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ABSTRACT Broiler ascites syndrome (AS), is a nutri-
tional and metabolic disease that occurs in fast-growing
commercial broiler chickens. AS can cause poor growth
and a significant increase in the rate of broiler deaths,
which has resulted in serious economic losses to the poul-
try industry. The classic traditional Chinese medicine
Qiling Jiaogulan Powder (QLJP) has been demonstrated
to have a certain therapeutic effect on broiler AS. How-
ever, its pharmacological mechanism remains to be eluci-
dated. This study was performed to investigate the
multitarget action mechanism of QLJP in the treatment
of broiler AS based on network pharmacology analysis
using a broiler AS model. First, all chemical components
and targets of QLJP were obtained from the Traditional
Chinese Medicine System Pharmacology Analysis Plat-
form (TCMSP). Targets related to broiler AS were fur-
ther obtained through the GeneCards database and the
NCBI Gene sub-database. A protein−protein interaction
(PPI) network was constructed. Then, enrichment anal-
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yses were performed to predict the potential mechanisms
of QLJP in the treatment of broiler AS. Finally, the treat-
ment effect of QLJP on AS was verified in a broiler AS
model. Network pharmacology analysis generated 49
active ingredients and 167 core targets of QLJP, and a
QLJP−single drug−target−disease network was success-
fully constructed. Gene enrichment analysis indicated
that the core targets have played major roles in the Cell
cycle, FOXO signaling pathways, etc. We demonstrated
that QLJP improved clinical and organ damage symp-
toms and significantly reduced the ascites heart index in
broilers with AS induced by administration of high-
energy, high-protein diets and high-sodium drinking
water in a low-temperature environment. QLJP may reg-
ulate lung oxidative stress, the cell cycle and apoptosis by
activating the FOXO3a signaling pathway to interfere
with the occurrence and development of AS in broilers.
QLJP administration may be a good clinical strategy for
the prevention and treatment of broiler AS.
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INTRODUCTION

Broiler ascites syndrome (AS), also known as broiler
pulmonary hypertension syndrome (PHS), is a nutri-
tional metabolic disease that occurs in fast-growing com-
mercial broilers (Kalmar et al., 2013). This disease can
cause massive economic losses to the poultry industry
worldwide (Wideman et al., 2011). Studies have found
that low temperature and high-energy, high-protein,
and high-sodium diets, which can increase the metabolic
rate and tissue oxygen consumption of broilers, resulting
in relatively hypoxic in broilers (Julian, 1993; Wideman
et al., 2013). Hypoxia in broilers causes some symptoms
such as tissue oxygen free radical damage, increased car-
diac output, insufficient pulmonary blood volume, right
heart hypertrophy, and pulmonary arterial hyperten-
sion. Indeed, Pulmonary arterial hypertension (PAH) is
the central event in the onset of broiler AS. The continu-
ous development of PAH leads to comprehensive patho-
physiological changes such as increased tissue oxidative
stress damage, pulmonary vascular remodeling, right
heart failure and ascites (Humbert et al., 2004). The
main pathological feature of PAH is vasoconstriction,
excessive cell proliferation, apoptosis resistance, and
increased deposition of extracellular matrix components,
which contributes to increase pulmonary vascular resis-
tance and decreased compliance (Bordenave et al.,
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2019). It has been reported that hypoxia is the basis of
the pathogenesis of lung diseases, causing damage or
dysfunction of the pulmonary endothelium, which
abnormally secretes inflammatory factors, growth fac-
tors and vasoactive factors, etc. Then these factors indu-
ces increased cell proliferation and apoptosis resistance
in pulmonary arteries, and abnormal synthesis of extra-
cellular matrix, lead to increasing pulmonary artery
remodeling, ultimately leading to the occurrence of PAH
(Stenmark et al., 2006; Tuder et al., 2007). It has been
proved that the balance between cell proliferation and
apoptosis is an important mechanism for maintaining
the integrity of organ functions (Courboulin et al.,
2012). All these findings prove that cell proliferation and
apoptosis play important roles in PAH, which is of great
significance for screening drugs to treat AS in broilers.

Traditional Chinese Medicine has been used in the
diagnosis and pathophysiological treatment of diseases
for thousands of years (Xu et al., 2013). At present, Tra-
ditional Chinese Medicine is widely used in the treat-
ment of broiler AS (Shi et al., 2005; Qi and Wang, 2006;
Dai et al., 2007). QLJP is a classic traditional Chinese
medicine compound in the Veterinary pharmacopoeia,
which is composed of Astragalus membranaceus, Poria
cocos, Arnebia euchroma, Gynostemma pentaphyllum,
and Alisma orientale. Astragalus membranaceus has the
ability to inhibit cell proliferation, induce apoptosis, cell
cycle arrest and decrease metastasis, thereby exerting a
wide range of pharmacological effects such as anti-
inflammatory, antioxidant, and inhibiting pulmonary
hypertension (Hu et al., 2009; Fu et al., 2014; Wang
et al., 2021). Poria cocos has important pharmacological
activities in anti-inflammatory, antioxidant, cell cycle
arrest and apoptosis (Ríos, 2011; Zhao et al., 2020). Shi-
konin is one of the main active ingredients of Arnebia
euchroma, which can significantly inhibit the expression
of Cyclins D1 and E, promote the expression of p21, and
has a clear effect on anti-proliferation, promoting apo-
ptosis and blocking cell cycle progression of VSMC
(Zhang et al., 2005). Gynostemma pentaphyllum has a
wide range of pharmacological effects in clinical applica-
tions, including antioxidant (Li et al., 2015), cell cycle
arrest (Tsui et al., 2014; Zhang et al., 2015), antiprolifer-
ation and induction of apoptosis (Wang et al., 2007;
Cheng, et al., 2011). In addition, Studies have confirmed
that Alisma orientale has the pharmacological effects of
anti-inflammatory, inducing cell cycle arrest and apo-
ptosis (Wei et al., 2018; Feng et al., 2021). However, the
active ingredients and pharmacological mechanism of
QLJP remains to be elucidated.

Network pharmacology combines the field of systems
biology with pharmacokinetic and pharmacodynamic
properties to study drugs, protein targets, and pharma-
cological activities in order to explore how drugs work
(Liu et al., 2015). Network pharmacology is based on
drug−gene−target−disease interaction networks and
systematically provides information on the effects of
drugs on some diseases (Zhang et al., 2019). This
approach is in line with the theory of traditional Chinese
medicine, which emphasizes the diagnosis and treatment
of diseases from a holistic perspective and takes advan-
tage of the synergy between Chinese herbs and their
compounds (Yuan et al., 2017). In this study, we first
used network pharmacology methods to analyze the
active ingredients of QLJP and their potential targets
and pathways and clarified the synergistic effects and
mechanism of QLJP, and preliminarily screened the
FOXO signaling pathway.
Forkhead box O3 (FOXO3a), an important tran-

scriptional regulator in the FOXO subfamily, is an
important regulator of cell differentiation, metabolism,
follicle maturation, cell proliferation, apoptosis, DNA
damage repair, and oxidative stress in mammalian cells
(Brown and Webb, 2018; Tia et al., 2018). FOXO3a is
activated by posttranslational modifications, after
which it can induce the expression of downstream target
genes, including antioxidant genes, apoptosis and cell
cycle genes, and exert a variety of biological effects
(Wang et al., 2016). Studies have found that FOXO3a
can enhance the ability of cells to resist oxidative stress
under hypoxic conditions (Li et al., 2010; Reiterer and
Milton, 2020). In addition, FOXO3a has been found to
inhibit VSMC proliferation, endothelial cell migration,
cardiomyocyte proliferation and hypertrophy, and anti-
oxidative stress in rat experiments (Papanicolaou et al.,
2008). Other study also showed that the regulation of
FOXO3a signaling pathway is a potential new therapeu-
tic mechanism for anti-hypertensive vascular remodeling
and protection of target organs (Chung et al., 2012). We
speculated that FOXO3a signaling pathway may play a
regulatory role in the pathogenesis of broiler AS. There-
fore, based on the network pharmacology analysis, we
conducted an animal experiment to verify the mecha-
nism of QLJP in the treatment of AS in broilers via the
FOXO3a signaling pathway.
MATERIALS AND METHODS

Screening of Bioactive Compounds in QLJP
and Disease Target Prediction

The compounds and compound-related targets of
QLJP were collected from the Traditional Chinese Med-
icine Systems Pharmacology database (http://tcmspw.
com/tcmsp.php). Oral bioavailability (OB) and drug-
likeness (DL) are commonly used parameters for screen-
ing of active compounds in herbs. The compounds of
QLJP were searched in the TCMSP database, and com-
pounds with OB ≥ 30% and DL ≥ 0.18 were selected as
the active compounds of QLJP. According to the
"related targets" function in the TCMSP database, the
targets corresponding to the compounds were retrieved,
and the target protein names were uniformly converted
into gene names using the UniProt database (https://
www.uniprot.org/). In addition, a QLJP−single drug
−compound−target network was constructed with
Cytoscape 3.6.1 software. Broiler AS-related genes were
collected from two databases, namely, the GeneCards
database and the NCBI Gene sub-database.

http://tcmspw.com/tcmsp.php
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Protein−protein Interaction (PPI) Network
Construction

The complex interrelationships between drugs and
diseases can be clarified through visualization of protein
interaction networks and drug−active ingredient−tar-
get−disease networks. Drug active compounds can
directly or indirectly act on disease targets to exert ther-
apeutic effects, and the formation and treatment of dis-
eases are also directly or indirectly related to their
targets. The BisoGenet plugin of Cytoscape 3.6.1 was
used to construct a drug−compound−target PPI net-
work and a disease−target PPI network. The Merge
function was used to merge the 2 PPI networks and
extract the intersecting network in order to obtain the
direct and indirect targets of QLJP in the treatment of
broiler AS. The CytoNCA plugin of Cytoscape was used
to screen the core targets of QLJP in the treatment of
broiler AS, and a QLJP−single drug−target−disease
network was constructed.
Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes
(KEGG) Pathway Enrichment Analysis

GO enrichment analysis is often used to annotate the
functions of genes and their gene products. It includes
three biological categories, namely, the molecular func-
tion (MF), biological process (BP), and cellular compo-
nent (CC) categories. The KEGG can be used to
conduct pathway enrichment analysis of targets, which
is helpful for exploring the mechanisms of drugs in the
treatment of diseases. In this study, the OmicShare
database was used to perform GO functional and
KEGG pathway enrichment analyses on the screened
core targets in order to elucidate the potential gene func-
tions and signaling pathways of the targets of the active
ingredients in QLJP through which QLJP helps treat
broiler AS.
Animal Experiment Design

All experiments were approved and conducted in
accordance with the guidelines of the Animal Ethics
Committee of Shanxi Agricultural University. The com-
ponents of QLJP were radix astragalus (Astragalus
membranaceus (Fisch.) Bunge., Huangqi), poria (Poria
cocos (Schw.) Wolf., Fuling), radix arnebiae (Arnebia
euchroma (Royle) Johnst., Zicao), herba gynostemmae
(Gynostemma pentaphyllum (Thunb.) Makino., Jiaogu-
lan), and rhizoma alismatis (Alisma orientale (Sam.)
Juzep., Zexie) (all purchased from Taigu County Medic-
inal Materials Company, Shanxi, Taigu, China). The 5
traditional Chinese herbs were pulverized into powder,
sieved, and mixed in a ratio of 4:7:3:3:3 to obtain QLJP,
and the dosage of QLJP used in this experiment was
referred to the Veterinary Pharmacopoeia of the Peo-
ple’s Republic of China (Chinese Veterinary Pharmaco-
poeia Committee, 2017). One hundred and fifty 1-day-
old Ross 308 broilers (37−42 g) and a standard diet were
purchased from Shanxi Wenshui Elephant Poultry Co.,
Ltd. (Shanxi, Taigu, China). After 7 d of adaptive feed-
ing, the birds were divided into 6 groups: the control
group (20 birds); the model group (26 birds); the L-argi-
nine (L-Arg) group (26 birds); and QLJP low-, medium-,
and high-dose groups (26 birds of each group). The
broilers were allowed to drink and eat freely. All
broilers in the control group were given a regular diet
and tap water in an environment of 22 to 25°C. Those
in other groups were provided with a high-calorie diet
(supplemented with 3% lard and 4% fish meal), a water
with 0.12% salt, and a low temperature of 9 to 11°C to
induce broiler AS. In addition, the broilers in the L-
Arg group received a diet mixed with 1% L-arginine
(Ahmadipour et al., 2018). Each QLJP group was fed
a diet mixed with QLJP (high, medium, and low:
0.4%, 0.2%, and 0.1%).
At 21, 28, 35, and 42 d of age, 5 broilers were ran-

domly selected from each group and weighed, and
changes were observed by clinical examination and nec-
ropsy. The chest cavity was opened, and the lungs and
heart were quickly and completely removed. The ascites
heart index (AHI) was examined, and a small piece of
lung tissue was cut, quickly placed in liquid nitrogen and
then transferred to a �80°C freezer for storage.
The clinical symptoms of broilers with AS included

cyanosis of the wattles and skin, reduced weight, and an
enlarged abdomen with fluctuating size. The signs of AS
on necropsy included a large amount of yellow clear fluid
in the abdominal cavity, pericardial effusion, liver con-
gestion and enlargement, a yellow jelly like substance on
the liver surface, and an ascites volume greater than
20 mL. The onset of AS was determined based on the
above symptoms, and the AHI >0.25 is another index to
judge the occurrence of broiler AS (Julian et al., 1989).
The right ventricle was cut away from the left ventricle
and septum, the RV and TV were recorded. The AHI
was calculated as the ratio of the right ventricular
weight (RV) to the total ventricular weight (TV)
(Julian, 1987).
Observation of Lung Histopathology

Fresh lung tissue was cross-sectioned along the left
hilum and fixed with 4% paraformaldehyde. According
to the conventional paraffin section method, the lungs
were cut into slices with a thickness of approximately
5 mm and stained with hematoxylin-eosin to observe the
pathological changes in the lungs (microscope model:
Nikon Eclipse ci, imaging system: Nikon DS-FI2).
Estimation of the Oxidation/Antioxidation
Index

Next, 0.1 g of each lung tested was used to prepare a
10% tissue homogenate using a low-temperature homog-
enizer. Then, the tissue homogenate was centrifuged at
2500 rpm for 10 min at 4°C, and the supernatant was
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taken for index detection. The double antibody sand-
wich method was used to detect the levels of lung oxida-
tion/antioxidation indicators with a chicken superoxide
dismutase (SOD) ELISA kit, a chicken glutathione per-
oxidase (GSH-Px) ELISA kit, a chicken catalase
(CAT) ELISA kit, and a chicken malondialdehyde
(MDA) ELISA kit (Shanghai Enzyme-linked Biotech-
nology Co., Ltd, Shanghai, China) according to the
instructions.
Real-time Fluorescence Quantitative PCR
Detection of Broiler Lung Tissue

The lung samples were washed with prefrozen diethyl
pyrocarbonate water, immediately frozen in liquid nitro-
gen and stored at �80°C. Approximately 100 mg of each
preserved sample was ground thoroughly with liquid
nitrogen in a precooled mortar. Total RNA was
extracted with TRIzol (Invitrogen, Carlsbad, CA). The
RNA concentration was determined, and RNA with a
D260/D280 ratio of 1.8 to 2.0 was used for reverse tran-
scription. Then, reverse transcription was performed
with a PrimeScript RT Reagent Kit with gDNA Eraser
(TaKaRa, Dalian, China) according to the manufac-
turer’s instructions. Real-time fluorescent quantitative
PCR was used to detect FOXO3a, Tumor Protein P53
(TP53), B cell lymphoma/leukemia 2 (BCL2), Cyclin-
dependent kinase 2 (CDK2) and CyclinD1 (CCND1)
gene expression levels, with b-actin as the internal refer-
ence, with a SYBR Green Remix Ex Taq kit (TaKaRa,
Dalian, China) according to the manufacturer’s instruc-
tions. The 2�DDCt method was used for relative quantita-
tive analysis of the data, and the relative expression of
the target genes in each sample was calculated.
Immunohistochemical Detection of FOXO3a
Protein Expression in the Lungs

An immunohistochemical assay was performed with a
FOXO3a polyclonal primary antibody (LSBio, Seattle,
WA), an HRP goat anti-rabbit IgG secondary antibody
and a DAB color reagent kit (ZSGB-BIO, Beijing,
China). A FOXO3a immunohistochemical assay was
performed on lung tissue according to a standard proce-
dure. Under the microscope, a brownish-yellow color
was observed on the sites with positive expression of
FOXO3a. Image-Pro Plus 6.0 image analysis software
was used to determine the average optical density
(AOD) of FOXO3a-positive cells, and the AOD value
represents the protein expression of FOXO3a. A total of
10 fields of view were randomly selected and assessed.
Their average value was used as the representative value
of the section.
Detection of TP53, BCL2, CDK2, and CCND1
Protein Levels in the Lungs

Lung tissue (0.1 g) was added to 100 mL of precooled
PBS (pH 7.4), and a tissue homogenate was prepared by
using a low-temperature homogenizer. The homogenate
was centrifuged at 3,000 rpm for 20 min at 4°C, and the
supernatant was collected for detection. According to
the instructions of a chicken Tumor protein p53 (TP53)
ELISA kit, a chicken B cell leukemia/lymphoma 2
(BCL2) ELISA kit, a chicken Cyclin-dependent kinase
2 (CDK2) ELISA kit, and a chicken CyclinD1
(CCND1) ELISA kit, the double antibody sandwich
method was used to detect the protein levels of TP53,
BCL2, CDK2, and CCND1 (Shanghai Enzyme-linked
Biotechnology Co., Ltd, Shanghai, China).
Statistical Analysis

All data were expressed as the mean § SEM. One-way
ANOVA was performed using statistical software SPSS
23.0. Differences was considered statistically significant
at P < 0.05 or P < 0.01. Asterisks represented that these
differences between the control group and the model
group were statistical significance, and pound signs sig-
nified that the values were statistically different between
the model group and the QLJP groups, L-Arg group
(*P < 0.05, **P < 0.01; #P < 0.05, ##P < 0.01).
RESULTS

QLJP−Single Drug−Compound−Target
Network Construction

Compounds without corresponding targets, dupli-
cates and target proteins without corresponding gene
names were eliminated, and a total of 49 active com-
pounds were identified in QLJP from the TCMSP data-
base according to the screening conditions. The active
compounds according to the degree value are listed in
Supplementary Table 1. Sixteen compounds were found
in Astragalus membranaceus, 6 compounds were found
in Poria cocos, 11 compounds were found in Arnebia
euchroma, 13 compounds were found in Gynostemma
pentaphyllum, and 7 compounds were found in Alisma
orientale. In addition, 196 potential targets correspond-
ing to the active compounds of QLJP were obtained.
The numbers of targets differed for the different com-
pounds, and the targets overlapped significantly. A
QLJP−single drug−compound−target network was
constructed (Figure 1). In this network, we found that
172 targets were connected to at least two compound
molecules, and approximately 87.8% of proteins shared
common ligands with other proteins. Moreover, most of
the active compounds in the network were connected to
at least two targets, which also indicated that the active
compound molecules in QLJP may coordinate with each
other to act on the entire biological network. These
results reflect the mechanism of mutual action among
the multiple components and multiple targets of QLJP,
which is also consistent with the general characteristics
of traditional Chinese medicine compound prescriptions.



Figure 1. QLJP−single drug−compound−target network. Purple rhomboid node represent QLJP, Orange hexagon nodes represent Chinese
Herbs, Green triangle nodes represent active compound, Blue figure nodes represent targets.
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PPI Network Construction and Analysis

Using “ascites syndrome” and “broilers” as keywords
for searching and screening, a total of 72 target genes
closely related to AS were obtained, of which 68 and 4
related targets were retrieved from the GeneCards and
Gene databases, respectively. A PPI network of QLJP
potential targets and AS targets was constructed
through the Merge function of Cytoscape, and 1,865 tar-
gets were obtained with 42,930 relationships
(Figure 2A). The CytoNCA plugin was used to analyze
the network. The nodes with the most connected targets
were considered potential key targets. The targets for
QLJP in the treatment of broiler AS were screened using
parameters such as the degree value, medium degree,
and tightness. The initial screening was based on a
degree value ≥60. The QLJP−target−disease protein
interaction network was then developed, and 467 targets
were obtained with 16,681 interrelationships among the
targets (Figure 2B). In the second screening, a degree
value ≥95, a betweenness ≥3,732.7, and a closeness
≥0.32 were used to select core targets for QLJP in the
treatment of AS in broiler, and 167 targets were
obtained, with 4,256 interrelationships among targets
(Figure 2C). Then, a QLJP−single drug−target−disease
network was successfully constructed (Figure 3).
Figure 2. Drug-target-disease interaction network. (A) PPI network o
network. (C) Core targets of QLJP in the treatment of broilers AS.
According to the relationship between the core targets
and the single drugs in QLJP, Astragalus membranaceus
had the strongest effects on the core targets, playing
major roles in combating AS in broilers. There was sig-
nificant target overlap among the single herbs, which
suggests that the five herbs in QLJP may have a syner-
gistic effect.
GO Function Analysis and KEGG
Enrichment Analysis

GO functional enrichment for the 167 core targets
resulted in the identification of 117 BP terms, which
mainly included the positive regulation of fibroblast pro-
liferation, positive regulation of transcription from RNA
polymerase II promoter, positive regulation of transcrip-
tion, DNA templates, DNA repair, negative regulation
of the cell cycle, regulation of apoptotic process, negative
regulation of smooth muscle cell proliferation, negative
regulation of cell proliferation, regulation of endothelial
cell proliferation, response to hypoxia, positive regula-
tion of nitric oxide biosynthetic process, inflammatory
responses and cellular response to lipopolysaccharide
terms. There were enriched 37 terms in the MF category;
these terms were mainly related to damaged DNA
f QLJP and broiler AS. (B) QLJP−target−disease protein interaction



Figure 3. QLJP−single drug−target−disease network. FF: Qiling Jiaogulan Powder, HQ: Astragalus membranaceus, JGL:Gynostemma penta-
phyllum, FL: Poria cocos, ZX: Alisma orientale, ZC: Arnebia euchroma.
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binding, protein binding, transcription factor binding,
transcription factor activity, TPR domain binding,
nitric oxide synthase regulating enzyme activity, ATP
binding, and poly(A) RNA binding. In addition, there
were 15 terms in the CC category; these terms were
mainly related to exosomes, nuclei, cell components, and
cytoplasmic membranes.

Further KEGG enrichment analysis identified 35 sig-
naling pathway terms, including the Cell cycle, FOXO
signaling pathway, Adherens junction, Regulation of
actin cytoskeleton, Focal adhesion, MAPK signaling
pathway, Apoptosis, TGF-b signaling pathway, ErbB
signaling pathway, Wnt signaling pathway, NOD-like
receptor signaling pathway, Toll-like receptor signaling
pathway, Insulin signaling pathway, VEGF signaling
pathway, and P53 signaling pathway, etc. These signal-
ing pathways play important roles in the mechanisms of
the active compounds in QLJP for the treatment of
broiler AS.
OmicShare was used to visualize the top 20 GO terms
and the top 10 KEGG pathways (Figure 4) (https://
www.omicshare.com/).
Effect of QLJP on Clinical Necropsy
Changes in Broilers

The onset of AS was determined based on the clinical
symptoms of broiler chickens, changes in necropsy phe-
notypes, and ascites volumes. The results showed that
compared to those of the control group, the broilers of
the model group were lighter, with disheveled feathers
and enlarged abdomens. At the later stage of the trial,
the broilers of the model group had cyanosis; shortness
of breath; soft, fluctuating abdomens; and 50 to 200 mL
of clear yellow liquid. Necropsy showed pericardial effu-
sion, ventricular hypertrophy, liver congestion and
swelling with a jellylike substance attached to the

https://www.omicshare.com/
https://www.omicshare.com/


Figure 4. GO functional analysis and KEGG enrichment analysis. (A) GO functional analysis bubble diagram. (B) KEGG enrichment pathway
bubble diagram. The Y axis represents the name of GO term or Pathway, the X axis represents the enrichment factor, the size of the bubble repre-
sents the number of genes belonging to this Goterm or Pathway in the target gene set, and the color of the bubble represents the significance of
enrichment, that is, the size of the P value.
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surface, pulmonary congestion and edema and other
symptoms. On the other hand, compared to those from
the model group, the broilers from the QLJP groups and
the L-Arg group had better appetites, larger bodies,
neater feathers, brighter red wattles, and normal skin
color. After necropsy, there was no ascites in the abdom-
inal cavity. The organs in the abdominal cavity were
normal, but a small amount of pericardial effusion was
seen in some cases. These results demonstrated that the
establishment of the broiler AS animal model was suc-
cessful and that QLJP improved the clinical necropsy
phenotypes of broilers.
Effect of QLJP on Body Weight and the AHI
of Broilers

The results in Figure 5A show that at 21, 28, and 35 d
of age, the body weights of broilers in the model group
were significantly lower than those of broilers in the con-
trol group (P < 0.05 or P < 0.01). At each time point,
the body weights of broilers in the QLJP high-dose
group were significantly higher than those of broilers in
the model group (P < 0.05 or P < 0.01). At 21, 28 and
42 days of age, the body weights of broilers in the QLJP
medium-dose group were significantly higher than those
of broilers in the model group (P < 0.05 or P < 0.01). At
21 and 42 days of age, the body weights of broilers in the
L-Arg group were significantly higher than those of
broilers in the model group (P < 0.01).

The AHIs of the different treatment groups are shown
in Figure 5B. The AHI of the model group was signifi-
cantly higher than that of the control group at each
time point (P < 0.05 or P < 0.01). The AHI of broilers in
the QLJP high-dose group was significantly lower than
that of broilers in the model group at each time point
(P < 0.05 or P < 0.01). At 28, 35, and 42 d of age, the
AHI of broilers in the QLJP medium-dose group was sig-
nificantly lower than that of broilers in the model group
(P < 0.01). At 35 and 42 d of age, the AHI of broilers in
the QLJP low-dose group was much lower than that of
broilers in the model group (P < 0.01). At 35 and 42 d of
age, the AHI of broilers in the L-Arg group was signifi-
cantly lower than that of broilers in the model group
(P < 0.01). The above results indicate that QLJP
increased the body weight of the broilers, significantly
reduced the AHI of the broilers, and reduced the occur-
rence of AS in the broilers.
Protective Effect of QLJP against Lung
Damage of Broilers

As shown in Figure 6, compared to the QLJP groups
and the L-Arg group, the model group exhibited a signif-
icantly wider pulmonary interstitium, dilated alveoli
and alveolar ducts, significantly thickened walls of pul-
monary arterioles, later-stage alveolar wall thickening,
atrophy of some of the alveoli, significant lumen narrow-
ing, and coverage of the perivascular edema with a large
number of inflammatory cells. These results suggest that
QLJP protects broiler lungs from AS.
Effects of QLJP on Lung SOD, GPX, CAT,
and MDA Levels

As shown in Figure 7A, at 21, 28, and 42 d of age, the
SOD levels in the model group were significantly lower
than those in the control group (P < 0.05 or P < 0.01).
The SOD level of the QLJP high-dose group was signifi-
cantly higher than that of the model group at each time
point (P < 0.05 or P < 0.01). At 28, 35, and 42 d of age,
the SOD levels of the QLJP medium-dose group were
markedly higher than those of the model group (P <
0.05 or P < 0.01). At 28 and 42 d of age, the SOD levels
of the L-Arg group were observably higher than those of
the model group (P < 0.01).



Figure 5. The effect of QLJP on body weight and the AHI of broilers. (A) Body weight of broilers. (B) The AHI values of broilers. Control: the
control group, Model: the model group, High: the QLJP high-dose group, Medium: the QLJP medium-dose group, Low: the QLJP low-dose group,
L-Arg: the L-arginine group. Data was noted as the mean § SEM (n = 5). *P < 0.05, **P < 0.01, compared to the control group; #P < 0.05, ##P <
0.01, compared to the model group.
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Figure 7B shows that the GPX level of the model
group was significantly lower than that of the control
group at each time point (P < 0.01). The GPX levels of
the QLJP high-dose and medium-dose groups were sig-
nificantly higher than that of the model group at each
time point (P < 0.05 or P < 0.01). At 28 d of age, the
GPX level of the QLJP low-dose group was significantly
higher than that of the model group (P < 0.01). The
GPX level in the L-Arg group was significantly higher
than that in the model group at each age (P < 0.01).

The CAT levels across the different groups are shown
in Figure 7C. At 21, 35, and 42 d of age, the CAT levels
of the model group were significantly lower than those of
the control group (P < 0.01). At 21, 35, and 42 d of age,
the CAT levels of the QLJP high-dose group and
medium-dose group were significantly higher than those
of the model group (P < 0.05 or P < 0.01). At 35 and 42
d of age, the CAT levels of the QLJP low-dose group
were significantly higher than those of the model group
(P < 0.01). At 21, 35, and 42 d of age, the CAT levels of
the L-Arg group were significantly higher than those of
the model group (P < 0.01).
Figure 6. QLJP protect broiler lungs from AS damage. Histopath-
ological observation of the lungs in different experimental groups at
each time point. Control: the control group, Model: the model group,
High: the QLJP high-dose group, Medium: the QLJP medium-dose
group, Low: the QLJP low-dose group, L-Arg: the L-arginine group.
H.E. stain (200 £), scale bar =50 mm.
Figure 7D shows that at each time point, the MDA
level in the model group was significantly higher than
that in the control group (P < 0.01). The MDA level in
each QLJP dose group was much lower than that in the
model group at each time point (P < 0.01). The MDA
level in the L-Arg group was much lower than that in
the model group at each age (P < 0.01).
These results indicate that QLJP increased the lev-

els of the antioxidant enzymes SOD, GPX, and CAT
in the lungs of broilers, downregulated the level of
MDA, and protected the lungs from oxidative stress
damage.
Effects of QLJP on Lung Cell Apoptosis and
Cell Cycle-related Gene mRNA Levels

As shown in Figure 8A, B, compared to those in the
control group, the FOXO3a and TP53 mRNA levels in
the model group were extremely reduced at each time
point (P < 0.01). Compared to those in the model group,
the FOXO3a and TP53 mRNA levels in the QLJP and
L-Arg groups were extremely increased at each time
point (P < 0.01).
The BCL2, CDK2, and CCND1 mRNA levels across

the different treatment groups are presented in
Figure 8C-E. The BCL2mRNA level of the model group
was much higher than that of the control group (P <
0.01), the BCL2 mRNA level of each QLJP dose group
was significantly lower than that of the model group at
each time point (P < 0.05 or P < 0.01), and the BCL2
mRNA level of the L-Arg group was much lower than
that of the model group at each time point (P < 0.01).
At each time point, the CDK2 and CCND1 mRNA lev-
els of the model group were much higher than those of
the control group (P < 0.01), the CDK2 and CCND1
mRNA levels of the QLJP groups were significantly
lower than those of the model group (P < 0.05 or P <
0.01), and the CDK2 and CCND1 mRNA levels of the
L-Arg group were much lower than those of the model
group (P < 0.01).



Figure 7. The effect of QLJP on lung SOD, GPX, CAT, and MDA levels. (A) SOD levels. (B) GPX levels. (C) CAT levels. (D) MDA levels.
Control: the control group, Model: the model group, High: the QLJP high-dose group, Medium: the QLJP medium-dose group, Low: the QLJP low-
dose group, L-Arg: the L-arginine group. Data was noted as the mean § SEM (n = 5). *P < 0.05, **P < 0.01, compared to the control group; #P <
0.05, ##P < 0.01, compared to the model group.
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Effect of QLJP on the Expression of FOXO3a
Protein in the Lungs

As shown in Figure 9, at 21 and 28 d of age, the
FOXO3a protein expression level of the model group was
lower than that of the control group (P < 0.01), and the
FOXO3a protein expression levels of the QLJP groups
were significantly higher than those of the model group at
21 and 28 d (P < 0.05 or P < 0.01). The FOXO3a protein
expression levels in the QLJP high- and medium-dose
groups at 35 and 42 d, and in the low-dose group at 42 d
Figure 8. The effect of QLJP on lung cell apoptosis and cell cycle-relat
mRNA expression levels. (C) BCL2 mRNA expression levels. (D) CDK2 m
the control group, Model: the model group, High: the QLJP high-dose gro
group, L-Arg: the L-arginine group. Data was noted as the mean § SEM (
0.01, compared to the model group.
were significantly higher than those in the model group
(P < 0.05 or P < 0.01). At each time point, the FOXO3a
protein expression level in the L-Arg group was much
higher than that in the model group (P < 0.01).
Effects of QLJP on the Protein Levels of
TP53, BCL2, CDK2, and CCND1 in the Lungs

As shown in Figure 10A, at each time point, the TP53
protein level of the model group was significantly lower
ed gene mRNA levels. (A) FOXO3a mRNA expression levels. (B) TP53
RNA expression levels. (E) CCND1 mRNA expression levels. Control:
up, Medium: the QLJP medium-dose group, Low: the QLJP low-dose
n = 5). **P < 0.01, compared to the control group; #P < 0.05, ##P <



Figure 9. The effect of QLJP on the AOD of FOXO3a protein in
lung. Control: the control group, Model: the model group, High: the
QLJP high-dose group, Medium: the QLJP medium-dose group, Low:
the QLJP low-dose group, L-Arg: the L-arginine group. Data was noted
as the mean § SEM (n = 10). **P < 0.01, compared to the control
group; #P < 0.05, ##P < 0.01, compared to the model group.
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than that of the control group (P < 0.01). Compared to
the model group, the QLJP groups and the L-Arg group
exhibited significantly higher TP53 protein levels at
each time point, except for the QLJP low-dose group at
21 and 35 d (P < 0.05 or P < 0.01).

The BCL2 protein levels in the different groups are
shown in Figure 10B. At each time point, the BCL2 pro-
tein level in the model group was much higher than that
in the control group (P < 0.01). The BCL2 protein levels
in the QLJP groups and the L-Arg group were signifi-
cantly lower than that in the model group at each time
point (P < 0.05 or P < 0.01).

Figure 10C-D shows that the CDK2 protein level was
much higher in the model group than in the control
Figure 10. The effects of QLJP on the protein levels of TP53, BCL2, CD
group, High: the QLJP high-dose group, Medium: the QLJP medium-dose
Data was noted as the mean § SEM (n = 5). **P < 0.01, compared to the co
group at each time point (P < 0.01). The CDK2 protein
levels were much lower in the QLJP groups and the L-
Arg group than those in the model group at each time
point, except in the QLJP low-dose group at day 35 and
the L-Arg group at day 21 (P < 0.01). At 21, 35, and 42
d of age, the CCND1 protein levels were much higher in
the model group than in the control group (P < 0.01)
and significantly lower in the QLJP high-dose group
than in the model group (P < 0.05 or P < 0.01). Com-
pared to those in the model group, the CCND1 protein
levels in the QLJP medium-dose group on days 21 and
35 and the low-dose group on day 21 were significantly
lower (P < 0.05 or P < 0.01). In addition, at 21 and 35 d
of age, the CCND1 protein levels in the L-Arg group
were significantly lower than those in the model group
(P < 0.05).
DISCUSSION

Characteristics of modern broiler breeds such as their
active metabolism, fast growth and high meat production
have led to significant increases in the incidence of broiler
AS and related mortality (Baghbanzadeh and Decuypere,
2008; Kalmar et al., 2013; Varmaghany et al., 2015).
In order to maintain the best performance of broilers, it is
very important to develop natural medicines or new feed
additives to ameliorate AS. In recent years, the use of tra-
ditional Chinese medicine has gained increasing accep-
tance worldwide due to its multitarget and multilevel
functional effects (Hu and Wang, 2019). Therefore, we
investigated the mechanism of QLJP in the treatment of
K2, and CCND1 in lung. Control: the control group, Model: the model
group, Low: the QLJP low-dose group, L-Arg: the L-arginine group.

ntrol group; #P < 0.05, ##P < 0.01, compared to the model group.
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AS in broilers. Such research is of great significance for
the prevention and treatment of AS in broilers.

In this study, in view of the complexity of the QLJP
compounds and the diversity of the potential targets, we
first screened the targets of the compounds in QLJP and
broiler AS disease-related targets from multiple data-
bases through network pharmacology. Then, a QLJP
−single drug−compound−target network was con-
structed, and the main active compounds of QLJP were
predicted, which were mainly from Astragalus membra-
naceus and Gynostemma pentaphyllum. Furthermore,
the core targets of QLJP for the treatment of broiler AS
were obtained through PPI network analysis. Our
research revealed that the main active compounds of
QLJP are primarily involved in the regulation of cell
proliferation, the cell cycle, apoptosis, RNA polymerase
II promoter transcription, and the hypoxia response.
Hypoxia is the initiating factor of AS in broilers, causing
tissue and cell damage with excess cell proliferation and
resistance to apoptosis (Moudgil et al., 2006; Wang
et al., 2007). It leads to pulmonary dysfunction, pulmo-
nary vascular remodeling, and PAH. These results sug-
gest a molecular mechanism in which QLJP regulates
oxidative stress, cell proliferation and apoptosis to inter-
fere with AS in broilers.

Previous studies have reported that AS broilers exhibit
significant weight loss, damage to all organs, and a signifi-
cantly increased AHI. Dynamic changes in the AHI reflect
the development process of AS (Wideman, 2001), and
lung damage might trigger AS (Julian, 2000). Similarly,
in our study, the broilers in the model group had signifi-
cantly decreased body weights, histological damage to
the lungs, and significantly increased AHI values. Previ-
ous research has shown that this impairment can be alle-
viated by dietary vitamin C, flax oil and antioxidants
(Walton et al., 2001; Villar et al., 2002). Our results indi-
cate that QLJP can attenuate the clinical symptoms of
broilers, increase broiler weight, ameliorate histological
damage, improve lung function, and significantly reduce
the AHI in broilers. Other studies have also revealed that
the addition of compounds that inactivate or remove
reactive oxygen species (ROS) and H2O2 can reduce the
oxidative stress damage caused by AS in broilers (Cruz
et al., 2003). In addition, erythrocyte antioxidants pro-
tect other tissues, particularly the lungs, against tissue
damage produced by ROS (Heffner and Repine, 1989).
Our research showed that QLJP increased the levels of
the antioxidant enzymes SOD, GPX, and CAT and
reduced the content of MDA in the lungs from the levels
in the model group. Similarly, other studies have shown
that the addition of alpha-tocopherol increases the levels
of antioxidant enzymes in broilers and reduces lipid oxi-
dative damage, suggesting that a reduction in oxidative
stress is associated with a reduction in AS mortality
(Bottje et al., 1995). These findings demonstrate that
QLJP exerts important effects to protect broilers and
interfere with AS.

Our enrichment analysis indicated that the core tar-
gets might be mainly associated with the FOXO signal-
ing pathway, Cell cycle, Adherens junctions, Focal
adhesion, MAPK signaling pathway, Apoptosis, and
TGF-b signaling pathway. According to previous
reports, FOXOs are involved in regulating host
responses to various stresses (such as hypoxia and DNA
damage), and their downstream signals regulate multi-
ple processes, such as oxidative stress, apoptosis and cell
cycle arrest (Paik, 2006; Eijkelenboom and Burgering,
2013). In addition, FOXO3a has been shown to play
important roles in various biological processes, including
development, proliferation, apoptosis, metabolism, and
differentiation, by regulating a broad spectrum of genes
(Abid et al., 2005; Lee et al., 2007, 2008). In our study,
the FOXO3a mRNA and protein levels were lower in
the model group than in the control group at each time
point. Consistent with our findings, the findings of Zhao
et al. (2019) suggest that the expression level of
FOXO3a is reduced under hypoxic conditions. However,
the FOXO3a mRNA and protein levels were higher in
the QLJP groups than those in the model group at each
time point. Notably, according to the available litera-
ture, FOXO3a is a core regulator of cellular homeostasis
and the stress response (Abid et al., 2005), and in a rat
carotid artery balloon injury model, activated FOXO3a
has been found to inhibit the proliferation of VSMCs to
improve vascular function (Fasano et al., 2019). Other
studies have also shown that FOXO3a can lead to stabi-
lization and activation of the p53 protein to induce cell
cycle arrest and apoptosis (You et al., 2006; Wang et al.,
2008). The results of our study showed that QLJP
increased the expression level of TP53 and decreased the
expression levels of BCL2, CDK2, and CCND1 com-
pared to the levels in the model group at each time
point. Therefore, we speculate that QLJP induces cell
cycle arrest and apoptosis via the FOXO3a signaling
pathway. Studies have proven that pulmonary artery
remodeling is a key step in the development of AS, also
known as PAH (Yang et al., 2016). Furthermore, it has
been revealed that the pathologic features of pulmonary
artery remodeling are attributable to an increase in pro-
liferation and a decrease in apoptosis of pulmonary
VSMCs and endothelial cells (Mandegar et al., 2002).
Our results also demonstrate that QLJP might inhibit
pulmonary cell proliferation and pulmonary vascular
remodeling by regulating the FOXO3a signaling path-
way, reducing PAH, and reducing the occurrence and
development of AS in broilers.
CONCLUSION

In this study, we investigated the active compounds of
QLJP in the treatment of broiler AS and their underly-
ing mechanisms of action through network pharmacol-
ogy. We obtained 49 active compounds, of which the
main active compounds were quercetin, kaempferol,
hederagenin, 7-O-methylisomucronulatol, formononetin,
and isorhamnetin, etc. Further KEGG enrichment anal-
ysis of QLJP treatment for broiler AS revealed 35 signal-
ing pathways, and the key mechanism was mainly
related to the FOXO signaling pathway, cell cycle,
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apoptosis, and oxidative stress. In animal experiments,
the clinical and anatomical symptoms of broilers in the
model group were consistent with the previously
reported characteristics of AS broilers. The body
weights of the broilers were significantly reduced, and
the AHI values were significantly increased. QLJP
exerted a protective effect on AS broilers by improving
the clinical symptoms and lung function, increasing the
body weight, and reducing the AHI values of the
broilers. In addition, we identified the potential mecha-
nisms underlying the protective functions of QLJP in
AS broilers. QLJP may increase the ability of broilers to
resist oxidative stress, block cell cycle progression,
induce cell apoptosis, inhibit cell proliferation, reduce
PAH, and subsequently reduce the occurrence and
development of AS in broilers by activating the
FOXO3a signaling pathway. This study, for the first
time, established a scientific basis for the clinical effects
of QLJP in the treatment of broiler AS through network
pharmacological analysis and animal experimental
research, and the findings lay a solid foundation for fur-
ther elucidation of the effective components and mecha-
nisms of QLJP in the treatment of broiler AS.
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