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Conclusions:The mechanism of Banxia Xiexin Decoction in treating different diseases involves direct or indjrect
correlation of multiple signal pathways, mainly involved in drug metabolism and lipid metabolism, but also through
comprehensive intervention of the badynervous system, immune system, digestive system and other systems.

The effective components of Banxia Xiexin Decoction are mainly act on eight key target proteins (such as ALB, IL6,
VEGFA, TNF, PTGS2, MAPK1, STAT3, EGFR) to carry out multi-target effect mechanism, biological mechjanism of
treating different diseases with the same treatment, and related mechanism of overall treatment, which proyide
theoretical reference for further research on the material basis and mechanism of Banxiaxiexin decoction on
antidepressant and prevention and treatment of ulcerative colitis.
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Background

Depression is a chronic and recurrent mental disorder.
The main clinical characteristics of patients are marked
and lasting depression, accompanied by physical symp-
toms of gastrointestinal diseases, which can impair social
functions and lead to suicidal tendencies. Thus, depres-
sion is very harmful to the physical and mental health of
patients [1-3]. Ulcerative colitis is a chronic gastrointes-
tinal disease caused by a variety of pathogenic factors.
Ulcerative colitis is mainly characterized by abdominal
pain, diarrhoea, mucopurulent bloody stool and other
symptoms. In severe cases, ulcerative colitis can be com-
plicated with an intestinal abscess, intestinal perforation
and colorectal cancer [4—6]. Therefore, the two diseases
have the characteristics of a complicated aetiology, di-
verse syndromes, and a long course. The occurrence and
development of the diseases also have the potential char-
acteristics of mutual influences and correlation, that is,
patients with depression often exhibit gastrointestinal
dysfunction that inhibits the internal vitality of patients,
reduces gastrointestinal motility and promotes the oc-
currence of ulcers. Patients with severe depression may
also develop intestinal cancer. In addition, the emotional
symptoms of depression will also alter the regulatory
functions of the related gastrointestinal nerves and
motor activity to produce symptoms, such as a loss of
appetite, constipation, abdominal distention, and diar-
rhoea. However, these gastrointestinal symptoms will
also aggravate the anxiety and depression of patients,
and the gastrointestinal dysfunction experienced by pa-
tients with chronic recurrent inflammatory bowel dis-
ease will easily cause anxiety and depression. These
unpleasant emotions will also affect ulcer healing and
disease recovery, and even lead to a vicious cycle of ag-
gravating disease-related damage [7-9].

With the rapid development of modern society and
the economy, the accelerated pace of life, and the in-
tense pressure of competition, the number of patients
with the two diseases has shown an increasing trend,
which not only seriously distress the normal life and

work of patients but also imposes a heavy burden on the
family and society. Currently, Standard treatment often
uses an aminosalicylic acid preparation, corticosteroid
hormones, and immunosuppressants as the main treat-
ment, combined with antidepressants. Although these
drugs display short-term clinical efficacy, different de-
grees of side effects occur with the prolongation of the
treatment, which will seriously reduce the compliance of
patients with the treatment process and the curative ef-
fect of the disease. Traditional Chinese medicine has the
unique advantages of overall regulation, safety and ef-
fectiveness in the treatment of depression and ulcerative
colitis. Traditional Chinese medicine not only has a pro-
found foundation in clinical practice but also has led to
the development of a large number of classic prescrip-
tions for treatment. Thus, traditional Chinese medicine
has gradually become more widely used. Banxia Xiexin
decoction, which was first published in the Treatise on
Cold Damage and Miscellaneous Disease, is composed
of seven herbs, namely, Banxia, Ganjiang, Scutellaria,
Coptis, ginseng, liquorice and jujube. This prescription
can effectively improve gastrointestinal inflammation,
regulate gastrointestinal motility and anti-ulcer effect-
ively in clinical [10-12]. Related animal experimental
studies show that this formula can effectively increase
CD?®" and regulate CD* * / CD® * balance in UC model
rats [13]. It can regulate the secretion and movement of
gastrointestinal tract, repair the barrier of gastrointes-
tinal mucosa, reduce the infiltration of inflammatory
cells in mucosa and promote the healing of ulcer [14].
Relevant research has confirmed that the pathogenesis
of ulcerative colitis is closely related to environmental,
mental, psychological and other factors. The model of
ulcerative colitis in rats induced by TNBS+ ethanol was
established to study the therapeutic effect and mechan-
ism of Banxia Xiexin Decoction on ulcerative colitis.
The degree of ulcer damage, ulcer area, wet weight of in-
testine and MPO activity were measured. The anxiety
behavior of rats was also evaluated by the elevated cross
labyrinth method. The results showed that Banxia Xiexin
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Decoction had anti-inflammatory and anti anxiety effects
[15]. At the same time, the prescription has a good clin-
ical effect on the patients with depression accompanied by
gastrointestinal symptoms such as fullness of epigastric
distention, less sodium, loose stools and so on [16, 17].
According to recent clinical studies have shown that the
traditional Chinese medicine Banxia Xiexin Decoction can
significantly reduce the scores of Hamilton Depression
Scale and self rating depression scale of depression pa-
tients. In addition, animal experimental studies have also
confirmed that this traditional Chinese medicine can ef-
fectively improve the behavior and activity state of liver
depression model rats, and can effectively shorten the dur-
ation of immobility state in tail suspension test and forced
swimming test of mice It shows that the Jingfang has a sig-
nificant antidepressant effect [18, 19].

Based on previous clinical experience, modern clinical
practice and animal experiments using traditional Chinese
medicine, Banxia Xiexin decoction effectively displays the
comprehensive advantages of treating different diseases,
treating the viscera and treating specimens with the same
formulation through component coordination, target co-
ordination and efficacy coordination among various herbs.
However, there is a lack of comprehensive and systematic
understanding on the material basis and molecular mech-
anism of its efficacy, and there is no study on the bio-
logical mechanism of Banxia Xiexin decoction in treating
depression and ulcerative colitis with different diseases.
Therefore,this study aims to screen the active components
and predicted targets of the herbs contained in Banxia
Xiexin decoction by using the biological module analysis
of network pharmacology to better understand the com-
mon targets, molecular mechanism, tissue localization and
subcellular distribution of the traditional Chinese medi-
cine in the treatment of different diseases. In addition, the
relevant networks and biological functions are analysed to
explore the multi-target mechanism, the biological mech-
anism of simultaneously treating different diseases, and
the related mechanism of the overall treatment with the
classical prescriptions in a comprehensive, multi-level and
systematic manner. We aim to provide a reliable reference
value for subsequent experimental verification, clinical ap-
plication, and new drug research and development.

Methods

Screening of the active components and prediction of the
targets of Banxia Xiexin decoction

Banxia Xiexin decoction contains seven Chinese herbal
medicines: Banxia (Arum Ternatum Thunb), Scutellaria
(Scutellaria baicalensis Georgi), Coptis (Coptis chinensis
Franch), ginseng (Panax ginseng C. A. Mey), ginger (Zin-
giber officinale Rosc), jujube (Ziziphus jujuba Mill) and
liquorice (Glycyrrhiza uralensis Fisch). The active com-
ponents and targets of Banxia Xiexin decoction were
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obtained by searching the Encyclopedia of Traditional
Chinese Medicine (ETCM,http://www.nrc.ac.cn:9090/
ETCMY/) [20, 21], this platform combines a variety of au-
thoritative algorithms, including physical and chemical
properties, drug-forming evaluations, absorption and
distribution of metabolic excretion index scores, target
prediction, etc. Furthermore, the high correlation target
of a drug-compound-target is a QED score greater than
0.8. The active chemical components and predicted tar-
get of each herb contained in Banxia Xiexin decoction
were collected mainly according to the similarity of the
chemical fingerprint of the traditional Chinese medicine
components and the known drugs. Then, add the
TCMSP (http://Isp.nwu.edu.cn/tcmsp.php) database was
used to search all the chemical composition information
of the single Chinese medicine. According to the recom-
mended screening threshold conditions of the platform,
when OB >30% and DL >0.18, get the key active ingre-
dients of the Chinese medicine were obtained [22]. The
candidate active ingredients were input to PubChem
(https://pubchem.ncbi.nlm.nih.gov/) database to search
and download the molecular structure formula and Pub-
Chem CID of the corresponding chemical composition,
and then select the corresponding target of the com-
pound whose species is “Homo sapiens” in SwissTarget-
Prediction (http://swisstargetprediction.ch/) platform
according to the chemical similarity between the active
compound ligands. Seven herbs were added to TCMIP
(http://www.tcmip.cn/) database to establish the chem-
ical composition database of Banxia Xiexin Decoction.
According to the target prediction interface of trad-
itional Chinese medicine, all chemical composition pre-
diction targets with drug similarity score>0.8 were
selected [23-25]. The obtained active components of
herbal medicine were analysed by combining the data
from the relevant literature. The UniProtkB search func-
tion in the UniProt (http://www.uniprot.org/) database
was used to input the names of the predicted target pro-
teins, and the species was set to Homo sapiens. Then,
the target protein of each herbal medicine was corrected
to the official symbol.

Assessment of the disease targets for depression and
ulcerative colitis

Using the disease databases gene disease association
database (DisGeNET), comprehensive human Mendelian
genetics database (OMIM), drug target database (Drug-
bank), comparative toxicogenomic database (CTD), and
pharmacogenetics and pharmacogenomics database
(PharmGKB), we input the disease gene keywords for
depressive disorder, depression and ulcerative colitis.
The target genes of the two diseases were searched and
screened, and the target genes of each disease database
were combined to eliminate the repeated disease targets.
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Finally, the known disease targets of depression and ul-
cerative colitis were obtained.

Constructing the database of intersecting drug-disease
target genes

The herbal medicine targets in Banxia Xiexin decoction
and the disease targets of depression and ulcerative col-
itis were separately imported into the OmicShare online
tool to generate a Venn diagram. The target genes of
Banxia Xiexin decoction for treating depression and ul-
cerative colitis were mapped, and the target gene data-
base of compounds for treating depression and
ulcerative colitis was constructed by extracting the inter-
secting target genes. The disease target genes that were
not related to the components of Banxia Xiexin decoc-
tion were removed from the table, and the components
that did not match the components of depression and
ulcerative colitis were removed. Finally, the disease tar-
get genes of the herbs were obtained, and a common
target database was established.

Construction of the protein interaction network

The PPI was constructed and clarified using the
STRING network database platform to further elucidate
the interactions of the common target genes in the treat-
ment of depression and ulcerative colitis with Banxia
xiexin decoction. The protein species was set to “Homo
sapiens”, and the minimum interaction threshold was set
to “Medium Confidence”. The data for the protein-
protein interactions were obtained, listed in columns,
and saved in. TSV format, and the PPI network was vi-
sualized by constructing a graph.

Construction of the network modules and analysis of the
module function annotations

As a closely connected functional group, the biological
network module performs the corresponding functions
through the interactions of multiple targets in each net-
work module. The data presented in columns of the
TSV file were imported into the Cytoscape software, and
the key network modules were constructed by using the
MCODE Cluster analysis plug-in in the toolbar Apps. By
using the online Database for Annotation, Visualization
and Integrated Discovery (DAVIDG6.8), the target genes
in the key network modules were analysed by determin-
ing the related GO biological processes and signalling
pathways that were enriched in the KEGG. The DAVID
database integrates various database resources and uses
an improved fisher to accurately assess and calculate the
results. The P-value of each function and pathway was
obtained by the method and was corrected using the
Benjamini-Hochberg algorithm. The biological signaling
pathways with P<0.05 were regarded as statistically
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significant. The results were sorted according to the P-
value, and the top three results were retained.

Tissue distribution, protein attributes and sub-cellular
distribution of the targets in the key pathways

The key targets in the selected signalling pathways were
imported into the STRING database to obtain the pro-
tein interaction relationship, and the protein interaction
network was drawn with the Cytoscape software. Ac-
cording to the Degree value, the key targets were se-
lected and imported into the BioGPS (http://biogps.org),
Genecards (http://www.genecards.org/) and DisGeNET
(http://www.disenet.org) databases to obtain the tissue
distribution, subcellular distribution and protein classifi-
cation information, respectively.

Results

Active components and target selection of Banxia Xiexin
decoction

Through searching the ETCM, TCMSP and TCMIP on-
line databases to obtain the compounds and prediction
targets of Banxia Xiexin Decoction, and combining the
compound information of each database, 364 active
compounds were obtained (Including 28 Banxia, 60 Scu-
tellaria, 14 Coptis, 116 ginseng, 7 ginger, 59 jujube, 80
Glycyrrhiza). Using the related target prediction technol-
ogy in each software to screen the prediction targets of
the above-mentioned active ingredients, eliminate the
repeated targets, and finally obtain a total of 1551 herbal
prediction targets.

Screening disease targets for depression and ulcerative
colitis

We searched the DisGeNET, OMIM, Drugbank, CTD
and PharmGKB databases and screened the known tar-
get genes related to depression and ulcerative colitis. We
combined the target genes from each database, deleted
the duplicate disease targets, and retrieved 876 disease
targets for depression and 914 disease targets for ulcera-
tive colitis. The intersection of 1551 predicted herbal
medicine targets and two disease targets was obtained to
obtain 318 therapeutic targets of Banxia Xiexin decoc-
tion for depression and 198 therapeutic targets for ul-
cerative colitis. Then, 318 depression targets and 198
ulcerative colitis targets were imported into the Omic-
Share online tool to extract the intersecting target genes
and construct a Venn diagram, as shown in Fig. 1. Fi-
nally, 66 common targets of Banxia Xiexin decoction in
the treatment of depression and ulcerative colitis were
obtained.

Constructing the PPI network of shared targets
The 66 intersecting target genes listed above were
imported into the STRING software platform to obtain


http://biogps.org
http://www.genecards.org/
http://www.disenet.org

Yuet al. BMC Complementary Medicine and Therapies2020) 20:199

Page 5 of 13

Fig. 1 Venn diagram of drug-disease intersection target of Banxia Xiexin decoction for depression and ulcerative colitis

the data columns of protein-protein interactions, con-
struct a PPI network diagram, and better understand the
potential mechanism of Banxia xiexin decoction in the
treatment of depression and ulcerative colitis. The net-
work contains 65 protein-protein interaction targets and
464 edges that represent protein-protein interactions.
The average node Degree value in the network is 14.30,
and the average centre clustering coefficient is 0.614, as
shown in Fig. 2.

Identification and analysis of network modules

The protein interaction data listed above were imported
into the Cytoscape software, and the protein interaction
network of Banxia Xiexin decoction in the treatment of de-
pression and ulcerative colitis was divided into modules by
using the MCODE Cluster plug-in tool, involving 63 nodes
and 464 edges. Four key network modules and 90 targets
were finally obtained, among which the largest network
module was composed of 35 target nodes. The nodal target
proteins contained in these modules may play important
roles in the treatment of depression and ulcerative colitis
with Banxia Xiexin decoction, as shown in Fig. 3. The tar-
gets contained in each network module were imported into
the DAVID tool for an enrichment analysis of GO

biological processes and KEGG pathways. Table 1 lists the
top three biological processes and signalling pathways of
each network module according to the significance of the
P-values obtained from the enrichment analysis. Module A
was mainly related to the positive regulation of biosynthesis,
including pathway in cancer, proteoglycan signaling path-
way in cancer and arachidonic acid metabolism pathway.
Module B was mainly related to metabolism pathway, in-
cluding HIF-1 signaling pathway, arachidonic acid metabol-
ism pathway and NF-kappa B signaling Pathway. Module C
was mainly related to plasma membrane regulation, mainly
involving neuroactive ligand-receptor interaction signaling
pathway, serotonergic synapse and calcium signaling path-
way. Module D was related to related metabolic processes,
mainly involving drug metabolism-cytochrome P450, me-
tabolism of xenobiotics by cytochrome P450 and retinol
metabolism signaling pathway.

GO biological processes of common target genes and
KEGG pathway analysis

The 66 common target genes screened above were mapped
for an enrichment analysis of the GO terms and KEGG
pathways and displayed in the chart shown in Fig. 4. Go
biological process analysis showed that drug response,
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Fig. 2 PPl Network Diagram of Common Targets

Fig. 3 Network module analysis of Banxia Xiexin Decoction in the treatment of depression and ulcerative colitis




