted in
a more diverse gut microbiome and changed the
bacterial composition with an increased
percentage of Bacteroidetes and a decreased
proportion of Firmicutes. Meanwhile, oral GUP
promoted intestinal barrier function by
enhancing the mRNA expression of TJ proteins
and reducing the serum DAO and D-LA activity
and endotoxin content. Taken together, these
findings indicate that GUP may be a therapy for
the treatment or prevention of intestinal disease.

Conflict of interest: Authors have no conflict
of interest in this study.
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