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Background: Anoectochilus roxburghii (Orchidaceae) (AR) has been widely used to treat liver injury in China, but its under-
lying mechanisms remain elusive. Network pharmacology was utilized to assess the hepatoprotective effects
of quercetin (Que)-containing AR, and to validate the anti-liver injury effects of Que in a mouse model of liver
injury.

Material/Methods: Network pharmacology analysis was performed to determine bio-active compounds in AR. The core therapeutic
targets of AR against liver injury were identified using a protein—protein interaction network. Biological func-
tion and pathway enrichment were analyzed based on the identified core therapeutic targets. The hepatopro-
tective effects of Que in a mouse model of liver injury induced by CCl, were assessed to verify the reliability of
network pharmacology analysis.

Results: Seven bio-active compounds of AR met drug screening criteria and 17 core therapeutic targets of AR against
liver injury were identified. Biological function analysis demonstrated that the therapeutic effects of AR against
liver injury were chiefly associated with the suppression of inflammation and immunity; and pathway enrich-
ment analysis showed that nuclear factor-kappa B (NF-kB) and tumor necrosis factor (TNF) signaling pathways
were associated with the inflammatory responses. Experimental validation in a mouse model showed that AR
exerted anti-inflammatory effects by regulating the NF-kB signaling pathway, a finding that also confirmed the
reliability of network pharmacology analysis.

Conclusions: The bio-active compounds identified in AR and the elucidation of their mechanisms of action against liver in-
jury provide a theoretical basis for designing agents that can prevent or suppress liver injury.
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Background

The liver, as the main metabolic organ in humans, plays vital
roles in immune defenses, metabolism, resistance to patho-
gens, and detoxification [1]. Liver injury is one of the ma-
jor threats to human health, affecting more than 10% of the
world’s population. For example, viral hepatitis, obesity and
metabolic syndrome, and acute liver injury caused by toxins
or alcohol are likely to result in the development of liver fibro-
sis, cirrhosis, and eventually cancer [2]. At present, synthetic
drugs are not ideal for the treatment of liver injury because
most of them have adverse side effects [3]. In recent years,
many compounds in traditional Chinese medicine (TCM) have
been studied for the complementary and alternative treat-
ment of liver injury [4].

Anoectochilus roxburghii (AR), a perennial herb of the genus
Anoectochilus in the Orchidaceae, is a precious plant in TCMs
and is known as the “king of medicine” and “golden grass” [5].
According to the theory of TCM, AR shows various health ef-
fects, such as removing heat to cool the blood, damp-inhibit-
ing and wind-dispersing properties, calming the liver, as well
as lowering blood pressure [6]. AR has been used to treat liver
injury, diabetes, and tumors, showing anti-inflammatory and
antiviral effects [7,8]. Currently, various forms of AR, includ-
ing oral liquid [9], capsules [10], and combination agents [11],
are used in clinics to treat a variety of acute and/or chronic
types of liver injury, and have shown good curative effects with
negligible side effects [7-11]. Previous studies have revealed
that polysaccharides, flavonoids, glycosides, organic acids, ste-
roids, alkaloids, and nucleosides in AR are the main bio-active
compounds, playing a protective role against liver injury [12].
However, potential liver-protecting compounds in AR and their
mechanisms of action remain to be systematically elucidated.

Network pharmacology is an emerging discipline based on sys-
tems pharmacology, which takes “disease-gene-target-drug”
as research network to reveal the effects of drugs on differ-
ent diseases and the mechanisms of drug-body interactions
from a holistic perspective [13-16]. For example, the mecha-
nism of action of paeony in the treatment of ulcerative coli-
tis has been studied based on network pharmacology, with
results showing that the interactions of active ingredients of
paeony and 70 targets related to ulcerative colitis were pri-
marily responsible for reducing the stimulation of inflamma-
tory responses in the intestinal tract through the tumor ne-
crosis factor (TNF) signaling pathway [14]. In addition, active
components of Gegen Qinlian decoction and their mechanisms
of action in the treatment of type 2 diabetes have been ana-
lyzed by the network pharmacological method [15]. The pres-
ent study therefore utilized network pharmacology to study the
hepatoprotective effects of quercetin (Que)-containing AR, and
to validate the protective function of Que in a mouse model
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of CCl,-induced liver injury. This study may provide a scientif-
ic basis for the mechanism of action of AR in preventing and
suppressing liver injury and a reliable theoretical basis for the
development of new liver-protecting drugs.

Material and Methods

Screening of major active ingredients and targets of AR

The major bio-active ingredients of AR were determined based
on previously identified chemical components [5,17-21]. The
names of these bio-active ingredients were imported into the
Traditional Chinese Medicine Systems Pharmacology Database
(TCMSP) (http://Isp.nwsuaf.edu.cn/) to identify targets of the
active ingredients of AR, and the names of target genes were
matched using the UniProtKB database (https://www.uniprot.
org/). Screening criteria included oral bio-availability (OB) >30%,
drug-like property (DL) 20.18, Caco-2 cell permeability >0, and
drug-like principles [22-27].

Prediction of liver injury related targets

As previously described [3], liver injury related targets were
predicted by entering keywords, such as “liver disease” “he-

” o« ” o«

patic damage”, “alcoholic liver”, “non-alcoholic liver”, “fatty liv-
er”, “liver fibrosis”, “oxidative damage”, “steatosis”, and “lip-
id metabolism” into the Therapeutic Target Database (TTD)
(http://bidd.nus.edu.sg/group/ttd/), PharmGKB (http://www.
pharmgkb.org), and Comparative Toxicogenomics Database
(CTD) (http://ctdbase.org/). The liver injury related targets
identified by each database were combined and the repeti-

tions removed.

Construction of protein—protein interaction (PPI) and
component-target (C-T) networks

The potential targets of AR against liver injury were identi-
fied by the intersection of the targets related to the bio-ac-
tive ingredients of AR and the targets related to liver injury.
These potential targets were imported into the String data-
base (https://string-db.org/) to construct a protein-protein in-
teraction (PPI) network. The network was screened based on
a confidence score »0.7 to determine a PPl network with high
reliability, which was imported into Cytoscape V 3.7.2 soft-
ware (https://cytoscape.org/). Using the NetworkAnalyzer tool,
topology network was analyzed based on three parameters:
“Degree”, “Betweenness Centrality”, and “Closeness Centrality”.
Finally, the liver injury related core targets were obtained. The
threshold value of the core node in the PPI network was the
median of each parameter.
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Using Cytoscape 3.7.2 software, the core targets were asso-
ciated with the pharmaceutically active ingredients to con-
struct a compound-target (C-T) network, and to subsequent-
ly analyze the key pharmaceutically active ingredients of AR.

GO and KEGG enrichment analyses

Biological function enrichment analysis of gene ontology (GO)
and signaling pathway analysis of the Kyoto Encyclopedia of
Genes and Genomes (KEGG, http://www.kegg.jp/) for iden-
tifying hub targets were performed using The Database for
Annotation, Visualization and Integrated Discovery (DAVID,
v 6.8) (https://david.ncifcrf.gov/). The signaling pathways iden-
tified by KEGG enrichment analysis were screened based on
a false discovery rate (FDR) <0.05. As the FDR increases, the
relationship between various targets in the signaling path-
ways and the pharmacological action of related drug compo-
nents becomes closer.

Animal model and treatment

Twenty healthy male BALB/c mice, weighing 20+2 g, were
randomly divided into four groups. Mice in two of the groups
were treated with high-dose (120 mg/kg; Que-H group) or
low-dose (60 mg/kg; Que-L group) Que every day for 10 days
by gavage, whereas mice in the other two groups, the normal
control (Con) and the CCl, groups, were treated daily by ga-
vage with the same volume (0.2 mL) of normal saline. About
6 h after the last gavage, mice in the CCl, and the Que groups
were intraperitoneally injected with CCl, solution (10 mL/kg,
0.2% in soybean oil) to induce acute liver injury, whereas mice
in the Con group were injected with the same volume of soy-
bean oil. After a 12-h fast, serum samples were collected. The
animals were anesthetized with ether and sacrificed by direct
heart puncture, and their livers were removed.

All procedures involving experimental animals were eval-
uated and approved by the Animal Ethics Committee of
Fujian Agriculture and Forestry University and followed
the guidelines for experimental animal welfare (Permit No.
PZCASFAFU20190328).

Biochemical analyses and histopathological examination

Serum samples were centrifuged at 3,000 rpm for 10 min and
stored at —20°C until further analyzed. Alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST) concentration
were measured by ELISA (Jiancheng, Nanjing, China). Liver
samples were soaked in formalin, embedded in paraffin, and
sectioned, and the sections were stained with hematoxylin
and eosin (H&E) and examined under an optical microscope.
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Western blotting analysis

Proteins were extracted from liver tissue using the Radio
Immunoprecipitation Assay (RIPA) lysate (Solarbio, Beijing,
China) in an ice bath according to the manufacturer’s instruc-
tions. Total protein content was determined using BCA test kits
(Solarbio). Protein samples (40 ug) were loaded onto 12% sodi-
um dodecyl sulfate-polyacrylamide gels, electrophoresed, and
transferred to polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA) [28]. The membranes were blocked with 5%
skim milk at room temperature for 2 hours, washed, and in-
cubated at 4°C for 12 hours with diluted antibodies to nucle-
ar factor-kappa B (NF-kB) p65 (1: 1000, #82425, Cell Signaling
Technology, Inc), phosphorylated IxBa (p-lkxBa) (1: 1000,
#28595, Cell Signaling Technology, Inc), and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (1: 1000, #51745, Cell
Signaling Technology, Inc). After washing with TBST (50 mM
Tris [pH 7.5], 150 mM NacCl, 0.05% Tween-20), the membranes
were incubated with HRP-linked secondary antibody (1: 1000,
70657, Cell Signaling Technology, Inc) at room temperature for
50 min and their chemiluminescence determined (Advansta,
Menlo Park, CA, USA). The gray values of the protein were an-
alyzed using QuantityOne 4.6 software (Bio-Rad, Hercules, CA,
USA) to determine the expression level of the target proteins
relative to GAPDH.

Statistical analysis

Results are reported as meantstandard deviation (SD) and
differences between groups analyzed by one-way analysis of
variance (ANOVA) and Tukey’s test. All data were analyzed us-
ing SPSS 22.0 (SPSS Inc., Chicago, IL, USA) software, with a
P-value <0.05 regarded as statistically significant.

Results

Major active ingredients of AR

Analysis of AR yielded a total of 43 chemical components.
Screening criteria identified seven of these compounds as ac-
tive ingredients of AR, including four flavonoids, Que, quer-
cetin-7-0-B-D-glucoside, isorhamnetin, and rhamnazin; and
3 sterols, campesterol, lanosterol, and stigmasterol (Table 1).

Target screening

Based on the TCMSP database, a total of 188 nonredundant
bio-active compound-related targets were identified. The official
names of these targets were matched through the UniProtKB
database and used to construct a network of the seven bio-
active compounds and the 188 targets related to these bio-ac-
tive compounds (Figure 1). Of the seven bio-active compounds,
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Table 1. The major bio-active compounds in Anoectochilus roxburghii (AR).

Mol ID Chemical compound MW Hdon Hacc OB (%) Caco-2 DL
MOL000098 Quercetin 302.25 5 7 46.43 0.05 0.28
| MOL00S921  Quercetin7-0pDglcoside 30028 5 6 4957 013 027
| MOLO00354  lsothamnetin 3628 4 7 a6 031 o031
| MOLO003S1  Rhamnazin 3031 3 7 aaa 053 034
| MOL000493  Campesterol 40076 1 1 3758 131 o071
| MOLO01979  Lanosterol 468 1 1 4212 152 075
| MOLO00449  Stigmasteol 41277 1 1 4383 144 076

MW — molecular weight; Hdon — hydrogen-bond donors; Hacc — hydrogen-bond acceptors; OB — oral bioavailability; Caco-2 — Caco-2
cell permeability, DL — drug-likeness.

Figure 1. Compounds-targets network. The red nodes represent the active compounds in Anoectochilus roxburghii (AR), and the blue
nodes represent the targets of AR compounds. The edges represent the relationships between the active compounds of AR
and the corresponding targets.
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Coumpound targets

Disease targets

Figure 2. Venn diagram of Anoectochilus roxburghii (AR) bio-
active compounds-related targets and liver injury-
related targets.

Que had the greatest number of targets, followed by isorh-
amnetin and stigmasterol. A total of 2,134 targets related to
liver injury were screened using the CTD, TTD, and PharmGKB
databases. Based on the intersection between the bio-active
ingredients and disease targets, 110 targets of AR related to
liver injury were identified (Figure 2).

Analysis of hub targets

To better understand the mechanism by which AR protects the
liver, a PPl network with 110 targets was constructed using the
String database, which was composed of 101 nodes and 736
edges. Subsequently, all the nodes in the PPI network were

ANIMAL STUDY

analyzed according to three topological parameters (degrees,
degrees of centrality, and closeness centrality). Targets with
values greater than the median were selected as hub targets
to construct the core hub node of AR for the treatment of liver
injury. This PPl network composed of 101 nodes and 736 edg-
es was imported into Cytoscape software to draw the interac-
tion network diagram (Figure 3A). The first screening yielded an
initial interaction network diagram composed of 52 nodes and
495 edges (Figure 3B), whereas the second screening yielded a
core interaction network composed of 17 nodes and 114 edg-
es (Figure 3C). The 17 core targets were IL6, JUN, TNFA, TP53,
VEGFA, EGFR, IL1B, MYC, MMP9, EGF, CCND1, CXCL8, PTGS2,
MAPK14, FOS, IL10, and RELA (Table 2).

Compound-target network

To better clarify the relationship between the bio-active in-
gredients and the core targets, an interaction network was
constructed between the active ingredients and the core tar-
gets (Figure 4). Four active ingredients of AR were found to
be critical to the core target. Que had the largest number of
liver injury related targets (16), followed by isorhamnetin (3),
stigmasterol (1), and quercetin-7-0-B-D-glucoside (1). These
high-degree nodes in the network had more component-tar-
get interactions, which are likely to play a more important role
in liver protection.

GO and KEGG enrichment analyses

GO functional enrichment for the 17 core targets resulted in
the identification of 26 biological processes, most of which

— C

DC=12
BC=0.003
(C=0.1810

DC>24
BC>0.6456
(C=0.0100

101 nodes and 736 edges 52 nodes and 495 edges 17 nodes and 114 edges

Figure 3. Processing of the topological analysis of the protein—protein interaction (PPI) network. The blue nodes represent the original
input targets, and the red nodes represent the selected targets after topological analysis. The width of edges represents
combined score. (A) original input targets in the PPl network; (B) sub-filtered targets in the PPl network based on the degree
centrality (DC), betweenness centrality (BC), and closeness centrality (CC) values; (C) hub targets in the PPI network.
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Table 2. Seventeen hub targets of Anoectochilus roxburghii (AR) against liver injury identified by topological analysis.

Uniprot ID Gene symbol Protein name Degree
P05231 IL6 Interleukin-6 38
~ posa2 N Transcription factor A-1 37
~ powzs TNPA Tumor necrosis facor 37
~ pose37  TPS3 Cellular tumor antigenpss 37
~ p1Se2  VEGRA Vascular endothelial growth factor A~ 35
© poos33 EGRR  Epidermal growth factor receptor 20
~ po1ss4 1B Interleukin-lbeta 29
~ poue6 My Myc proto-oncogene protein 28
 mmpe MM Matrix metalloproteinase-9 26
~ po133 EGF Pro-epidermal growth fator 26
~ paa3®s  cNo1l Gl/S-specific cycln-1 26
~ plo145 X8  nterlewkn8 26
R PTGS2  Prostaglandin G/H synthase2 25
Qs mapkia Mitogen-activated protein kinase 14 24
~ pot0 FOS  Protooncogenecfos 24
© p22301 W0 nterleukn-i0 24
Qo406 RELA Transcription factor p65 (NF-xBp6s) 24

Quercetin-

Figure 4. Network of bio-active compounds and core targets of
Anoectochilus roxburghii (AR) against liver injury. Red
square nodes denote bio-active compounds of AR, and
blue round nodes denote the hub targets of AR against
liver injury.

are involved in biological processes, are cell components, or
have molecular functions as classified (Figure 5A). The biolog-
ical processes mainly included positive regulation of transcrip-
tion from RNA polymerase Il promoter, positive regulation of
transcription, DNA templates, responses to drugs, negative

regulation of apoptotic process, inflammatory responses, pos-
itive regulation of gene expression, negative regulation of cell
proliferation, positive regulation of smooth muscle cell prolif-
eration, positive regulation of protein phosphorylation, cellu-
lar response to lipopolysaccharide, angiogenesis, positive reg-
ulation of nitric oxide biosynthesis, positive regulation of the
ERK1 and ERK2 cascades, aging, response to muscle stretching,
response to glucocorticoids, positive regulation of MAP kinase
activity, positive regulation of epithelial cell proliferation, liver
regeneration, and positive regulation of fever generation. Cell
components included those in the extracellular space, where-
as molecular functions included protein binding, transcription
factor binding, enzyme binding, transcription regulatory region
of DNA binding, and cytokine activity. These findings suggest
that AR treatment of liver injury may be the result of a com-
plex of multiple pathways with synergistic effects.

KEGG enrichment analysis identified 36 signaling pathways
(Figure 5B), including the signaling pathways involving TNF,
Toll-like receptors, mitogen-activated protein kinase (MAPK),
phosphoinositide-3-kinase (PI3K)-Akt, forkhead box O (FoxO),
and nucleotide-binding and oligomerization domain (NOD)-like
receptor. Other signaling pathways included those involved
in the development of hepatitis B, hepatitis C, non-alcoholic
fatty liver disease (NAFLD), pancreatic cancer, colorectal can-
cer, prostate cancer, microRNAs in cancer, endometrial cancer,
and bladder cancer.
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Figure 5. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of hub targets related to
liver injury. (A) GO enrichment analysis of hub targets for biological processes (BP), cellular components (CC) and molecular
functions (MF). (B) KEGG enrichment analysis of hub targets.

Protective effect of Que against liver damage

To confirm the results of network pharmacological analysis,
Que, the key active ingredient in AR, was selected to deter-
mine whether it could prevent or alleviate liver injury induced
by CCl, in mice. H&E staining (Figure 6) of normal control liv-
ers showed a normal hepatic lobular structure, with the he-
patic cell bundles radiating from the central vein. Although
most cells had a single central nucleus, some were binuclear
(Figure 6A). Treatment with CC, resulted in marked histopath-
ological changes, such as swelling of hepatocytes in the cen-
tral lobe of the liver, high cytoplasmic vacuolization, large ar-
eas of cell necrosis, and massive mononuclear cell infiltration
(Figure 6B). Morphologic analysis of the mice treated with Que
showed significant improvements. Compared with CCl, treat-
ed mice, low dose Que slightly reduced the area of injury, ne-
crotic cells, and inflammatory infiltration (Figure 6C), where-
as high dose Que showed significant improvement in cellular
structure, significant reduction inflammatory cell infiltration,
and disappearance of necrotic hepatocyte plaques (Figure 6D).
The results indicated that Que could improve the histopatho-
logical changes in the liver induced by CCl,.

Effect of Que on serum ALT and AST levels

Compared with control mice, the serum levels of ALT and AST
were significantly higher in mice treated with CCl, (Figure 7).
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Treatment with Que resulted in significant reductions in ALT
and AST levels (Figure 7). Moreover, these liver-protecting ef-
fects of Que were found to be dose-dependent.

Effect of Que on NF-«B signaling pathway in liver tissue

To further confirm the results of network pharmacological
analysis, the mechanism by which AR suppresses inflamma-
tion in CCl,-induced liver injury was investigated. Because the
generation of pro-inflammatory cytokines, like TNF-o. and in-
terleukin 6 (IL-6), could induce activation of the NF-kB signal-
ing pathway, the effects of Que on the levels of expression of
NF-kB p65 and p-lkBa were assessed in these mice. The lev-
els of expression of both NF-kB p65 and p-lkBo. were signif-
icantly higher in liver tissue from CCl -treated than control
mice. Treatment with Que, especially at the higher dose, re-
duced the expression of NF-xB p65 (Figure 8A, 8B) and p-IkBa
(Figure 8A, 8C) compared with CCl,-treated mice. These results
indicated that the liver-protective effects of Que were closely
related to its anti-inflammatory activity, consistent with the
results of network pharmacological analysis.

Discussion

Screening of AR for compounds that suppressed liver inju-
ry identified seven key active components, including four
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Figure 6. Histological analysis of liver injury induced by carbon tetrachloride (CCl,) and the effects of quercetin (Que) in mice.
(A) Control mice; (B) Mice treated with CCl,; (C, D) Mice treated with (C) low dose (60 mg/kg) or (D) high dose (120 mg/kg)
Que prior to treatment with CCl,. The red arrows indicate vacuoles and the black arrows indicate inflammatory cell
aggregates. (hematoxyline and eosin (H&E) staining; magnification, 100x).

flavonoids and three sterols. Flavonoids, such as Que, quer-
cetin-7-0-B-D-glucoside, isorhamnetin, and rhamnazin, have
been shown to reduce blood cholesterol concentration, liver
toxicity, liver damage, and liver fibers [27-30], whereas ste-
rols, such as campesterol, lanosterol, and stigmasterol, can
lower cholesterol level, protect the liver, and have anti-inflam-
matory and anti-tumor effects [31,32]. The synergistic effects
of these active ingredients are likely responsible for the liver-
protecting effects of AR.

Topology analysis identified 17 hub targets related to liver in-
jury. After the GO functional enrichment of the core targets, it
was speculated that AR may suppress liver injury by the neg-
ative regulation of apoptosis, inflammatory responses, cell re-
sponses to lipopolysaccharides, liver regeneration, transcription
factor binding, and cytokine activity. KEGG pathway enrichment
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analysis indicated that the core targets related to liver inju-
ry could participate in 36 signaling pathways. These included
signaling pathways related to inflammation, such as the NF-
kB, TNF, and MAPK signaling pathways; signaling pathways
related to liver disease, such as hepatitis B, hepatitis C, and
NAFLD; and signaling pathways related to immunity, such as
Toll-like receptor and NOD-like receptor signaling pathways.
PI3K-Akt and FoxO signaling pathways are involved in the cell
proliferation, differentiation, and apoptosis, and other signal-
ing pathways are related to the cancer. Therefore, various com-
pounds in AR might act on multiple targets and pathways, and
these compounds might play a pivotal role in the prevention
and treatment of liver injury, mainly through signaling path-
ways involving inflammation, immunity, cell proliferation and
differentiation, and liver disease related modules.
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Figure 7. Effects of carbon tetrachloride (CCl,) and quercetin (Que) on the activities of serum (A) aspartate aminotransferase (AST) and
(B) alanine aminotransferase (ALT). Con, control mice; CCl,: mice treated with 0.2% CCl, (10 mL/kg). All data were expressed
as meantstandard deviation (SD) (n=5). Columns labeled with different letters indicate significant difference among groups

(p<0.05).
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Figure 8. Effects of carbon tetrachloride (CCl,) and quercetin (Que) on protein expression of nuclear factor-kappa B (NF-kB) p65
and phosphorylated IxBa (p-1xBa) in hepatic tissue of mice. (A) Western blotting analysis of NF-kB p65 and p-lkBo. (B)
Quantification of the relative protein expression levels of NF-kB p65 and p-lkBo. All data were expressed as mean *standard
deviation (SD) (n=5). * p<0.05, ** p<0.01 and ***p<0.001 compared with the mice treated with carbon tetrachloride (CCl,).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 923533-9
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) € 1




ANIMAL STUDY

To confirm the reliability of the results of network pharma-
cological analysis, Que, the most important active ingredient
in AR, was selected for experimental validation. Que signifi-
cantly reduced ALT and AST levels, and alleviated pathological
changes of liver injury induced by CCl,. These findings indicat-
ed that Que could protect against liver injury induced by CCl,.
Que also reduced the levels of expression of NF-kB p65 and
p-lxBa: elevated in response to CCl, treatment, indicating that
the Que in AR could exert liver-protecting effects by regulating
the NF-xB pathway signaling [33-35]. Moreover, experimental
validation showed that the liver-protecting effect of the active
ingredients of AR was closely related to the suppression of in-
flammation, further confirming the reliability of the results of
systematic network pharmacological screening, as well as the
prediction of the molecular mechanism in this study.

Conclusions

The liver-protecting effects of AR were likely due to the syn-
ergistic effects of various compounds, such as flavonoids and
sterols. The ability of AR to suppress liver injury was associat-
ed with various biological activities, including anti-inflamma-
tory and anti-immune activities. An important limitation of the
present study was that CCl,-induced liver injury in mice does
not mimic liver injury induced by steatosis and general liver
disease. Moreover, many of the signaling pathways screened
in this study require further investigation.
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