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Abstract

BACKGROUND

Inflammatory bowel disease (IBD) is a complex chronic inflammatory bowel
disease that is closely associated with risk factors such as environment, diet,
medications and lifestyle that may influence the host microbiome or immune
response to antigens. At present, with the increasing incidence of IBD
worldwide, it is of great significance to further study the pathogenesis of IBD
and seek new therapeutic targets. TCM treatment of diseases is characterized
by multiple approaches and multiple targets and has a long history of clinical
application in China. The mechanism underlying the effect of zedoary turmeric-

trisomes on inducing mucosal healing in IBD is not clear.

AIM
To explore the effective components and potential mechanism of zedoary
turmeric-trisomes in the treatment of IBD with intestinal fibrosis using network

pharmacology and molecular docking techniques.

METHODS

The chemical constituents and targets of Rhizoma zedoary and Rhizoma sanarum
were screened using the TCMSP database. The GeneCards database was
searched to identify targets associated with intestinal fibrosis in IBD. The
intersection of chemical component targets and disease targets was obtained
using the Venny 2.1 online analysis platform, and the common targets were
imported into the STRING 11.0 database to construct a protein interaction
regulatory network. A “zedoary turmeric-trisomes - chemical composition -
target - disease” network diagram was subsequently constructed using
Cytoscape 3.7.2 software, and the topological properties of the network were
analyzed using the “Network Analysis” plug-in. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of
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the common targets were performed using the DAVID 6.8 database to elucidate
the mechanism of zedoary turmeric-trisomes in the treatment of IBD.
Subsequently, molecular docking of the compounds and targets with the
highest intermediate values in the “zedoary turmeric-trisomes - chemical
composition - target - disease” network was performed using Sybyl-x 2.1.1

software.

RESULTS

A total of 5 chemical components with 60 targets were identified, as well as
3153 targets related to IBD and 44 common targets. The protein-protein
interaction network showed that the core therapeutic targets included JUN,
MAPK14, CASP3, AR, and PTGS2. The GO enrichment analysis identified 759
items, and the KEGG enrichment analysis yielded 52 items, including the
cancer pathway, neuroactive ligand-receptor interaction, hepatitis B, and the
calcium signaling pathway, reflecting the complex biological processes of the
multicomponent, multitarget and multipathway treatment of diseases with
zedoary turmeric-trisomes. Molecular docking showed that the compound
bonded with the target through hydrogen bond interactions and exhibited

good docking activity.

CONCLUSION

This study identified the potential mechanism of action of zedoary turmeric-
trisomes in the treatment of inflammatory bowel fibrosis using network
pharmacology and molecular docking technology, providing a scientific basis

for further expansion of their clinical use.

Key words: Network pharmacology; Molecular docking; Zedoary turmeric

trisomes; Inflammatory bowel disease; Intestinal fibrosis
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Core Tip: Intestinal fibrosis is one of the common complications of IBD.
Finding effective drug treatment is an important issue that needs to be solved
at the moment.

INTRODUCTION

Intestinal fibrosis is a common complication of inflammatory bowel disease
(IBD)!1l. In severe cases, intestinal obstruction leads to a decrease in the quality
of life of patients; most patients require surgical intervention, which poses a
major challenge for cliniciansi?l. Fibrosis forms after repeated stimulation of
intestinal tissue by long-term chronic inflammation. Similar to fibrosis in other
organs, the potential mechanism of action is complex and may be related to the
interactions between a variety of cells and cytokines®’l. Due to the destruction
of the epithelial barrier observed in IBD, intestinal bacterial products penetrate
the stroma, and the epithelial gap induced by immune cells and immune cell
activation mediates the innate immune responsel4. Changes in environmental
factors and chronic inflammation due to repeated stimulation result in obvious
changes in intestinal extracellular matrix components and, through their
mechanical properties, facilitate the formation of fibrosisl. The traditional
iew that intestinal fibrosis is an inevitable and irreversible process is gradually
changing based on studies of its underlying pathological, cellular and
molecular mechanisms/6l. In addition, clinical studies have shown that stenosis
formation is reversible in patients undergoing septoplastyl’l. Previously

prescribed drugs, such as mesalazine and risadomide, cannot prevent or

improve intestinal fibrosis, and their side effects are obvious!®l. Therefore, the
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use of traditional Chinese medicine (TCM) for the treatment of intestinal
fibrosis is gradually increasing due to the advantages being safe and having
stable efficacy and no obvious side effects.

Zedoary turmeric-trisomes are from the three-rib-pill prescription written by
Yao Jun in the Qing dynasty. Studies have shown that zedoary turmeric-
trisomes can inhibit or reverse fibrosis changes in multiple organs [*1%, but the
specific active components and their interactions remain unclear. In this study,
the mechanism of action of zedoary turmeric-trisomes in the treatment of IBD
intestinal fibrosis was systematically studied using a network pharmacology
approach. The virtual binding of compounds in zedoary turmeric-trisomes to
receptor molecules was analyzed by molecular docking to identify the targets
and binding sites, and the potential mechanism of action of zedoary turmeric-
trisomes in the treatment of IBD intestinal fibrosis was elucidated. This study
provides a theoretical and scientific basis for further research.

MATERIALS AND METHODS

Construction and screening of chemical constituents of zedoary turmeric-
trisomes

The TCM Systems Pharmacology (TCMSP) database and analysis platform can
be used to predict the absorption, distribution, metabolism and excretion of
TCM chemical components in vivo and to screen for the targets of chemical
components. The TCMSP database (https://tcmspw.com/tcmsp.php) 11l was
searched using the keywords “zedoary turmeric” and “trisomes” to determine
the chemical composition; the criteria of an oral bioavailability (OB) of 30% or
higher and a medicinal property (drug likeness, DL) of 0.18 or higher were used
to filter the results. The PubChem database
(https:/ / pubchem.ncbinlm nih.gov /)12l was used to check the name of the
chemical components and molecular structure, and the information for the
qualified compounds was imported into Excel. Moreover, the TCMSP database

was queried to retrieve the action targets of the chemical components in an
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Excel table, and the targets were imported into the UniProt database
(https:/ /www.UniProt.org/)[?l to correct the names of the targets for
standardization purposes. The chemical components and action targets of the
abovementioned drug pairs were classified, sorted and saved in Excel for

future use.

Acquisition of targets of intestinal fibrosis in IBD

The GeneCards database is a comprehensive database of human genes that
integrates multiple genetic database resources. Using the keywords
“inflammatory bowel diseases - intestinal fibrosis”, we searched the GeneCards
(https:/ /www.genecards.org/) database to identify associations between IBD

and intestinal fibrosis target information.

Screening of common drug-disease targets and construction of the protein-

protein interaction (PPI) network

The notable drug targets includedﬁhizoma zedoariae trisomes based on an
17

analysis using the Venny 21 online platform

(https:/ /bioinfogp.cnb.csic.es/tools /venny/), IBD intestinal fibrosis target

mapping, a Venn diagram and common targets. The common targets were
identified as potential targets of zedoary turmeric-trisomes in the treatment of
IBD intestinal fibrosis. The common targets ere imported into the STRING
11.0 database (https://string-db.org/), the species was limited to Homo
sapiens, the minimum required interaction score was set to 0.7, and the option
“Hide disconnected nodes in the network” was selected to construct the PPI

network. An analysis of the topological properties of the network was

conducted to predict the core regulatory targets in the network.

Network construction and analysis

Data files for the chemical components, corresponding targets and diseases
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3]
were prepared and imported into Cytoscape 3.7.2 software to construct a

network diagram of “zedoary turmeric-trisomes - chemical component - target
- disease”. The “Network Analysis” plug-in was used to analyze the topological
properties of the network and to measure the importance of the various nodes
in the network according to the node degree value. Thus, the mechanism of

action of zedoary turmeric trisomes on IBD intestinal fibrosis was predicted.

Gene enrichmnent analysis

The DAVID database is an online functional annotation system based on a web
server for gene function enrichment analysis and pathway enrichment analysis
that includes analysis tools and biological knowledge bases and is mainly used
for the identification of target function and pathway information, disease
analysis and other analyses. To further understand the function of a target and
its role in the signaling pathway, DAVID (https;//david.nciferf.gov/) was
used to identify 1.3 and 6.8 common targets for subsequent Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses using “Homo sapiens” as the background. To elucidate the potential
mechanism of zedoary turmeric-trisomes in the treatment of IBD intestinal
fibrosis, GO and KEGG pathway enrichment analyses based on ological

process (BP), cellular component (CC) and molecular function (MF) were

performed on the potential targets.

Molecular docking

Molecular docking is a widely used computer virtual screening technology for
predicting the interaction mode and affinity between a ligand and a receptor
that is based on geometric and energy matching principles. In this study, the
Chemical Book database
(https:/ /www.chemicalbook.com/ProductIndex.aspx)[!4l was used to obtain

the active ingredient in a .mol format file. The file was then imported into the
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SYBYL-x 2.1.1 energy optimization software program, and the file was saved
in mol2_format for later use. After downloading the PDB format file of the
crystal structure of the core target protein from the RSCB PDB database
(https:/ /www.resb.org/), Sybyl-x 2.1.1 software was used for a series of
optimization operations, such as ligand extraction and hydrodehydration of
the target protein. The docking mode of the receptor protein and ligand
compound was observed using the Surflex-Dock module in the software

program.

RESULTS

Screening of the chemical constituents of zedoary lurmeric-trisomes

Using “zedoary” and “trisomes” as the keywords, 81 chemical constituents of
zedoary and 30 chemical constituents of trisomes were obtained from a search
of the TCMSP database. After applying the filters for OB > 30% and DL > 0.18
and removing compounds without targets, 5 active components were obtained,
which corresponded to 60 targets, and these included 1 chemical component of
zedoary and 5 chemical components of trisomes. These compounds include the
components common to zedoary turmeric and trisomes. Table 1 shows the

chemical composition of zedoary turmeric trisomes.

Screening of intestinal fibrosis targets in IBD
A total of 3153 targets related to intestinal fibrosis in IBD were retrieved from
the GeneCards database using the key words “inflammatory bowel disease-

intestinal fibrosis”.

Target screening and PPI network analysis of zedoary turmeric-trisomes in the
treatment of IBD intestinal fibrosis
Sixty targets of the active ingredients of zedoary turmeric-trisomes and 3153

targets of enteric fibrosis in IBD were introduced into Venny 2.1 for intersection
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operation, and 44 common targets were obtained, reflecting the synergistic
effect of zedoary turmeric-trisomes on_multiple targets in the treatment of
diseases (Figure 1). Forty-four common targets were imported into the STRING
database, the species was set to Homo sapiens, and the minimum required
interaction score was set to = 0.7. After selecting the option “Hide disconnected
nodes in the network”, the PPI network was generated (Figure 2A). The
network involved 36 nodes with 65 edges, and the average node degree was
3.61. The node degree represents the number of edges connected to a specific
node the network. The larger the degree is, the more critical the node. Figure
2B shows the information for the top 30 targets in the PPI network based on
node degree values, and the node degrees of JUN, MAPK14, CASP3, AR,
PTGS2, CASPS, ESR1, BCL2, CHRM1, ADRA1B, BAX, CASP9, PGR, PRKCA
and RXRA were greater than 3.61 (the average node degree value). These
results indicate that these nodes interact more with other proteins in the
network, which suggests that these targets play important roles in the
treatment of IBD intestinal fibrosis.

Construction and analysis of the “zedoary turmeric-trisomes - chemical
component - target - disease” network

Cytoscape 3.7.2 software was used to visualize the “zedoary turmeric-trisomes
- chemical composition - target - disease” regulatory network. The “Network
Analyzer” plug-in was used to analyze the topological properties of the
network, and the node degree was used as an important indicator describing
the nodes in the network. As shown in Figure 3, the red arrow represents IBD,
the green triangle represents TCM, the yellow square represents chemical
components, and the blue oval represents the targets of the chemical
components. The network consisted of 52 nodes, including 1 disease node, 2
TCM nodes, 5 chemical component nodes and 44 chemical component action
targets. The average degree of the chemical components in the network was

19.20, and the average degree of the chemical component action targets was
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3.05. An analysis of the compounds revealed that the degrees of hederagenin,
beta-sitosterol, formononetin and stigmasterol were greater than 19.20.
Regarding the targets, 12 had degrees greater than 3.05, and the top 5 targets
were identified as PTGS1, CHRM1, PTGS2, GABRA1 and PGR, reflecting the
synergistic effect of zedoary turmeric-trisomes on the treatment of IBD based
on multiple components and multiple targets. The degree values of the

compounds (No. 1-5) and targets (No. 6-49) are shown in Table 2.

GO and KEGG enrichinent analyses

GO d KEGG enrichment analyses of the common targets were performed
using the DAVID 6.8 database. A total of 759 items were obtained from the GO
enrichment analysis, including 629 BP items, 41 CC items and 89 MF items. The
results from the GO enrichment analysis were then sorted according to the
corrected P-value, and a bar chart of the top 20 items was generated (Figure 4).
The length of each bar in the figure represents the number of enriched genes,
and the color difference represents the significance of the gene enrichment. The
top BP terms included regulation of the membrane potential, response to
steroid hormones, regulation of blood pressure, gulation of tube diameter,
regulation of blood vessel size, and regulation of blood vessel diameter. The
top CC terms included the intrinsic component of the postsynaptic membrane,
the ntegral component of the postsynaptic membrane, the intrinsic component
of the presynaptic membrane (membrane), the integral component of the
presynaptic membrane (raft), the intrinsic component of the presynaptic
membrane, and the membrane microdomain. The top MF terms included
steroid hormone receptor activity and G protein-coupled amine receptor
activity. Adrenergic receptor activity, nuclear receptor activity, transcription
factor activity, and sequence-specific DNA binding activity are directly
regulated by ligands, which also regulate sequence-specific DNA binding and

catecholamine binding, among other processes.
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The KEGG enrichment analysis yielded 52 items, and the top 19 items were
selected to create a bubble map for visualization purposes according to the
number of enriched genes, as shown in Figure 4. In the figure, the bble size
represents the number of enriched genes, and the color difference represents
the significance of the gene enrichment. The KEGG enrichment results mainly
involved pathways in cancer, neuroactive ligand-receptor interaction, hepatitis

B, the calcium signaling pathway, adrenergic signaling in cardiomyocytes, and

tuberculosis.

Molecular docking results

The top 4 target proteins (PTGS1, CHRM1, PTGS2 and GABRA1) in the
network constructed as described in Section 2.4 were extracted. Sybyl-x 2.1.1
was used for the molecular docking of hederagenin, beta-sitosterol,
formononetin and stigmasterol. In the docking results (Figure 5), the purple
color represents the above four compounds, and the red dotted lines represent
hydrogen bond interactions. As shown in Figure 5A, ivy saponins interact with
GABRAL1 through Trp65, Ser130, Ser131, GIn348 and Glu349, and as depicted
in Figure 5B, f-sitosterol interacts with PTGS2 through hydrogen bonds via
Thr212 and GIn454. Moreover, as indicated in Figure 5C, formononetin
interacts with CHRM1 through hydrogen bond interactions between Thr189
and Thr192, and as illustrated in Figure 5D, stigmasterol interacts with PTGS1
through hydrogen bond interactions between Argl20 and Glu524. In
conclusion, the compounds saponin, p-sitosterol, formononetin and
stigmasterol interact with GABRA1, PTGS2, CHRMI1 and PTGS1 through
hydrogen bonds and thus fully bind to the active site of the target protein,

exhibiting good binding activity with the target protein.

DISCUSSION

Application of network pharinacology for the prediction and analysis of the
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compatibility relationship between zedoary turineric and trisomes

Network pharmacology aims to further clarify the interactions and mechanism
of a TCM and provide new strategies for drug research and development
through the construction of a “drug - target - disease” network 5. As an
auxiliary screening method, molecular docking technology has been widely
used to analyze the features of pharmacodynamic substances of TCM, to search
for drug targets and to explore the mechanism of action of a TCMI!6l. Network
pharmacology combined with molecular docking technology has shown
significant advantages in basic research on the activity of a TCM ['7l. In this
study, through the construction of the “drug - component - target - disease”
network, the 8 active ingredients with higher degree values were analyzed to
provide a reference for identifying the compatibility relationship between
zedoary turmeric and trisomes and were found to jointly participate in the
regulation of IBD intestinal fibrosis'®l. Studies have proven that ivy saponin
has anti-inflammatory, anticoagulant, antidepression, antitumor, antibacterial
and other effects [19]. B-Sitosterol exerts antioxidant, cholesterol-lowering, anti-
inflammatory, immunomodulatory and antitumor effects and can also enhance
the secretion of IL-2 and interferon-y, inhibit the secretion of IL-4, and exert
anti-inflammatory effects by inhibiting 1L-6 and tumor necrosis factor [2l.
Formononetin, as an active component of flavonoids extracted naturally, was
recently applied in a variety of disease models as a new inflammatory inhibitor
and may have potential therapeutic value for IBD by activating Nrf2 expression
211, Simin Feng et al. showed that stigmasterol significantly reduced the
inflammatory factors IL-1f, IL-6, and MCP-1 and the related cytokine synthase
COX-2, inhibited colon shortening, and reduced the severity of IBDI2l. These
researchers also found that stigmasterol had greater anti-inflammatory activity
than P-sitosterol and inhibited the symptoms of colitis [23]. In this study, the
molecular docking results showed that hederagenin, B-sitosterol, formononetin

and stigmasterol might be the core components of zedoary turmeric and
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trisomes involved in the treatment of intestinal fibrosis and might play an
antifibrotic role through immune regulation and anti-inflammatory effects(24l.
According to the synergistic effects of multiple components, we speculate that
trisomes regulate immunity and exhibit anti-inflammatory effects in the
treatment of IBD intestinal fibrosis, whereas zedoary aids the treatment of IBD

intestinal fibrosis and improves body function!25].

Association analysis between core target expression and IBD intestinal
fibrosis

Further analysis of the core targets in the “drug - chemical - target - disease”
network and PPI network revealed that the top 5 targets were PTGS1, CHRM]1,
PTGS2, GABRA1 and PGR, suggesting that these genes may be the core targets
in the treatment of IBD intestinal fibrosis. Among the top 30 targets in the PPI
network based on the node degree value, the cancer-related targets included
AR, ESR1, BCL2, CHRM1, ADRA1B, BAX, PGR, RXRA, CCNA2, ADRE],
ADHI1C, SLC6A3, NR3C2, MAOB, ADRA2A, PPARG, PRKCA, NOS2, ESR2,
CHRM3, ADRB2, and ADRA1A. The targets associated with hepatitis B were
CCNA2, ADRB1, MAOB, and ADRB2, and the immunomodulatory targets
included 1L-4 and MAPK14. The targets associated with inflammation are
PTGS2, PPARG and IL-4, and the targets related to the calcium signaling
pathway, which include CHRM1, CHRMS3, CASP3, CASPS8, and CASP9,
interact with the neuroactive ligand receptor. Recent studies have found that
CASP activation can be observed in tumor cell apoptosis. CASP refers to a
family of cysteine aspartate-specific proteases, and these proteases are the main
enzymes that perform cell apoptosis and are involved in the occurrence and
development of various diseases, particularly tumors and autoimmune
diseases [261. As a key protease, CASP8 participates in the transmission of
exogenous apoptosis signals in mammals, and CASP9 plays a crucial role in the

mitochondria-mediated endogenous apoptosis pathwayl?l. CASP3 plays a
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central role as a key protease in apoptosis and is also known as the “death
protease”, and the cascade reaction of apoptosis continues after the action of
this enzyme [28. Immune factors, including helper T cells, regulatory T cells,
cytokines and autoantibodies, play an important role in the pathogenesis and
progression of IBDP’L. The cytokine IL-4 plays an important role in regulating
intestinal barrier function, is mainly synthesized by activated lymphocytes, and
can inhibit the oduction of other cytokines, including IL-1, IL-6, IL-8 and
TNF-a, and the generation of lymphocytes and macrophages [3]. Several
studies have reported that in IBD, IL-4 significantly reduced wvascular
endothelial growth factor (VEGF) and inhibited the formation of blood vessels
1311, but the expression of VEGF in the tumor tissues of patients with colorectal
tumors was significantly increased 132l. The results of this study indicated that
PRKCA was involved in the regulation of the proliferation, differentiation,
survival, migration, cell polarity and cell cycle of various cancer cells; in
mediating cell proliferation, differentiation, cell cycle progression and
apoptosis; in regulating gene expression; and in promoting tumor formation
and metastasis and participates in metabolic regulation ®*l. The PTGS2 gene is
induced by COX2 and is involved in the inflammatory response, cell
proliferation, apoptosis and other pathological processes [%l. Further analysis
of the core targets in the “drug - components - target - disease” network and
PPI network revealed that the mechanism of action of zedoary turmeric-
trisomes in the treatment of IBD intestinal fibrosis was primarily related to

inflammatory factors and antitumor and immune regulation/35l.

The main mechanism of zedoary turmeric and trisomes in the treatment of IBD
intestinal fibrosis reveals the synergistic relationship and compatibility of
TCMs

Compared with other organs where fibrosis occurs, the gut is the only organ

1
where a large number of microorganisms coexist, and gut microbes have a
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profound impact on mucosal homeostasis between health and disease.
Changes in the intestinal barrier can cause bacteria to migrate into the intestinal
mucosa or portal vein circulation, which alters the host-microbe interactions
that are key to intestinal inflammationl®l. In particular, gut cells an sense
microbe-derived, pathogen-associated molecular patterns through pattern
recognition receptors(¥.

TCMs have achieved good results in the treatment of diseases through
dialectical treatment and a holistic approach!3]. TCM or TCM compounds have
multiple components and can have a regulatory role through multiple
channels, multiple targets and multiple links [*l. The typical characteristic of
IBD intestinal fibrosis is intestinal fibrosis formed by stenosis, which seriously
affects the quality of life of patientsl0l. This study focused on the factors and
mechanisms related to fibrosis and found that trisomes and zedoary had
therapeutic effects through inflammatory factor regulation, immune
regulation, antitumor activity and other pathwaysl41l. Xu Su used a San-ling pill
prescription combined with Western medicine to reduce the Crohn’s disease
activity index (CDAI) score, platelet activity index and D-dimer index of
patients with Crohn’s disease and to improve the rate of endoscopic fibrosis [431.
The underlying fibrosis mechanism in 1BD is complex, involving a variety of
cellular and molecular mechanisms, and the traditional iew that intestinal
fibrosis is an inevitable and irreversible process is gradually changingl#.

In summary, zedoary turmeric and trisomes influence each other and act
together to treat IBD intestinal fibrosis through multiple pathways with their
multiple components and targets, and this finding fully reflects the holistic and
comprehensive characteristics of TCMs in the treatment of diseases!*l. The
results of the analysis of their mechanism of action in the treatment of IBD
intestinal fibrosis via a technical approach consisting of network pharmacology
and molecular interconnections lay the foundation for further research and

provide a new perspective for multidimensional and multilevel research on
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treatments with TCM compounds.
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