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ABSTRACT Coinfection of Mycoplasma gallisepti-
cum (MG) and Escherichia coli (E. coli) is frequently
reported in poultry farms. Baicalin possess various
pharmacological properties such as anti-inflammatory,
anticancer, and antioxidant, etc. However, the protec-
tive effects of baicalin against coinfection of MG and E.
coli are still elusive. In this study, baicalin (450 mg/kg)
treatment was started on day 13 after infection and
continued for 5 d. Histopathological examination, qRT-
PCR, ELISA, and molecular docking technique were
used to evaluate the effects of baicalin on MG and E. coli
coinfection in chicken lung and trachea. The results
showed that coinfection caused severe lesions in the lung
and tracheal tissues. However, baicalin treatment
partially alleviated these lesions in coinfection group.
Histopathological examination showed the alveolar
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spaces and mucosal layer thickening was restored and
cilia gradually recovered with baicalin treatment
compared in coinfection group and MG-infection group.
Meanwhile, IL-17 singling pathway–related genes were
significantly reduced (P , 0.05) in baicalin treatment
group in lung, including IL-17C, TRAF6, NF-kB,
CXCL1, CXCL2, MMP1, GM-CSF, and MUC5AC. The
activities of cytokines and chemokines (CXCL1, CXCL2,
MMP1, GMCSF, and MUC5AC) were decreased signif-
icantly (P , 0.05) in baicalin-treated group. The mo-
lecular docking of baicalin and NF-kB showed the
highest fitness score and interaction. From these results,
it has been suggested that baicalin proved effective
against coinfection of MG and E. coli in chicken and
provided scientific basis for further dose–response and
drug–target interaction studies.
Key words: Mycoplasma gallisepticum, Esche
richia coli, molecular docking, baicalin, IL-17
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INTRODUCTION

Mycoplasmas are the smallest microorganism, belongs
to class mollicutes, and lack of cell wall is the special dis-
tinguishing feature of these bacteria (Gharibi et al.,
2018). Among mycoplasmas, Mycoplasma gallisepticum
(MG) is well studied and devastating pathogen that
caused chronic respiratory diseases in chickens
(Beaudet et al., 2017; Chen et al., 2020) and results in
significant economic losses to the poultry industry
(Ishfaq et al., 2020a; Elliott et al., 2020). Previous
studies reported coinfection of MG with other respira-
tory pathogenic microorganisms including Avian influ-
enza virus, Infectious bronchitis virus, Escherichia coli
(E. coli), and Mycoplasma synoviae (Dhillon and
Kibenge, 1987; Stipkovits et al., 2012; Xiao et al.,
2014; Sid et al., 2015; Bwala et al., 2018; Hutchinson,
2018; Canter et al., 2019). In the present study, we inves-
tigated the effect of MG and E. coli single or combined
infection on chicken lung and trachea. E. coli comprises
different pathogenic as well as harmless commensal var-
iants (Leimbach et al., 2013; Mol et al., 2019). Recently,
coinfection chicken model of E. coli and MG received
much more attention for carrying research to mitigate
the losses caused by coinfection. Some studies developed
MG and E. coli chicken coinfection model for studying
the pharmacokinetics of drugs (Xiao et al., 2015).
Another study evaluated the effect of single or combined
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infection of MG and E. coli on chicken immune response
induced by Newcastle disease virus vaccine (Awad et al.,
2019). Our previous studies investigated coinfection of
MG with E. coli that caused immunosuppression and in-
flammatory injury in chicken lung with the upregulation
of interleukin-17 (IL-17) signaling pathway (Wu et al.,
2019b), and elevated serum leukotriene C4 was consid-
ered as a biomarker for detecting respiratory infection
in chickens (Wu et al., 2020). While, in the present
study, we scrutinized the preventive effects of baicalin
against coinfection of MG and E. coli in chickens.
With the increasing frequency of antibiotic-resistant

infections, new antibiotics are critical for modern medi-
cine (Rossiter et al., 2017). More and more natural prod-
ucts have been confirmed for their biological activity
(Wang et al., 2018). Baicalin is a flavonoid compound
extracted from the roots of Scutellaria baicalensisGeorgi
(Zhao et al., 2019), and possess potential pharmacolog-
ical properties such as anticancer, anti-inflammatory,
antioxidant, etc. (Dinda et al., 2017). Baicalin sup-
pressed inflammation mainly through suppression of
toll-like receptors and nuclear factor kappa-B (NF-kB)
pathway (Ming et al., 2018). Earlier studies explained
that baicalin interacted with various signaling pathways
and ameliorated MG-induced inflammation in chicken
thymus (Li et al., 2019), spleen (Ishfaq et al., 2019a),
DF-1 cells (Wu et al., 2019a) and lungs (Ishfaq et al.,
2019b). In addition, baicalin proved effective against
E. coli or LPS-induced inflammation in various experi-
mental animals (Nagaki et al., 2001; Cheng et al.,
2017; Zhao et al., 2018). However, the effect of baicalin
against coinfection of MG and E. coli in chicken is still
not reported. Furthermore, there was no research on
the molecular docking of baicalin and the corresponding
target in chicken. Therefore, the objectives of the present
study were to investigate the protective effects of baica-
lin against coinfection of MG and E. coli in chicken. The
study could provide basis for further molecular studies to
explore the mechanisms of baicalin for the prevention of
coinfection in chickens.
MATERIALS AND METHODS

Bacterial Infection and Baicalin
Administration

Mycoplasma gallisepticum strain Rlow was obtained
from the Harbin Institute of Veterinary Medicine (Chi-
nese Academy of Agricultural Sciences) and was grown
in a Modified Hayflick medium, as described previously
(Lu et al., 2017). The bacteria were used to challenge
chickens at the density of 1 ! 109 CCU/mL (color
change unit per milliliter) in the culture medium.
Escherichia coli O78 was isolated from chickens infected
with colibacillosis in our laboratory and cultured in
Nutrient Broth (Beijing Aoboxing Bio-tech Co., Ltd.).
The concentration of E. coli was adjusted to 109 CFU/
mL before infection. The detection of the density for
MG and E. coli were consistent as explained in our pre-
vious study (Wu et al., 2020; Wu et al., 2019b). Baicalin
(purity � 98.0%) was bought from Huifeng Animal
Health Co., Ltd. (Heilongjiang, China). Baicalin was
orally administered at a dose of 450 mg/kg as mentioned
earlier (Ishfaq et al., 2019b).

Experimental Groupings

Eighty (1-day-old) White Leghorn chickens were pur-
chased from Chia Chau Chicken Farm (Harbin, China)
and were assigned randomly to 4 groups namely A (con-
trol group), B (baicalin-alone group), C (coinfection
group), and D (coinfection 1 baicalin group). Each
group was randomly assigned 20 chickens (6 chickens
were divided into experimental groups in 3 replicates),
housed in a positive-pressure fiberglass isolator, and pro-
vided with antibacterial-free balanced feed and fresh
drinking water ad libitum. The antibacterial-free
chicken feed was purchased from Lenong Feed Co.,
Ltd. (Harbin, Heilongjiang). The treatments are as fol-
lows: (A) control group; (B) baicalin-alone treated group
(the baicalin treatment started on day 13 and continued
for 5 d, once in a day at a dose of 450 mg/kg); (C) coin-
fection group (0.2 mL of MG medium (1 ! 109 CCU/
mL) was injected into the left caudal thoracic air sac
on the seventh day, and 0.1 mL of E. coli bacteria
(109 CFU/mL) was injected intraperitoneally at day
10); (D) coinfection 1 baicalin-treated group (after the
aforementioned coinfection route, the baicalin treatment
started on day 13 and continued for 5 d, once in a day at
a dose of 450 mg/kg). At the 18th d, 20 chickens from
each group were humanely sacrificed to avoid pain and
suffering of chickens. Lung and tracheal samples in
each group were collected for further analysis. The pro-
tocol for this experiment was approved by Institutional
Animal Care and Use Committee of Northeast Agricul-
tural University (Heilongjiang province, China) in accor-
dance with Laboratory animal-Guideline for ethical
review of animal welfare (GB/T 35892–2018, National
Standards of the People’s Republic of China).

Microscopic Lung and Tracheal
Examination

Microscopic examination of lung and tracheal tissues
were carried out as previously described (Wu et al.,
2019a). The lung and tracheal tissues were fixed in
10% formalin, dehydrated, and immersed in transparent
samples of wax, then cut into slices (4 mm) and stained
with hematoxylin and eosin. The sections were observed
under light microscope (Nikon E100, 40X magnification,
Tokyo, Japan).

Extraction of Total RNA and Quantitative
Real-Time PCR Analysis

The lung tissue samples were homogenized for
2 min at a low frequency of 65 Hz using an automatic tis-
sue homogenizer machine (Shanghai Jingxin Industrial
Development Co., Ltd.). Total RNAwas extracted using
TRIzol reagent (Invitrogen Inc., Carlsbad, CA) as



Table 1. Primers used in qRT-PCR analysis.

Name Sense strand/sense primer (50–30) Antisense strand/antisense primer (50–30)

IL-17C CGAGGACGAGGACCGCTACC CACGGATGTAATCCACGTCGAAGG
CIKS GCCGTGGTCAGAATATACCGATCC GTCCTCAGGAGCATCATCCAAGC
TRAF6 CACAGAGGAGACGCAGGGATA AACAGATCGGGCACTCGTATTT
AP-1 AAGCAGAGATGATGCACTGGAAGC TGGATGTGATGCTGGTGTTGGATG
CXCL1 TGGCTCTTCTCCTGATCTCAATG GCACTGGCATCGGAGTTCA
CXCL2 GCCCTCCTCCTGGTTTCAG TGGCACCGCAGCTCATT
CXCL8 CCAAGCACACCTCTCTTCCA GCAAGGTAGGACGCTGGTAA
GMCSF CCGTTTCAGGAACCAGAGAG GTCTGGCTGCTGGACATTTT
MUC5AC AAGACGGCATTTATTTCTCCAC TCATTACCAACAAGCCAGTGA
MMP1 ATTTGATGCCATTACCACTT ACTTCATCCCTTTCAATGTTCT
MMP3 ATCAGGCTCTACAGTGGTG ATGGGATACATCAAGGCAC
C/EBPb ATTACGAGGCGGACTGTTTGG CGGGTGAGGCTGATGTAGGTG
NF-kB AGAAAAGCTGGGTCTTGGCA CCATCTGTGTCAAAGCAGCG
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previously described (Ishfaq et al., 2020b), and the
reverse transcription of cDNA was performed in accor-
dance with the manufacturer’s instructions (Takara
Biomedical Technology (Beijing) Co., Ltd.). In accor-
dance with our previous study (Wu et al., 2019b), 13
genes in IL-17 signaling pathway were selected for
further experimental analyses, which had showed signif-
icant changes in coinfection of MG and E. coli. The
primer sequences are shown in Table 1. Quantitative
real-time PCR (qRT-PCR) was performed to analyze
gene expression using a LightCycler96 (Roche, Basel,
Switzerland). Each sample was analyzed in triplicate.
The fold change in gene expression was calculated using
the OOcycle time (Ct) method (Schmittgen and
Livak, 2008) after the expression level was normalized
with GAPDH gene taken as internal standard.
Determination of Cytokines and
Chemokines by ELISA

Six lung samples from each group were cut and
weighed (100 mg). About 500 mL of cold PBS (PH
7.4) was added, and the mixture was homogenized for
Figure 1. Histopathological examination of chicken lung (100!). (A) C
shows the alveolar cavity shrinking, deformed and filled with a large numb
shows the alveolar cavity structure gradually recovered.
2 min at a low frequency of 65 Hz using the automatic
tissue homogenizer machine followed by centrifugation
(3,000 ! g for 20 min) at 4�C. The supernatant was
collected, and the samples were loaded on a 96-well mi-
crotiter plate in duplicate along with a blank control
sample. Enzyme-linked immunosorbent assay (ELISA)
for CXCL1, CXCL2, MMP1, GM-CSF, and MUC5AC
were carried out in accordance with the manufacturer’s
instructions (Beijing Cheng Lin Biological Technology
Co., Ltd.). The readings were taken at a wavelength of
450 nm on an iMARKTM microplate reader (Bio-Rad
Co., Ltd. Shanghai, China).
Predictive Models and Molecular Docking

Total 5 target proteins were selected considering their
key roles in IL-17 signaling pathway: TNF receptor–
associated factor (TRAF6), SEFIR domain–containing
protein, and positive regulation of I-kappaB kinase/
NF-kB signaling (CIKS). Nuclear factor kappa-B p105
subunit: P105 is the precursor of the p50 subunit of
NF-kB, which binds to the kappa-B consensus sequence
50-GGRNNYYCC-30, located in the enhancer region of
ontrol group. (B) Baicalin group. (C) Coinfection group, the red circle
er of inflammatory cells. (D) Baicalin treatment group, the green circle



Figure 2. Histological assessment of tracheal tissues (100!). (A) Control group. (B) Baicalin group. (C) Coinfection group, the red circle shows the
mucosal layer hyperplasia, goblet cells increased. (D) Baicalin treatment group, the green circle shows the mucosal layer thickening was reduced and
the cilia gradually recovered.
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genes involved in immune response and acute phase re-
actions. Transcription factor AP-1: transcription factor
that recognizes and binds to the enhancer heptamer
motif 50-TGA[CG]TCA-30, may bind to the USP28 pro-
moter (AP-1) and CCAAT/enhancer-binding protein
beta (C/EBPb), and it is an important transcriptional
activator regulating the expression of genes involved in
immune and inflammatory responses. The sequence of
these 5 proteins was obtained from the UniProt data-
bases (Universal Protein Resource) (UniProt
Consortium, 2018). The UniProtKB IDs were as follows:
TRAF6, E1C626; CIKS, F1NQU5; NF-kB, Q04861;
AP-1, P18870; and C/EBPb, Q05826.
As the 3D structure of these 5 proteins (Gallus gallus)

has not been elucidated yet, method of comparative
modeling was used for their 3D structure. This alignment
was submitted to the SWISS-MODEL server (Arnold
et al., 2006; Guex et al., 2009) to construct the model us-
ing the alignment mode. Furthermore, PyMol (Delano,
2002) (version 2.3) software package was used to erase
the heteroatoms, water molecules, and inhibitor present
in the structure and saved as a PDB file. The 3D struc-
tures of the ligand molecule (baicalin) was built, opti-
mized, and stored as a Mol2 file with the help of the
TCMSP databases (Ru et al., 2014). The format of pro-
teins and ligand was converted to the PDBQT files by
the Open Babel (The Open Babel Package, version
2.3.1) (O’Boyle et al., 2011) before docking. The
nonbonding interaction of ligand–protease was calculated
using Autodock Vina software package (Trott and Olson,
2010) for docking analysis. After docking, the interaction
of the 5 proteins and baicalin with the lowest affinity
score for the receptors were selected for further analysis.

Statistical Analysis

Data are presented as mean results 6 SD. All the ex-
periments were performed in triplicates (n 5 3) unless
otherwise mentioned. The significance was determined
using one-way ANOVA followed by Dunnett T3 test.
The data were analyzed by using the GraphPad Prism
(version 5.01). Values with P, 0.05 were considered sta-
tistically significant. Heatmaps were made by Heatmap
Illustrator software (1.03.7).
RESULTS

Histological Examination of Chicken Lung
and Trachea

The photomicrographs of histopathological examina-
tion are shown in Figure 1. It has been examined that
the alveolar structure was complete and the single-
layer ciliated columnar epithelium structure was clearly
visible in the control group (Figure 1A). The alveolar
structure of group B was intact, with no obvious lesions
(Figure 1B). It was clearly observed that the alveolar
cavity was reduced and substantial lesions occurred,
accompanied by a large amount of inflammatory cell
infiltration (Figure 1C) in the coinfection group. In the
baicalin treatment group (group D), the alveolar inter-
val was widened and the capillaries were dilated and
congested (Figure 1D).

Histological assessment of tracheal tissues (Figure 2)
showed that the structure of the mucosal epithelium
and lamina propria was tight, and the cilia are evenly
arranged in the control group (Figure 2A) and the
baicalin-alone group (Figure 2B). Although in the
coinfection group (Figure 2C), hyperplasia occurred in
mucosal layer, the number of goblet cells increased
and cilia were almost completely missing. The tracheal
pathological characteristics after baicalin treatment
improved significantly, the mucosal layer thickening
was reduced and the cilia gradually recovered
(Figure 2D).



Figure 3. The heatmap of 13 IL-17 signaling-related genes from
qPCR. A bright red indicates stronger upregulation and a green color in-
dicates no significant change in expression. The values with star differ
significantly (with * 0.01 , P , 0.05) or very significantly
(with **P , 0.01) compared with the control group.
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Quantitative RT-PCR Verification on IL-17
Signaling in the Lung

Based on our previous study on IL-17 signaling
pathway activation caused by coinfection, we screened
13 genes to explore the therapeutic effect of baicalin,
including upstream (IL-17C, TRAF6, CIKS, NF-kB,
AP-1, and C/EBPb) and downstream genes (CXCL1,
CXCL2, CXCL8, MMP1, MMP3, GM-CSF, and
MUC5AC). The mRNA expression of genes was used
to produce a heatmap for the relationships between the
3 groups, as shown in Figure 3. The heatmap shows
that coinfection significantly activated the IL-17
signaling compared with the control group, and the
downstream products were significantly reduced in
baicalin-treated group. Among these upstream genes,
IL-17C, TRAF6, and NF-kB show significant differ-
ences. Meanwhile, the downstream genes (CXCL1,
CXCL2, MMP1, GM-CSF, and MUC5AC) showed
significant differences and were selected for further
investigation.
Influence of Baicalin Treatment on
Cytokines and Chemokines in the Lung

To determine the effects of baicalin treatment, the in-
fluence of the 4 groups was determined by measuring the
concentrations of CXCL1, CXCL2, MMP1, GMCSF,
and MUC5AC in the lungs by using a sandwich ELISA.
The results showed that compared with the control
group, an increase in the expression of explosive IL-17
related cytokines and chemokines (P , 0.01) has been
noted in the coinfection group, and the expression of
cytokines and chemokines decreased significantly in
baicalin-treated group (Figure 4). However, there was
no significant increase (P . 0.05) in the baicalin control
group compared with the control group.

The Three-Dimensional Models and
Molecular Docking

The three-dimensional models of the 5 proteins were
shown in Figure 5A. The percentages of the best sequence
identity were as follows: TRAF6, 84.81%; CIKS, 20.28%;
NF-kB, 92.92%; AP-1, 98.39%; and C/EBPb, 94.81%.
The previous study found that the protein comprising
the same family and containing at least 30% identity in
sequence alignment can be a suitable template
(Khan et al., 2016). The structure of baicalin is shown
in Figure 5B. The molecular docking was performed to
find out the best candidates based on their binding scores
by using AutoDock Vina. The predicted binding affinity
is in kcal/mol (energy). The docking scores were as
follows: TRAF6, 26.1 kcal/mol; CIKS, 26.1 kcal/mol;
NF-kB, 27.3 kcal/mol; AP-1, 25.7 kcal/mol; and C/
EBPb, 26.2 kcal/mol. As the higher fitness score indi-
cates the better docking interaction between ligand and
protein, therefore, we chose the docking interaction of
baicalin and NF-kB for further study because of its higher
score and interaction.

Molecular Interaction of BaicalinWith NF-kB

The ligand (baicalin)-receptor (NF-kB) complex was
generated by PyMol and the interaction analysis was
analyzed by Protein–Ligand Interaction Profiler
(Salentin et al., 2015) as shown in (Figure 5C). Baicalin
was surrounded by 5 hydrogen bonds (GLY59B,
ALA252B, THR346B, and GLU348B) and 2 hydropho-
bic bonds (TYR245B and ALA249B) interacting with
the receptor protein.
DISCUSSION

Previous studies demonstrated that MG-induced his-
topathological changes accompaniedwith severe inflam-
matory response in chicken lung and trachea (Bao et al.,
2020; Ishfaq et al., 2020a). Similarly, avian pathogenic
E. coli also induced pathological changes and caused se-
vere lung damage (Peng et al., 2019). Several studies
examined histopathological changes in lungs and
mucosal respiratory epithelium with increased inflam-
mation in coinfection of MG with other respiratory
pathogens including E. coli (Stipkovits et al., 2012;
Xiao et al., 2014; Sid et al., 2015; Wu et al., 2020). In
the present study, increased expressions of inflamma-
tory cytokines were observed in chicken lung in MG or
E. coli single or mixed infection group. However, baica-
lin partially ameliorated histopathological changes in
MG or E. coli single or combined infection group. These



Figure 4. Scatter plot of IL-17 downstream cytokines and chemokines (CXCL1, CXCL2, MMP1, GM-CSF, and MUC5AC) detected by ELISA in
the lung tissues. The values with star differ significantly (with * 0.01 , P , 0.05) or very significantly (with **P , 0.01) compared with the control
group.
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findings are in line with previous studies that baicalin
alleviated histopathological and suppressed the
increased expression of inflammatorymarkers in chicken
lung during E. coli or MG infection (Ding et al., 2016;
Figure 5. Three-dimensional models of the 5 proteins (A) and baicalin
protease of NF-kB (pose predicted by AutoDock Vina; the interaction analy
line represents hydrogen bond, and the gray dotted line represents hydroph
Ishfaq et al., 2019b; Wu et al., 2019a). These findings
aid in understanding the therapeutic role of baicalin in
coinfection. However, further studies are needed
to investigate the dose–response, bioavailability,
template (B). (C) Nonbonding interactions of baicalin with the main
sis was analyzed by Protein–Ligand Interaction Profiler). The blue solid
obic interactions.
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administration route and dose optimization studies of
baicalin in chicken coinfection models.

Researchers reported that respiratory pathogen–
induced lung damage was associated with changes in in-
flammatory cytokines and/or chemokines and signaling
pathways (Melvin and Bomberger, 2016), including
IRF1, STAT1, and NOD-like receptor ligands (Feng
et al., 2016), CXCL8 and C/EBPb (Huang et al.,
2017), and IL-17 (Kurai et al., 2013; Jungnickel et al.,
2017), were commonly reported. In the present study,
key inflammatory mediators including upstream and
downstream mediators were selected based on our previ-
ous findings (Wu et al., 2019b), and their mRNA and pro-
tein expression were examined by qRT-PCR and ELISA
assays, respectively. Our results indicated that IL-17C,
TRAF6, NF-kB, CXCL1, CXCL2, MMP1, GM-CSF,
and MUC5AC gene mRNA expression were significantly
enhanced in coinfection group. The proteins expression
results were in consistence and CXCL1, CXCL2,
MMP1, GMCSF, and MUC5AC gene protein expression
were increased in coinfection group. Meanwhile, baicalin
significantly reduced the expression of these inflamma-
tory markers both at mRNA and protein level. The previ-
ous study showed that baicalin effectively protects
against allergic asthma in mice by regulating the immu-
nological imbalance of Th17 responses (Xu et al., 2017),
and baicalin significantly reduced related gene expres-
sions, including IL-6, TNF, CXCL1, CXCL10, MMP3,
MMP13, and Nos2 in a knee osteoarthritis mice model
(Xing et al., 2017). Our findings showed that baicalin
has a therapeutic effect on coinfection through the
IL-17 signaling pathway. Hence, we conducted in vitro
studies on the molecular docking of baicalin with
IL-17-related target proteins for further research.

In the present study, docking results were as follows:
TRAF6, 26.1 kcal/mol; CIKS, 26.1 kcal/mol; NF-kB,
27.3 kcal/mol; AP-1, 25.7 kcal/mol; and C/EBPb,
26.2 kcal/mol. The higher fitness score indicates the
better docking interaction between ligand and protein,
so the interaction of NF-kB with baicalin has the stron-
gest binding ability among IL-17 upstream-related pro-
teins. Previous studies showed that baicalin protects
against chronic gastritis in rat by inhibiting Akt/NF-
kB pathway, and the molecular docking analysis showed
baicalin had affinity with NF-kB (p65, PDB ID: 3QXY)
(Ji et al., 2019). The interaction between baicalin and
P2Y12 receptor (PDB ID: 4PY0) were determined by
molecular docking (Sheng et al., 2018), which demon-
strated fit interaction (28.4 kcal/mol). In silico analysis
using molecular docking demonstrated close interactions
between baicalin and chikungunya virus envelope pro-
tein with considerably strong binding affinity of
29.7 kcal/mol (Oo et al., 2018). Baicalin was found to
have a wide range of antiviral, antibacterial, and anti-
inflammatory effects through the method of molecular
docking. Our study provides a new insight through mo-
lecular docking that how baicalin inhibits IL-17 inflam-
matory storm caused by coinfection in chicken.
Nevertheless, future interaction studies are required to
scrutinize the complex relationship between baicalin
and its molecular targets that could provide better un-
derstanding of ligand-binding interaction and signaling
pathways, and these finding could facilitate the treat-
ment of various inflammatory diseases.
In conclusion, baicalin partially ameliorated abnormal

morphological changes in single or combined coinfection
group in chicken lung and trachea. In addition, the
increased level of NF-kB and its downstream genes
were significantly reduced in chicken lung. Moreover,
docking revealed higher interaction between NF-kB
and baicalin. These results provide basis for further mo-
lecular studies to investigate the interaction between
baicalin and targets.
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