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Banxia Xiexin decoction, a traditional herbal mixture, has been widely used for chronic atrophic gastritis in
clinical practice in China. However, research on the bioactive components and underlying mechanisms of
Banxia Xiexin decoction in chronic atrophic gastritis is still scarce. Components and corresponding targets
of Banxia Xiexin decoction were collected from the traditional Chinese medicine systems pharmacology
database and analysis platform. The chemical structures of each component were obtained from PubChem.
Meanwhile, targets of chronic atrophic gastritis were collected from DrugBank and Online Mendelian
Inheritance in Man. Then, the herb-compound-target-disease network and the protein-protein interaction
network were constructed based on the data obtained above. Cytoscape network centrality analysis was
utilized to filter hub genes and VarElect was used to analyze the relationship between genes and diseases.
At last, Metascape was employed for systematic analysis of the potential targets of herbals against chronic
atrophic gastritis and AutoDock was applied for molecular docking to verify the results. A total of 214
components were screened as active components and there were 21 shared targets between Banxia Xiexin
decoction and chronic atrophic gastritis. Two function modules of Banxia Xiexin decoction were found in
the protein-protein interaction network. Further systematic analysis of shared genes and function modules
explained the potential mechanism of Banxia Xiexin decoction in the treatment of chronic atrophic gastritis;
molecular docking has verified the interactions. Banxia Xiexin decoction could be employed for chronic
atrophic gastritis through mechanisms including complex interactions between related components and
targets, as predicted by network pharmacology and molecular docking. This work confirmed that Banxia
Xiexin decoction could apply for the treatment of chronic atrophic gastritis and promoted the explanation
of Banxia Xiexin decoction for chronic atrophic gastritis in the molecular mechanisms.
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Chronic Atrophic Gastritis (CAG) is a complex
syndrome, defined as gastritis with the atrophy of
gastric mucosa, gastric parietal cells and gastric
glands, with or without metaplasia. It is mainly
caused by H. pylori infection or autoimmunity
reaction!’). Although most CAG cases are benign
courses, some of them can also lead to malignant
complications such as life-threatening severe anemia
and cancerl?.

In clinical practice, mucosal-protective agents and
Proton Pump Inhibitors (PPIs) are the most commonly
prescribed medications for treating CAGE. However,
the current therapy strategy still lacks effective
means and drugs for treating CAG. At the same time,
Traditional Chinese Medicine (TCM) has a clinical-
based development history of over 2000 y and is safe
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and effective for the treatment of various diseases!*.
Although there are no records of a disease named
CAG in TCM literature, according to the clinical
symptoms and pathogenesis characteristics of CAG,
it can be classified as “distention and fullness”,
“epigastric pain” and “stomachache” in TCMP!.

Banxia Xiexin Decoction (BXD) is first recorded in
“Treatise on Febrile and Miscellaneous Diseases”
by Zhang Zhongjing in the Eastern Han Dynasty,
consisting of seven Chinese herbs: Banxia, Huanglian,
Huangqin, Renshen, Ganjiang, Gancao and Dazao
(Table 1), which is widely used for gastrointestinal
diseases and witness great curative effect. The
clinical effect of BXD in patients with CAG has
been confirmed, but research on its pharmacological
mechanism and the exact target remains vacant.
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Therefore, further related molecular and pathway
research on BXD is still a giant challenge for us.

In recent years, the research methods of network
pharmacology have been gradually systematized.
Based on system biology and polypharmacology,
network pharmacology provided a novel network
mode of “multiple targets, multiple effects, complex

TABLE 1: THE LATIN NAME OF EACH HERB

diseases”, which contributes to the revelation of
complex network connections among drugs, genes,
targets and diseases!®®l. Here, we adopted network
pharmacology to identify the potential therapeutic
targets and relevant pathways of BXD in treating
CAG and try to provide reliable proof for further
molecular mechanisms research of BXD against
CAG (fig. 1).

Herbs Latin name
Banxia Arum ternatum Thunb
Huanglian Coptidis rhizoma
Huanggin Scutellariae radix
Renshen Panax ginseng C. A. Mey.
Ganjiang Zingiberis Rhizoma
Dazao Fructus Jujubae
Gancao Licorice
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Fig. 1: The flow chart of the study
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MATERIALS AND METHODS
Screening active ingredients:

The ingredients of the seven herbals consisted BXD
were searched and collected from the Traditional
Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP, http://Isp.nwu.edu.
cn/temsp.php). The active ingredients of each herb
were screened by the criteria of Oral Bioavailability
(OB)>30 % and Drug-Likeness (DL)>0.18:19,

Target prediction and verification:

Although the ingredients screened by OB and DL have
a higher possibility of being absorbed by the human
body, we need to explore the potential ability of these
ingredients in regulating the corresponding target to
judge the effectiveness of these ingredients!'"). Thus,
we collected the corresponding targets from TCMSP
and only the targets with clinical trial verification
records in the DrugBank database were adopted!?!.

Taking “chronic atrophic gastritis” or ‘“atrophic
gastritis” as keywords, we obtained the therapy-
related targets of CAG from the following databases:
Online Mendelian Inheritance in Man (OMIM)
database  (https://www.omim.org),  Therapeutic
Target Database (TTD) (http://db.idrblab.net/ttd/),
DrugBank  database (https://www.drugbank.ca)
and GeneCards database (https://www.genecards.
org). Then, duplicate records were deleted and
the results were combined to form the cluster of
potential therapeutic targets of CAG. Furthermore,
the intersection targets of the BXD and CAG targets
section were considered as the therapeutic targets of
BXD against CAG.

Protein-Protein Interaction (PPI) and hub-gene
analysis:

To reveal the complex relationships between the
therapy targets and CAG, we performed PPI network
analysis. PPl makes the interactions of proteins
clear and helps to explain the function of possible
protein complexes or functional modules!'*). Search
Tool for the Retrieval of Interacting Genes/Proteins
(STRING) is a web database providing online PPI
analysis!'®!. After uploading the common targets to
STRING, we constructed the PPI network. Then, the
result was imported to Cytoscape (version 3.8.0) for
further analysis!'¥. Cytoscape Network Centrality
Analysis (CytoNCA) plugin in Cytoscape was
applied to analyze the centrality of certain targets
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and evaluate protein interaction networks!"!. The
VarElect online tool can analyze direct and indirect
relationships between genes and diseases!®l. In this
study, the relationships of potential targets of BXD
against CAG were analyzed with VarElect, the results
helped to determine which targets will be included in
the next molecular docking.

Biology functional analysis:

Since Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) can contribute to
the interpretation of system-level data and enable
discoveries!!”), in this study, Metascape was utilized
for GO and KEGG analysis to further explore the
complex mechanism of BXD in the treatment of CAG.
Metascape is a web-based platform providing gene
annotation, functional enrichment and interactome
analysis services; monthly database update could
keep our analysis results up to date!'”). In this work,
GO and KEGG terms with p<0.03 were considered
as significant enrichment analyses.

Molecular docking:

Molecular docking was used to assess interactions
between components and hub targets. All hub
targets were included in the molecular progress.
The structures of these targets were collected from
Protein Data Bank (PDB)'®. We used AutoDock and
PyMOL for molecular docking and binding energy
assessment!'”?l, Finally, we used Discovery Studio
to visualize the results of molecular docking.

RESULTS AND DISCUSSION

Screening of active components was shown here.
We obtained 212 candidates active ingredients of
BXD from the TCMSP database with the screening
conditions of OB>30 % and DL>0.18. Among them,
13 candidate ingredients were from Banxia, 14 from
Huanglian, 36 from Huangqin, 22 from Renshen, 5
from Ganjiang, 93 from Gancao and 29 from Dazao.
After deduplication, a total of 279 ingredients of
BXD were collected for the further screening.

Target prediction and verification was discussed
here. Meanwhile, taking “chronic atrophic gastritis”
or “atrophic gastritis” as keywords, a total of 486
validated therapeutic targets for CAG were obtained
from OMIM, TTD, DrugBank and GeneCards
databases. Then, we combined the targets collected
from the different databases and deduplicated the
duplicate records to construct the cluster of therapy
targets of CAG.
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The targets overlapped between BXD and CAG
clusters were considered as the therapeutic targets.
Based on the data obtained above, we constructed
the Herb-Compound-Targets-Disease (H-C-T-D)
network, which consisted of 213 nodes (BXD, CAG,
7 herbals, 132 bioactive compounds and 71 targets)
and 976 edges (fig. 2).

PPI network and hub-gene analysis was explained
here. In further analysis, all 71 common targets were
uploaded to STRING to construct the PPI network
(fig. 3); the results were imported to Cytoscape
to calculate the degree value of each gene using
CytoNCA plugin and reconstruct the PPI network
according to the degree value (Table 2), then, the

PPI was reconstructed with the degree order (fig.
4). There were two possible biofunctional modules
divided from the PPI network (fig. 5). After screening
by CytoNCA, the top 10 targets were defined as hub
targets.

We analyzed the 71 common targets using VarElect to
investigate the correlation between targets and CAG,
and the results suggest that 26 targets were related
to CAG directly, whereas 45 targets were related to
CAG indirectly (fig. 6); among these targets, Tumor
Protein P53 (TP53), AKT Serine/Threonine Kinase 1
(AKT1), Tumor Necrosis Factor (TNF), Epidermal
Growth Factor Receptor (EGFR) and Interleukin-1
beta (IL-1P) have the highest score of correlation.

Fig. 2: The H-C-T-D network

Fig. 3: The PPI network
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TABLE 2: THE RELATED INFORMATION OF THE PPI NETWORK

Genes Degree Betweenness Closeness
ALB 60 334.6169 0.864198
TP53 59 180.34065 0.853659
AKT1 58 208.1184 0.843374
IL-6 55 370.48294 0.823529
TNF 54 116.79547 0.804598
VEGFA 54 90.39987 0.804598
PTGS2 53 132.03102 0.795455
EGFR 52 118.89964 0.786517
CASP3 51 74.19955 0.777778
STAT3 51 66.56651 0.777778
IL-18 51 63.150833 0.777778
MYC 50 91.731125 0.769231

EGF 48 50.615067 0.752688
MMP9 47 58.15639 0.744681

CTNNB1 46 62.132324 0.736842
CXCL8 46 30.849913 0.736842
CCND1 45 50.873108 0.729167
CAT 45 96.33492 0.729167
PPARG 45 69.95399 0.729167
FOS 44 59.804527 0.721649
IL10 43 33.294266 0.714286
CcCL2 42 19.39998 0.707071

PTEN 42 59.528633 0.707071

ERBB2 40 30.246576 0.693069
ICAM1 39 9.656397 0.686275
L2 39 29.889345 0.686275
TGFB1 37 6.63817 0.673077
IFNG 36 6.4944043 0.666667
SERPINE1 35 24.655151 0.660377
SPP1 34 13.671889 0.654206
KDR 34 24.73009 0.654206
MMP3 33 22.96437 0.648148
IL1A 33 8.05034 0.648148
MPO 32 35.512 0.642202
FASLG 31 5.3879576 0.636364
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CASP1 30 8.180565 0.630631
CDKN1A 30 10.50631 0.630631
MCL1 30 15.734691 0.630631
CRP 30 5.689564 0.630631
NOS2 29 11.795232 0.625
CHUK 28 7.545771 0.619469
AR 28 24.579977 0.619469
AHR 27 40.32644 0.614035
PLAU 25 0.1359447 0.603448
PRKCA 24 5.8871307 0.598291
HSPB1 24 3.353345 0.598291
IGF2 23 0.6110213 0.59322
BAX 20 4.339728 0.578512
GJA1 20 3.928358 0.578512
GSTP1 20 25.447138 0.569106
SOD1 19 12.657464 0.57377
CYP1AT1 18 17.28925 0.564516
PTGS1 17 13.424284 0.56
CYP3A4 17 18.700836 0.564516
BIRC5 14 1.4444444 0.522388
GSTM1 14 9.805274 0.534351
CHEK2 13 1.2958502 0.538462
PIK3CG 12 2.7351422 0.518519
PRKCB 12 2.64741 0.510949
CYP2C9 11 3.9084525 0.507246
BCL2 10 1.4067007 0.510949
obcC1 10 0.46414414 0.522388
CYP1A2 10 3.8603175 0.503597
CYP2B6 10 2.8008583 0.503597
XDH 9 3.2610993 0.518519
PTPN22 6 0 0.5
DRD2 5 0.06451613 0.482759
PRSS1 4 0 0.47619
ACACA 4 0 0.5
CHRM3 2 138 0.460526
CHRM5 1 0 0.316742
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Fig. 4: The PPI network ranked by degree value
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Fig. 5: The hub gene functional modules
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Fig. 6: The relationship network

The enrichment analysis of GO and KEGG of the
21 common targets was showcased in fig. 7A-fig.
7D, the results were ranked by —log 10 (p value).
Besides, the functional analysis of the two potential
biofunctional modules divided from the PPI network
is shown in fig. 8. In GO and KEGG enrichment
analysis, terms with high enrichment scores suggest
that Mitogen-Activated Protein Kinase (MAPK)
signaling pathway, TNF signaling pathway and
Phosphatidylinositol ~ 3-Kinase  (PI3K)/Protein
Kinase B (Akt) signaling pathway could be the
most possible mechanisms of BXD in treating CAG.
For the 2 protein modules, module 1 can regulate
the MAPK signaling pathway, PI3K-Akt signaling
pathway, Advanced Glycation Endproducts-Receptor
for Advanced Glycation Endproducts (AGE-RAGE)
signaling pathway and apoptotic signaling pathway.
Module 2 can regulate the metabolism of xenobiotics
by xenobiotic catabolic process, long-chain fatty acid
biosynthesis, drug metabolism-cytochrome P and
estrogen 2-hydroxylase activity, which suggested
BXD can act on CAG through multiple pathways.

The molecular structure were downloaded from
Research Collaboratory for Structural Bioinformatics
(RCSB) database, TNF (PDB ID: 1A8M), TP53
(PDB ID: 1GZH), AKT1 (PDB ID: 1h10), IL-1pB
(PDB ID: 1hib), EGF (PDB ID: 1IVO) and EGFR
(PDB ID: 11VO). As shown in fig. 9, the molecular
docking results demonstrated the binding of hub
targets and corresponding components. The docking
information of components and hub targets was listed
in Table 3 and the results suggested that components
in Data Flow Diagram (DFD) could interact with
the hub targets against Ventricular Arrhythmia (VA),
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following the principle that the lower the binding
energy, the more stable the docking modules. The
docking results mainly show quercetin has the
highest binding energy connected with TNF (fig.
9A), quercetin connected with TP53 (fig. 9B), beta-
carotene connected with AKT1 (fig. 9C), quercetin
connected with IL-1f (fig. 9D), quercetin connected
with EGF (fig. 9E) and quercetin connected with
EGFR (fig. 9F).

BXD is a classical formula of traditional Chinese
medicine, which has been widely used to treat
CAG in China and achieved satisfactory effects.
Nevertheless, the identification of active ingredients
and pharmacological molecular mechanism of
Metachromatic Leukodystrophy (MLD) is unclear
and needs to be solved urgently. In this study, the
bioactive components and underlying molecular
mechanisms of BXD in the treatment of CAG were
analyzed systematically.

Through related information, collection and primary
screening, we identified 21 potential targets of
BXD in the treatment of CAG. A PPI network was
constructed with STRING and Cytoscape 3.8.0, the
top 10° value genes were selected as hub genes and
2 functional modules were divided based on their
interactions. All potential genes were analyzed using
VarElect, all 10 hub genes are suggested directly
related to the treatment of CAG and among these
genes, TP53, AKT1, TNF, EGFR as well as IL-1p,
have the highest scores of correlations; in other
words, these genes are the most promising targets
for BXD against CAG. Previous results demonstrate
that TP53 expression is significantly correlated
as independent prognostic factors with tumor cell

Special Issue 5, 2022
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proliferation and might be associated with relevant
events involved in gastrointestinal tumor biology!.
One research suggested that TP53 plays an
important role in the development of CAG, intestinal
metaplasia, dysplasia and the intestinal type of gastric
cancer. Accumulation of molecular abnormalities
may increase the susceptibility to the inflammatory
response of the gastric mucosa and the severity of
gastric mucosal damage correlates with the presence
of mutations in the gastric mucosa and the age of
patients??), Meanwhile, another research observed
that expression of TP53 continually increased along
the normal epithelium-atrophic gastritis-dysplasia-
carcinoma sequence!®l. A study conducted using an
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Factor-kappa B (NF-kB)-targeted anti-inflammatory
properties through suppression of AKT1 and play an
anti-inflammatory role in a variety of inflammatory
diseases such as gastritisi?*. And a study reported
that Akt rs1130233 polymorphisms were associated
with increased CAG risk in Helicobacter pylori
(H. pylori)-negative individuals. Akt rs1130233
genotype has a significant interaction between the
H. pylori infection in the progression from healthy
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phosphorylated Akt (p-Akt) protein expression in H.
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Fig. 7: The enrichment analysis of hub gene, (A-C) GO enrichment analysis and (D) KEGG pathway analysis
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Fig. 8: The enrichment analysis of functional modules

Note: (A) ( [l]) hsa05200 pathways in cancer; ( [[] ) hsa05205 proteoglycans in cancer; ( [l] ) hsa04933 AGE-RAGE signaling
pathway; ( [l] ) GO: 0010942 positive regulation of cancer; ([] ) hsa04151 PI3K-Akt signaling pathway; ( [[] ) hsa04010 MAPK
signaling pathway; ([] ) hsa04068 Forkhead Box O (FOXO) signaling pathway; ( [l ) hsa05206 microRNAs in cancer; ( [l )
GO: 0048660 regulation of smooth muscle; ( []]) GO: 0097190 apoptotic signaling pathway and (B) ([l ) hsa00980 metabolism of
xenobiotics; ( [ ) GO: 0042178 xenobiotic catabolic process; ( [l ) GO: 0042759 long chain fatty acid biosynthesis; ( [l ) hsa00982
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drug metabolism-cytochrome P and ([[] ) GO: 0101021 estrogen 2-hydroxylase activity

TABLE 3: THE DETAILS OF MOLECULAR DOCKING

Ligand Mol ID PubChem CID Molecular targets Binding energy
Quercetin MOL000098 5280343 TNF -7.1
Wogonin MOL000173 5281703 TNF -6.3
Kaempferol MOL000422 5280863 TNF -6.8
Ginsenoside Rh2 MOL005344 119307 TNF -7.1
Quercetin MOL000098 5280343 TP53 -7.9
Wogonin MOL000173 5281703 TP53 -7.8
Acacetin MOL001689 5280442 TP53 -7.7
Baicalein MOL002714 5281605 TP53 -7.8
Quercetin MOL000098 5280343 AKT1 -6.1
Wogonin MOL000173 5281703 AKT1 -6
Kaempferol MOL000422 5280863 AKT1 -6.1
Baicalein MOL002714 5281605 AKT1 -6.7
Beta-carotene MOL002773 5280489 AKT1 -6.9
Naringenin MOLO004328 439246 AKT1 -6.2
Quercetin MOL000098 5280343 IL-18 -7.3
Ginsenoside Rh2 MOL005344 119307 IL-18 -7.2
Quercetin MOL000098 5280343 EGF -8.6
Quercetin MOL000098 5280343 EGFR -6.4
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Further, the results of GO and KEGG analysis
elucidated the MAPK signaling pathway, TNF
signaling pathway and PI3K-Akt signaling pathway,
which revealed the potential mechanisms of BXD
in treating CAG. According to the study of Jianmei
Zhang, Hymenocallis littoralis (Jacq.) Salisb, also
known as Pancratium littorale Jacq, exerts eminently
anti-inflammatory activities in Lipopolysaccharide
(LPS)-stimulated RAW264.7 cells in vitro and in
Hydrochloric acid (HCl)/Ethanol (EtOH)-induced
gastritis mice models in vivo and these activities
could be attributed to its modulatory effects on the
MAPK signaling pathway?®. One study showed that
Berberine (BBR) can improve CAG by reducing the
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expression of inflammatory factors TNF-a and IL-
1B, down-regulating the expression of Transforming
Growth Factor-beta (TGF-B) axis-related signals
such as TGF-B1, PI3K, p-Akt/Akt and improving
the gastric tissue injury of CAG rats®’l. Similarly,
there is a study which reported that Zuojin pill
has a good therapeutic effect on CAG induced by
N-methyl-N'-Nitro-N-Nitrosoguanidine  (MNNG),
which could significantly reduce the content of
G-17 and inflammatory factors IL-8, TNF-a, IL-6
and IL-1p, inhibit the expression of TGF-f1, PI3K
and their downstream signals p-Akt, phosphorylated
mammalian Target of Rapamycin (p-mTOR),
P70S6K™8, Reports also suggested that inhibition
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of heparanase may reduce pro-inflammatory and
pro-tumorigenic cytokines (i.e., IL-1, IL-6, IL-1p,
TNF-a, Macrophage Inflammatory Protein-2 (MIP-
2), inducible Nitric Oxide Synthase (iNOS)), block
a vicious circle driven by enhanced NF-kB and
p38-MAPK signaling and thereby reduce the risk of
gastritis and gastric cancer®!.

Besides, the potential targets were divided into 2
function modules, as shown in fig. 5. The enrichment
analysis results indicate module 1 can regulate the
MAPK signaling pathway, PI3K-Akt signaling
pathway, AGE-RAGE signaling pathway and
apoptotic signaling pathway, which suggests that
module 1 has great potential in the anti-inflammatory
response. Similarly, the results of enrichment analysis
indicate that module 2 was involved in the regulation
of the metabolism of xenobiotics by xenobiotic
catabolic process, long-chain fatty acid biosynthesis,
drug metabolism-cytochrome P and estrogen
2-hydroxylase activity, which has illustrated the anti-
inflammatory potential of module 2. Furthermore, as
shown in fig. 5, the multiple regulations in different
aspects may benefit patients suffering from related
diseases such as gastric ulcers, cancer and other
diseases.

Nevertheless, the present study has some limitations.
First, as a traditional Chinese decoction, BXD treats
CAG through multicomponent and multitarget,
indicating that the underlying mechanisms are
complex. Although we have made some identification
on the mechanisms, there is still a lot to explore. Here,
this study is designed to understand the mechanism
profoundly through network pharmacology as well
as molecular docking technology. Like other network
pharmacology analyses, taking the intersection
of targets about BXD and CAG in this study not
only follows the operating processes of network
pharmacology but also makes the result of virtual
screening more reliableP”. Undoubtedly, targets that
involve either BXD or CAG might be ignored and
missed, a common and inevitable issue in network
pharmacology. And for this reason, in the collection
of components and targets, despite BXD and CAG,
we tried our best to reduce bias by searching as
much more databases as we can. Finally, so many
components are boiled together and more research
is needed to detect whether there are some newly
formed compounds.

As we mentioned above, BXD could be employed
for CAG through mechanisms, including complex
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interactions between related components and targets,
as predicted by network pharmacology and molecular
docking. This work confirmed that BXD could apply
for the treatment of VA and promote the explanation
of BXD for CAG in the molecular mechanisms.
The systematic analysis in this work can provide a
comprehensive consideration for further studies.
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