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ABSTRACT This study evaluated the therapeutic
efficacy of Schisandrin A on systemic colibacillosis of
chickens. One hundred and eighty, 1-day-old Hailan
Brown chickens were divided into 6 groups of 30 chick-
ens each and assigned to the following treatments: 1)
uninfected/untreated control; 2) infected Escherichia
coli; 3) infected-plus low dose of Schisandrin A therapy
(50 mg/kg); 4) infected-plus medium dose of Schisan-
drin A therapy (100 mg/kg); 5) infected-plus high dose
of Schisandrin A therapy (200 mg/kg) and 6) infected-
plus antimicrobial therapy (florfenicol). Each group of
chickens was placed in cages with a photoperiod of 12 h
of light and 12 h of dark. Feed and water for all groups
were provided ad libitum for the duration of the study.
On d 14, all the chickens except the uninfected control
group were intraperitoneally inoculated with a fresh
culture of E. coli containing 1 £ 108 CFU/mL. The
parameters measured included: average daily weight
gain (ADG), percent survivability, liver index, serum
activity of enzymes (ALT and AST), hepatic and intes-
tinal concentrations of TNF-a, IL-1b, IL-6, IL-8, and
LPS, expression of tight junction proteins (occludin,
ZO-1, and claudin-1), relative abundance of bacterial
species and histopathological changes in hepatic and
intestinal tissue. The results showed that the medium
and high doses of Schisandrin A ameliorated the
detrimental effects of colibacillosis on weight gain.
� 2021 The Authors. Published by Elsevier Inc. on behalf of Poultry
Science Association Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Regarding organ indexes, E. coli infection induced a sig-
nificant increase in liver index, all the doses of Schisan-
drin A produced a significant reduction of liver index in
comparison to the E. coli infected control. Serum activ-
ity of ALT and AST enzymes significantly increased
due to E. coli infection, with the exception of the low
dose of Schisandrin A for AST enzyme activity, all the
Schisandrin A treatments significantly lowered enzyme
activity in comparison to the E. coli infected control.
Regarding concentrations of inflammatory markers in
hepatic and intestinal, E. coli infection caused a signifi-
cant increase in TNF-a, IL-1b, IL-6, and IL-8, except
the lowest dose of Schisandrin A for IL-1b, the rest of
the doses tested were able to significantly reduced the
concentrations of inflammatory markers. Concentra-
tions of LPS in hepatic and intestinal tissues were
significantly increased by E. coli infection, all doses of
Schisandrin A significantly reduced the concentration
of LPS in hepatic and intestinal tissue. E. coli infection
significantly reduced the expression of 2 tight junction
proteins (ZO-1 and Claudin-1), the higher doses of Schi-
sandrin A were effective in significantly increasing the
expression of these tight junction proteins when com-
pared with the E. coli infected control. Taken together,
these results show that Schisandrin A has potential as
an alternative therapy for the treatment of colibacillosis
in chickens.
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INTRODUCTION

Avian colibacillosis is an infectious disease caused by
pathogenic Escherichia coli characterized by hepatitis
and diarrhea. E. coli infection can pollute chickens and
eggs and cause serious food safety problems. It is one of
the important reasons for the economic losses of global
poultry producers (Ma et al., 2018). Antibiotics, such as
florfenicol have a therapeutic effect on avian colibacillo-
sis. However, the overuse of these drugs has led to the
emergence of drug-resistant strains, and there are antibi-
otic residues in human food, such as chickens and eggs.
These drugs can enter the environment with animal and
human feces, causing pollution and affecting human
health (Casella et al., 2018). Therefore, the search for a
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safe and effective antibiotic substitute is one of the key
issues in the poultry industry and public health
research.

The liver is directly connected to the gut through por-
tal vein circulation. It is constantly exposed to bacterial
products (e.g., E. coli endotoxin and lipopolysaccha-
ride), which is known as the gut-liver axis. Microbiome
can be considered as one of the driving forces affecting
the gut-liver axis. A healthy microbial community
achieves anti-inflammatory and proinflammatory effects
through its metabolites. In recent years, many studies
have confirmed that intestinal microorganisms can
affect liver health through the gut-liver axis. Green tea
extract can limit the inflammatory response of LPS-
TLR4-NFkB and reduce the occurrence of nonalcoholic
steatohepatitis through the intestinal hepatic axis path-
way (Dey et al., 2020). Mesenteric congestion caused by
portal blood flow interruption can induce endotoxin
mediated toll-like receptor 4 expression, leading to an
increased burden of liver cancer (Orci et al., 2018). How-
ever, E. coli infection often leads to an imbalance of
intestinal flora and liver inflammation (Sun et al., 2020)

Schisandra chinensis is a traditional Chinese medici-
nal herb, which is often used as a substitute for tea.
Studies have confirmed that S. chinensis can treat liver
diseases (Li et al., 2020). Schisandrin A is one of the
main components of Schisandrae lignin, which has good
hepatoprotective and antibacterial effect. (Fan et al.,
2019) showed that many components in Schisandrae lig-
nin could significantly prevent intrahepatic cholestasis
and liver necrosis induced by cholic acid. Hakala et al.
(2015) studied the 6 main components of Schisandrae
lignin and found that these could inhibit the formation
of Chlamydia pneumoniae inclusion body and the gener-
ation of infectious offspring.

Schisandrin A is beneficial to liver health and has a
certain antibacterial effect. The effect of Schisandrin A
on the liver and intestinal injury caused by E. coli
remains unclear. Therefore, in this study, chickens
infected with E. coli were used to explore the mechanism
of Schisandrin A by regulating intestinal microflora and
gut-liver axis. The results provide a basis for the treat-
ment of chicken colibacillosis with Schisandrin A.
MATERIALS AND METHODS

Reagents

Schisandrin A (purity ≥98%) was purchased from
Chengdu Zhibiaohua Pure Biotechnology Co., Ltd.,
Chengdu, China. Alanine aminotransferase (ALT)
activity test kit and aspartate aminotransferase (AST)
activity test kit were purchased from Nanjing Jiancheng
Bioengineering Institute, Nanjing, China. Tumor necro-
sis factor (TNF)-a, interleukin 1b (IL-1b), interleukin-
6 (IL-6), interleukin-8 (IL-8), and lipopolysaccharide
(LPS) enzyme-linked immunosorbent assay (ELISA)
kits were purchased from Shanghai Enzyme-Linked Bio-
technology Company, Shanghai, China. Lysogeny broth
(LB) medium was purchased from Beijing Soleibao Bio-
technology Co., Ltd., Beijing, China.
Bacterial Strain

The E. coli strain was presented by the Preventive
Veterinary Laboratory of Animal Medical College,
Hebei Agricultural University, Hebei, China. The strains
were inoculated in 3 mL LB medium and cultured at
220 rpm for 12 h at 37°C. The inoculating ring was used
to dip the bacterial solution into the LB agar medium
and cultured at 37°C for 12 h. A single colony was inocu-
lated in 3 mL LB medium and cultured at 220 rpm for
12 h at 37°C. Finally, aseptic phosphate buffered saline
(PBS) was used to adjust the concentration of strain to
1 £ 108 colony forming unit (CFU)/mL for further
analyses.
Animals and Treatment

A total of 180 one-day-old male Hailan brown chick-
ens (weigh of 40 § 5 g) were purchased from Hebei
Dawu Group Breeding Chicken Co., Ltd., Hebei, China.
These were randomly divided into 6 groups: uninfected/
untreated control; infected E. coli; infected-low dose of
Schisandrin A therapy (50 mg/kg); infected-medium
dose of Schisandrin A therapy (100 mg/kg); infected-
high dose of Schisandrin A therapy (200 mg/kg) and
infected-antimicrobial therapy (florfenicol), the dose ref-
erence (Yuan et al., 2020). Each group of chickens was
placed in cages with a photoperiod of 12 h of light and
12 h of dark. All groups were given ad libitum access to
feed and water. On d 14, all the chickens except for the
uninfected control group were intraperitoneally inocu-
lated with a fresh culture of E. coli containing 1 £ 108

CFU/mL. After intraperitoneal injection of E. coli, Schi-
sandrin A was given immediately for 5 d, and the chick-
ens were killed by inhaling CO2. The experiments met
the requirements of animal ethics of Hebei Agricultural
University.
Analysis of Liver and Duodenum ALT, AST,
TNF-a, IL-1b, IL-6, IL-8, and LPS Content in
Chickens

The tissues were added into PBS homogenate, and
centrifugation was used to extract supernatant. The tis-
sue content of ALT, AST, TNF-a, IL-1b, IL-6, IL-8 and
LPS in chickens were detected according to the kit's
instructions. ELISA kit was purchased from Shanghai
Meilian Biotechnology Co., Ltd., Shanghai, China. The
supernatant and marker horseradish peroxidase (HRP)
were added to the antibody-coated 96-well plate and
incubated at 37°C for 1 h. The color-developing solution
was added and incubated at 37°C for 15 min in the dark.
The absorbance of each well was measured at 450 nm
wavelength.



Table 1. Real-time PCR primer sequences.

Gene ID Sequence GC% Tm length(bp)

Occludin CCTTGTTGGCCATGTGCAG 57.9 63.7 78
GGTCCACGGTGCAGTAGTGGTA 59.1 64.4

ZO-1 TGGCAATCAACTTTGGGTAGCA 45.5 64.8 156
ATCCACAGAGGCAACTGAACCATA 45.8 64.1

Claudin-1 CTCCCAAGCAGCTGCATATCTC 54.5 63.5 148
GCTCAGTCAGGCTAAGAACACCAA 50 64.1

b-actin ATTGTCCACCGCAAATGCTTC 47.6 64.4 113
AAATAAAGCCATGCCAATCTCGTC 41.7 64.5

Note: b-actin is an internal reference gene.
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Analysis of Serum ALT and AST Content in
Chicken

The blood of the chicken was collected with a clotting
tube. The coagulant tube was placed in a refrigerator at
4°C for 1 h and centrifuged at low speed to separate the
serum. The serum content of ALT and AST in chickens
was detected using ALT and AST kits (Nanjing Jian-
cheng Bioengineering Institute, Nanjing, China) accord-
ing to the instructions of the kits. The serum and
marker HRP were added to the antibody-coated 96-well
plate and incubated at 37°C for 1 h. Color-developing
solution was added and incubated at 37°C for 15 min in
the dark, and the absorbance of each well was measured
at 450 nm wavelength.
Histopathological Analysis

Liver and duodenum tissues were fixed with 4% para-
formaldehyde for 24 h, dehydrated with different con-
centrations of ethanol, embedded in paraffin, and
sectioned. The slices were baked in a constant tempera-
ture oven at 60°C for 4 h, dewaxed with xylene and rehy-
drated with alcohol. Finally, the sections were stained
with hematoxylin and eosin (H&E). Histopathological
changes were observed under a light microscope.
Analysis of mRNA Relative Transcriptional
Levels in the Duodenum of Chicken by
Quantitative Polymerase Chain Reaction

Total RNA extraction kit (Promega Biotechnology
Co., Ltd., Beijing, China) was used to extract RNA
from duodenum tissues of chickens. The total RNA was
transcribed to obtain complementary DNA (cDNA)
samples. The primers used were synthesized by Takara
Biotechnology Co., Ltd., Dalian, China. Primer design
and synthesis were entrusted to Dalian Bao Biological
Company, Dalian, China. The sequence is shown in
Table 1.
Figure 1. Average daily gain (ADG) and organ index. Note: C:
Control group; EC: E. coli infection group; L: Schisandrin A low dose
group; M: Schisandrin A medium dose group; H: Schisandrin A high
dose group; F: positive drug group. * Significant difference with control
group (P < 0.05). # Significant difference with E. coli infection group
(P < 0.05).
Gene Sequencing of Intestinal Flora

Fecal samples (100 mg) were added into 2 mL
centrifuge tubes and extracted according to the
operation steps of the EZNA Stool DNA Kit. After
obtaining the purified genomic DNA (gDNA), the
absorbance of total DNA at 260 nm and 280 nm
was detected by UV spectrophotometer, and the
concentration of total DNA and the ratio of OD
260/OD 280 were observed. The purified gDNA was
stored at �20°C. The library was constructed by
TruSeq DNA PCR-Free Sample Preparation Kit.
The constructed library was quantified by qubit
and quantitative polymerase chain reaction. After
qualifying the library, it was sequenced by
HiSeq2500 PE250.

Statistical Analysis

The test results were analyzed with Statistical Pack-
age for the Social Sciences (SPSS) 19.0 software, and the
results were expressed as mean (x) § standard devia-
tion. Compared with the control, P < 0.05 indicates a
significant difference.
RESULTS

Average Daily Gain and Organ Index

E. coli could significantly reduce the average daily
gain (ADG) of chickens. After treatment, the declining
trends of Schisandrin A medium (100 mg/kg) and high
(200 mg/kg) dose groups were alleviated. Compared
with the control group, the liver index of E. coli infection
group was increased significantly, while the liver index of
Schisandrin A groups (50,100, and 200 mg/kg) was
decreased significantly (Figure 1).



Figure 2. Expression of LPS in liver and duodenum. Note: C: Con-
trol group; EC: E. coli infection group; L: Schisandrin A low dose
group; M: Schisandrin A medium dose group; H: Schisandrin A high
dose group; F: positive drug group. * Significant difference with control
group (P < 0.05). # Significant difference with E. coli infection group
(P < 0.05).
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Expression of LPS in Liver and Duodenum

Compared with the control group, the level of LPS in
the liver and duodenum of the E. coli infection group
was significantly higher. The levels of LPS in Schisan-
drin A (50, 100, and 200 mg/kg) and infected-plus anti-
microbial therapy were significantly lower than those in
the E. coli infection group (Figure 2).
Expression of Inflammatory Factors in Liver
and Duodenum

The liver and duodenum levels of TNF-a, IL-1b, IL-6,
and IL-8 in the E. coli infection group were significantly
higher than those in the control group. In contrast, the
liver and duodenum levels of TNF-a, IL-6, and IL-8 in
Schisandrin A groups (50, 100 and 200 mg/kg) and
infected-plus antimicrobial therapy were significantly
decreased in a dose-dependent manner. The liver and
duodenum levels of IL-1b in medium (100 mg/kg) and
high (200 mg/kg) dose groups of Schisandrin A were sig-
nificantly lower than those in the E. coli infection group.
Figure 3. Expression of liver and duodenum inflammatory factors. No
dose group, M: Schisandrin A medium dose group, H: Schisandrin A high d
group (P < 0.05). # Significant difference with E. coli infection group (P < 0
The liver levels of IL-1b in the low dose group of Schisan-
drin A (50 mg/kg) and infected-plus antimicrobial ther-
apy were decreased, but there was no statistical
significance (Figure 3).
Serum Indexes of Liver Function

Compared with the control group, the serum ALT
and AST levels of chickens infected with E. coli were sig-
nificantly increased. Schisandrin A dose (50, 100, and
200 mg/kg) and infected-plus antimicrobial therapy sig-
nificantly alleviated the phenomenon of increased serum
ALT level caused by E. coli infection. Schisandrin A
medium (100 mg/kg) and high (200 mg/kg) dose groups
significantly reduced the serum AST level. The expres-
sion of Schisandrin A in low dose (50 mg/kg) and
infected-plus antimicrobial therapy was decreased. How-
ever, there was no statistical significance (Figure 4).
Histopathological Changes of Chicken Liver

As shown in Figure 5, the liver structure of the control
group was clear. The liver cord was arranged in order,
and the nucleus was clear. In the E. coli infection group,
the structure of the hepatic lobule was disordered. The
hepatic cord was broken (arrow 1), and the nucleus was
condensed and ruptured (arrow 2). Compared with the
E. coli infection group, the nuclear damage of the
infected-plus antimicrobial therapy was reduced (arrow
2), but the arrangement of hepatic cords was irregular
(arrow 1). In the low dose Schisandrin A group (50 mg/
kg), the hepatic cord was clear, and the degree of hepa-
tocyte necrosis was reduced (arrow 1). In the medium
(100 mg/kg) and high (200 mg/kg) dose Schisandrin A
groups, the structure of hepatic lobules was intact. The
hepatic cords were arranged in order, and the necrosis of
te: C: Control group, EC: E. coli infection group, L: Schisandrin A low
ose group, F: positive drug group. * Significant difference with control
.05).



Figure 4. Serum indexes of liver function. Note: C: Control group,
EC: E. coli infection group, L: Schisandrin A low dose group, M: Schi-
sandrin A medium dose group, H: Schisandrin A high dose group, F:
positive drug group. * Significant difference with control group (P <
0.05). # Significant difference with E. coli infection group (P < 0.05).

Figure 5. Histopathological changes of chicken liver (H&E staining, 400
A low dose group; M: Schisandrin A medium dose group; H: Schisandrin A hi

Figure 6. Histopathological changes of chicken duodenum (H&E staini
sandrin A low dose group, D: Schisandrin A medium dose group, e: Schisand
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hepatocytes was significantly reduced, which was similar
to that in the control group.
Histopathological Changes of Chicken
Duodenum

As shown in Figure 6, in the control group, the morphol-
ogy and structure of intestinal mucosa were complete, and
the villi were arranged. In the E. coli infection group, the
villi were arranged, with different heights. The villi were
shortened, swollen, and shed (arrow). In the infected-plus
antimicrobial therapy, the length of intestinal villi
£). Note: C: Control group; EC: E. coli infection group; L: Schisandrin
gh dose group; F: positive drug group.

ng, 200 £). Note: A: Control group, B: E. coli infection group, C: Schi
rin A high dose group, F: positive drug group.
-



Figure 7. Expression of intestinal tight junction protein. Note: C:
Control group, EC: E. coli infection group, L: Schisandrin A low dose
group, M: Schisandrin A medium dose group, H: Schisandrin A high
dose group, F: positive drug group. * Significant difference with control
group (P < 0.05). # Significant difference with E. coli infection group
(P < 0.05).
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increased, but a large number of villi fell off (arrow). Com-
pared with the E. coli infection group, the length of villi in
medium (100 mg/kg) and high (200 mg/kg) dose of Schi-
sandrin A groups increased significantly.

Expression of Intestinal Tight Junction
Protein

The expression levels of occludin, ZO-1, and caludin-1
were decreased significantly after E. coli infection, while
the expression levels of ZO-1 and caludin-1 were increased
significantly in the medium (100 mg/kg) and high (200
mg/kg) dose of Schisandrin A groups. The expression of
occludin in the Schisandrol A groups was also increased
but was not statistically significant (Figure 7).
Analysis of Microbial Diversity of Intestinal
Contents

Data Preprocessing Statistics and Quality Control Tag-

gedPThe data (Raw PE) obtained by sequencing of illustra
Table 2. Data preprocessing statistics and quality control.

Samples Raw PE(#) Effective Tags(#)

C1
85,018

61,984

C2
102,349

65,723

C3
111,288

69,731

EC1
107,430

65,886

EC2
87,497

65,608

EC3
100,112

69,698

H1
91,106

65,097

H2
100,561

66,046

H3
98,677

62,482

Note: Raw PE refers to the original PE reads; effective tags refer to the tag s
mera; avglen refers to the average length of effective tags; GC (%) refers to the
of the number of effective tags and raw PE.
novaseq was spliced and quality controlled, and the chi-
meric filter was carried out to obtain the effective data
(Effective Tags), which can be used for subsequent anal-
ysis. The statistical results of each step in the process of
data processing are shown in Table 2.
Species Relative Abundance at the Phylum Level. Tag-

gedPAt the gate level, the dominant bacteria in the control
group were Firmicutes, followed by Bacteroidetes and
Proteobacteria accounted for less. Compared with the
control group, the abundance of Proteobacteria and
Bacteroidetes in the E. coli infection group was
increased significantly, and the proportion of Firmicutes
was decreased. Compared with the E. coli infection
group, the abundance of Proteobacteria in the high dose
Schisandrin A group (200 mg/kg) was decreased, while
the abundance of Firmicutes was increased (Figure 8).
Principal Component Analysis Principal component
analysis (PCA) is a technique to simplify data analysis,
which can identify the most important elements and
structures in the data. PC1, PC2, and PC3 represent
the first, second, and third principal components, respec-
tively. The percentage of principal components repre-
sents the contribution rate of principal components to
sample differences, which measures the information of
principal components extracted from the original infor-
mation. The distance between the sample points indi-
cates the similarity of the classification distribution in
the sample. In the coordinate system, the closer the dis-
tance between two points, the higher the similarity. In
this study, the community similarity of control and Schi-
sandrin A high dose (200 mg/kg) groups was higher,
while the community difference of the E. coli infection
group was larger than control and Schisandrin A high
dose (200 mg/kg) groups (Figure 9).
Changes of Chao1 and Shannon Indexes Chao1
and Shannon indexes are important components of the a
diversity index. The Chao1 index is used to estimate the
AvgLen (nt) GC (%) Effective (%)

253 53.41 72.91

253 52.72 64.21

253 53.28 62.66

253 52.77 61.33

253 56.69 74.98

253 52.87 69.62

253 53.47 71.45

253 52.6 65.68

253 52.22 63.32

equences that are finally used for subsequent analysis after filtering the chi-
content of GC bases in effective tags; effective (%) refers to the percentage



Figure 8. Relative abundance of species at phylum level.
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total number of operational taxonomic units (OTUs) in
the sample. Shannon index was used to evaluate the
diversity of microbial community. The Chao1 index of
Schisandrin A high dose (200 mg/kg) group was higher
than that of control and E. coli infection groups. The
Shannon index of control and Schisandrin A high dose
(200 mg/kg) groups was higher than that of the E. coli
infection group (Figure 10).
Cluster Analysis of Functional Relative Abundance
According to the functional annotation and abundance
information of the samples in Kyoto Encyclopedia of
Figure 9. Principal
Genes and Genomes (KEGG) database, the top 35
functions and their abundance information in each sam-
ple were selected by using the function prediction
method of Tax4fun, and the thermal map was drawn.
The clustering was carried out from the functional differ-
ence level. In the E. coli infection group, the gene func-
tion related to human diseases was increased
significantly, involving cardiovascular disease, cancer,
aging and amino acid and energy metabolism. The gene
function of the Schisandrin A high dose (200 mg/kg)
group was mainly related to the immune system, replica-
tion and repair, and lipid and carbohydrate metabolism
(Figure 11).
DISCUSSION

Avian colibacillosis is a common bacterial infectious
disease in chickens with high mortality, which seriously
endangers the development of the chicken industry.
Schisandrin A could treat chicken colibacillosis and sig-
nificantly improve the weight loss caused by E. coli
infection.
The liver and intestine are connected with the portal

vein, which contains nutrients, food antigens, bacterial
products and environmental toxins from the intestine.
component analysis.



Figure 10. Chao1 and shannon index.
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When the liver is damaged, the function of Kupffer cells
(KCs) in the liver can be inhibited. Bacteria and endo-
toxin in the intestine invade the blood circulation sys-
tem, leading to enterogenous infection. Endotoxin
activates KCs and releases a variety of inflammatory
factors. The interaction of these inflammatory factors
Figure 11. Clustering heat map
aggravates the damage of the intestinal mucosal barrier.
LPS is the key component of E. coli cell wall. E. coli can
induce intestinal function damage in the body. The dam-
aged intestine directly exposes the liver to intestinal
endotoxin LPS, which induces the secretion of inflam-
matory cytokines and mediates liver damage (Giuffr�e
et al., 2020). Schisandrin A has a good anti-inflamma-
tory effect (Cui et al., 2020). Study has shown that Schi-
sandrin A can reduce the secretion of pro-inflammatory
cytokines (including TNF-a and IL-1 b) induced by LPS
(Kwon et al., 2018), which is consistent with the results
of our study. In this study, that Schisandrin A could sig-
nificantly reduce the expression of LPS, TNF-a, IL-1 b,
IL-6, and IL-8 in hepatic and intestinal tissues of chick-
ens.
ALT and AST are the most sensitive indicators of

liver injury (Goorden et al., 2013). ALT is distributed in
of functional relative abundance.
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the cytoplasm of hepatocytes, and AST is mainly dis-
tributed in the cytoplasm and mitochondria of hepato-
cytes. In the case of liver injury, the permeability of
hepatocyte membrane increases, and transaminase is
released into the blood. The content of transaminase in
serum is directly proportional to the degree of liver
injury. Study reported that after intraperitoneal injec-
tion of E. coli, the levels of ALT and AST in serum of
mice were increased (Zhang et al., 2018), which is consis-
tent with the results of our study. Cellulosic hepatitis
occurs in chickens after infecting with E. coli. E. coli can
change the structure of liver lobule, damage liver cord,
and break nucleus. Schisandrin A can alleviate liver
injury. After treatment with Schisandrin A, the liver
index was significantly increased, and the serum AST
and ALT levels were significantly decreased. The struc-
ture of hepatic lobules was clear. The hepatic cords were
radially arranged, and the cytoplasm of hepatocytes was
uniform. Schisandrin A could protect the liver by
improving the structure of hepatic lobules and reducing
the permeability of hepatocyte membrane.

Intestinal mucosa is the most important mucosal sys-
tem in poultry. The integrity of its morphology, struc-
ture and function is an effective barrier, which
maintains intestinal health (Ghosh et al., 2020). Intesti-
nal villus is an important index of nutrient absorption
(Lang et al., 2019). The higher the villus height, the bet-
ter the development of intestinal epithelial cells. The
decrease of villus height can lead to the impairment of
intestinal absorption of food and increase the possibility
of diarrhea (Zhang et al., 2019). Endotoxin stimulation
of E. coli can cause intestinal injury, decreasing villus
height of small intestine (Tunisi et al., 2019). The results
showed that Schisandrin A could significantly improve
the reduction of villus height and the shedding of villus
epithelium induced by E. coli.

Tight junction (TJ) is a multiprotein complex, which
forms a selective membrane between adjacent epithelial
cells. It is a barrier for the intestinal tract to regulate
ions and prevent inflammatory molecules (Lee, 2015).
TJs can provide a physical barrier to luminal inflamma-
tory molecules. Impaired integrity and structure of the
TJ barrier result in chronic inflammation in different tis-
sues (Suzuki, 2020). TJs are the results of the interaction
among claudin, occludin, junctional adhesion molecules
(JAMs), and ZO-1. Occludin plays an important role in
the structure and permeability of intestinal epithelium.
Occludin gene deletion significantly increases intestinal
permeability in mice (Al-Sadi et al., 2011). ZO protein
binds to the N-terminal half region of many TJ proteins,
while the C-terminal region interacts with the actin
cytoskeleton and cytoskeleton-related proteins, connect-
ing TJ proteins with structural systems, such as epithe-
lial cells and desmosomes. ZO plays a key role in the
regulation of TJ assembly. When ZO-1 was inactive, the
connection between claudins and occludin and the estab-
lishment of the barrier were significantly blocked
(Umeda et al., 2004). Claudin is a tetrapeptide TJ pro-
tein, which plays an important role in the acellular ion
permeability between epithelial cells and is the key
component of TJs (Amasheh et al., 2015). Occludin and
ZO-1 are widely expressed in the epithelial layer. Under
inflammatory conditions, occludin, claudin-1 and ZO-1
are reduced or even dissolved, which increases the per-
meability of intestinal epithelium and reduces the
mechanical barrier function of epithelial cells. In this
study, the expression levels of occludin and ZO-1 protein
in the duodenum of chickens infected with E. coli were
significantly lower than those of the control group, indi-
cating that E. coli could make the TJ separation of
chicken duodenum epithelial cells, increase the intercel-
lular space and the permeability and reduce the barrier
function of the epithelium. The expression of occludin,
claudin-1 and ZO-1 in medium and high dose groups of
Schisandrin A were higher than those in the E. coli infec-
tion group, and the changes of claudin-1 and ZO-1 were
significant. These results indicate that Schisandrin A
can promote the secretion of occludin, claudin-1 and
ZO-1 proteins and reduce the gap and permeability of
duodenal epithelial cells, thus slowing down the damage
of epithelial barrier function caused by E. coli infection.
The abundance of beneficial bacteria in the intes-

tine is important to maintain the balance of intestinal
microecosystems and the integrity of the intestinal
barrier. The regulation of intestinal flora can affect
liver function and endotoxin (Hofer, 2017).
Zhang et al. (2012) used penicillin to induce intestinal
flora imbalance and dextran sulfate sodium (DSS) to
cause intestinal mucosal damage. These results
showed that long-term exposure to penicillin or DSS
could lead to a continuous increase of circulating LPS
and IL-6, indicating that flora imbalance and mucosal
damage contribute to endotoxemia and systemic
inflammation. This study showed that E. coli induced
changes in the structure and abundance of intestinal
microflora in chickens. At the phylum level, E. coli
downregulated the abundance of Firmicutes and
upregulated the abundance of Proteobacteria and
Bacteroides. Firmicum is the dominant bacteria in
the control group, which can maintain the balance of
flora. Proteobacteria contain pathogenic bacteria,
such as E. coli and Salmonella, which can damage
intestinal mucosa. PCA showed that the community
similarity of control and Schisandrin A high dose
groups was higher. The community difference of the
E. coli infection group was larger than the other 2
groups. The comparison of alpha diversity showed
that the Chao1 and Shannon indexes of the high-dose
Schisandrin A group were higher than those of the E.
coli infection group, indicating that the diversity of
intestinal microflora was increased after Schisandrin
A treatment. The results of function prediction of
Tax4fun showed that the gene function of intestinal
flora associated with human diseases was increased
significantly in the E. coli infection group, involving
cardiovascular disease, cancer, aging, and amino acid
and energy metabolism. The expression levels of these
pathogenic genes were downregulated in the high-
dose Schisandrin A group. According to the results,
Schisandrin A can effectively regulate the intestinal
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flora disorder caused by E. coli infection, reduce the
number of harmful bacteria and increase the number
of beneficial bacteria.

E. coli invades the intestine, resulting in intestinal flora
disorder, damaged and deformed intestinal epithelial villi,
decreased TJ protein expression and increased intestinal
permeability. Therefore, endotoxin LPS of E. coli can
enter the blood and reach the liver from the portal vein,
causing rupture of liver cord, cell necrosis and other dam-
age, thus increasing the levels of inflammatory factors.
Schisandrin A can regulate the intestinal flora disorder
caused by E. coli, improve the damage caused by E. coli,
enhance the integrity of the intestinal mucosal barrier,
reduce the entry of intestinal endotoxin into the blood
and protect the liver through the gut-liver axis.
CONCLUSIONS

Schisandrin A has a therapeutic effect on avian coliba-
cillosis. It can alleviate inflammation, regulate intestinal
flora and improve the intestinal wall barrier based on
the gut-liver axis. It has a good protective effect on the
liver and intestinal injury caused by E. coli.
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