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Purpose: A combination of bioinformatics methods including network pharmacology, molecular docking and molecular dynamics
simulation was utilized to investigate the potential mechanism of Smilax glabra Roxb. (SG) in the treatment of ulcerative colitis (UC).
Methods: We firstly used network pharmacology to screen out the major active components, targets and pathways. Secondly, the top
5 ingredients and the top 5 targets were docked with molecular docking technology respectively. Thirdly, the two protein-compound
complexes with the lowest binding scores were subjected to molecular dynamics simulation (MDs).

Results: A total of 15 bioactive compounds and 191 targets were identified, with the top 5 compounds being quercetin, beta-sitosterol,
naringenin, stigmasterol and diosgenin, and the top 5 targets being AKT1, IL-6, TNF, TP53 and IL-1pB. Predominant enrichment was
observed in the PI3K-Akt signaling pathway, TNF signaling pathway, IL-17 signaling pathway, MAPK signaling pathway and
apoptosis. Each set of molecular docking calculations was run 50 times and repeated 3 times for statistical analysis, with results
showing that the majority of binding energies were less than —5 kcal/mol, indicating successful docking. Specifically, stigmasterol—
TP53 (—9.10 + 0.07 kcal/mol) and diosgenin—TP53 (—8.80 + 0.73 kcal/mol) are the two complexes with the lowest binding energies for
MDs. According to the MDs, the stig-masterol-TP53 and diosgenin-TP53 complex shows ideal conformational stability and interac-
tion energy.

Conclusion: Multiple components of SG may exert therapeutic effects on UC through multiple targets and various signaling
pathways. Novelty of this study lies in linking SG compounds to UC-specific targets and confirming stable docking/MDs interactions
with TP53. However, further validation through in vivo and in vitro experiments is required to provide reliable evidence for clinical
application.
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Introduction

Ulcerative colitis (UC) and Crohn’s disease are the two main forms of inflammatory bowel disease (IBD).! Unlike
Crohn’s disease, UC, a chronic inflammatory disease of the intestinal mucosa, has few complications and can be cured by
colectomy.® Although the pathophysiology of UC needs to be further explored, current studies have shown that it is
mainly related to epithelial barrier, commensal microflora, antigen recognition, dysregulation of immunological
responses and leucocyte recruitment.' In recent years, treatment goals for UC have evolved to optimize patient quality
of life, including maintenance of steroid-free remission, prevention of hospitalization and surgery, mucosal healing, and
avoidance of disability.> And treatment for UC consists mainly of mesalazine, corticosteroids, immunosuppressive drugs
and biological agents.*
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Graphical Abstract

The Tp53 protein, acting as a transcription factor, is involved in DNA repair, cellular senescence, cell cycle regulation,
autophagy and apoptosis.” TP53 gene is a key factor in the development of cancer and is regarded as the most important
tumor suppressor gene. However, mutations in the TP53 gene are the most common mutations found in dysplastic lesions
and cancers associated with IBD.® Compared with the normal control group or sporadic colorectal cancer, TP53 exhibits
strong and uniform expression in the nuclei of inflammatory colorectal cancer cells, and its expression levels increase with
the intensity of inflammation.” Akt1 is a subfamily of the AGC protein serine/threonine kinase family and plays a crucial role
in cell growth, metabolic regulation, cancer, and other diseases.® Akt may be involved in UC by regulating inflammatory
responses, cell proliferation, autophagy, and oxidative stress. AKT1 plays a role in autophagy and its regulatory mechanisms,
contributes to the maintenance and repair of intestinal homeostasis, and supports intestinal barrier function during cellular
stress by regulating tight junctions and preventing cell death.” Besides, Aktl plays a crucial role in acute inflammation,
primarily by regulating vascular permeability, thereby leading to oedema and leukocyte extravasation.'® Thus, we hypothe-
size that TP53 and AKT1 play a particularly important role in the pathophysiology of UC.

Traditional Chinese Medicine (TCM) has unique medical theory and rich practical experience. There is a great variety
of Chinese materia medica, including plants, animal parts and minerals. Among these materials, flowers, herbs and plants
are the ones most frequently used that is why Chinese materia medica is called Chinese medicinal herbs. Smilax glabra
Roxb. (SG), Chinese name Tufuling, is the dried rhizome of Liliaceae plant. The plant name has been verified with
MPNS (http://mpns.kew.org). SG was first recorded in Ben Cao Jing Ji Zhu during the Southern and Northern Dynasties

(420-589 AD) by Tao Hongjing.'' Its’ effects were anti-infective,'>'? removing rheumatism, facilitating urination,
stopping diarrhea, and treating muscles and bones. And it is also used to treat syphilitic poisoned sores, hypertonicity of
the limbs, morbid leucorrhea, eczema pruritus, heat-induced strangury, carbuncle toxins, and many other conditions
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Figure | Framework diagram of this study.

(Editorial Committee of Zhong Hua Ben Cao, 1999).'* Moreover, Professor Shen often uses SG to protect against UC by
oral or enema administration in clinical practice. Surprisingly, SG can obviously relieve UC patients’ abdominal pain and
diarrhea.

Chinese herbs have the features of complex chemical composition, multi-target and multi-pathway. Network pharmacology
pays attention to the integrity, systematization and interaction, so it is often used to investigate the mechanism of action of
TCM."® Network pharmacology provides new ideas for the discovery and research of new drugs mainly by predicting drug
components, therapeutic targets and potential mechanisms. Molecular docking is based on the results of network pharmacology
to verify whether the ligand and receptor can bind and the binding energy value. Additionally, molecular dynamics simulation
(MDs) can provide a detailed situation of the internal motion of biological macromolecules such as proteins and nucleic acids
over time, that is, information such as structural fluctuations and conformational changes of proteins or macromolecules can be
obtained from the microscopic level.'®

Although SG is believed to be promising to treat UC, there is currently a lack of research into the mechanisms of SG
for treating UC. Therefore, we designed this study to investigate the potential mechanisms underlying SG therapy for

ulcerative colitis (Figure 1).

Material and Methods

Identification of Active Compounds and Gene Targets of SG
Using Chinese name “Tufuling”, We employed the TCMSP (https://old.tcmsp-e.com/tcmsp.php) to search for the active

components of SG, followed by screening the ideal components based on OB > 30% and DL > 0.18.'” The corresponding
targets of the active components were then obtained by MOLID. The human gene names were obtained from the Uniprot
database (https://www.uniprot.org/)'® and then targets of SG were matched with the human gene name via VLOOKUP

function. The gene names of unmatched targets were searched in Uniprot (https://www.uniprot.org/) and Drugbank
(https://go.drugbank.com/) databases.
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Establishment of “Ingredient-Target” Network

After conducting the node and edge files, the data were entered into cytoscape3.9.1 to construct a “Ingredient-Target”
network.'® And made an adjustment of color, shape, size, and transparency based on degree value (the number of gene
connections) for further visualization.

Acquisition of UC Targets
With “ulcerative colitis” as the key word, disease targets were predicted in OMIM (h‘[tps://omim.org/),20 TTD (http://db.
idrblab.net/ttd/),*! Drugbank (https://go.drugbank.com/) and Genecard (https://www.genecards.org/).> Subsequently, the

targets of above databases were intersected through Venny software (https://bioinfogp.cnb.csic.es/). After removing

duplicate items of disease targets, the intersection targets of the active compounds from SG and UC disease targets were
obtained, which could act as potential targets against UC.

Construction of Protein-Protein Interaction Network
After uploading drug and disease overlapping targets to STRING 11.5 (https://cn.string-db.org/), “species” was limited to

“Homo sapiens” and interaction score was set as greater than 0.4.>* The result was further visualized using Cytoscope.
Besides, pivotal targets of SG in the treatment of UC were screened according to degree value.

Enrichment Analysis of GO Function and KEGG Pathway

GO enrichment analysis was used to standardize the description of gene products from CC, MF and BP. KEGG is
functional enrichment, and multiple genes may be significantly concentrated on which functions. Data were processed
and imported into Metascape (https://metascape.org/) for GO and KEGG enrichment analysis. Subsequently, every top 20

terms in BP, CC, and MF and top 25 pathways in KEGG were uploaded to the Bioinformatics platform (http:/www.
bioinformatics.com.cn/) for visual analysis.**

Performance of Molecular Docking
Perform molecular docking based on network pharmacology data to evaluate the binding energies of the top 5
components with the target respectively. Obtain protein PDB files from the PDB database (https://www.rcsb.org/),

remove water and solvent from the proteins using PyMol software, add hydrogen atoms using AutoDock4, set the
proteins as receptors, and save them in PDBQT format. Acquire component MOL2 files from TCMSP, add hydrogen
atoms to the compounds in AutoDock4, designate them as ligands, automatically configure the torsion tree, and save
them in PDBQT format. Perform docking between the receptor PDBQT file and the ligand PDBQT file through
AutoDock4, adjusting the Grid Box size to cover the active site. Set the molecular docking parameters, run genetic
algorithm 50 times,”® and select the result with the lowest binding energy for visualization using PyMol. It is commonly
held that binding energies of less than —4.25 kcal/mol, —5.0 kcal/mol or —7.0 kcal/mol indicate certain, good or strong
binding affinity between the ligand and the receptor, respectively.”®*” The molecular docking experiments were repeated
three times, with the lowest binding energy from each result selected for statistical analysis. The results are presented as
the Mean + SD.

Verification of Molecular Dynamics Simulation
This study employed the GROMACS 2022.3 software to perform molecular dynamics simulations.*® For small-molecule
pre-processing, AmberTools 22 is used to add the GAFF force field to the small molecules, alongside employing
Gaussian 16W to perform hydrogenation and calculate RESP charges. The charge data is then incorporated into the
molecular dynamics system’s topology file. The simulations were conducted at a static temperature of 300 K and
standard atmospheric pressure (1 bar). The force field adopted the Amber99sb-ILDN model, with water molecules
(TIP3P water model) used as the solvent; an appropriate number of Na" ions were added to neutralize the total charge of
the simulated system.

The molecular dynamics simulation system first employed the steepest descent method for energy minimization,
subsequently performing 100,000 steps of both NVT (Constant Volume and Temperature) and NPT (Constant

4 https: Clinical and Experimental Gastroenterology 2026:19


https://omim.org/
http://db.idrblab.net/ttd/
http://db.idrblab.net/ttd/
https://go.drugbank.com/
https://www.genecards.org/
https://bioinfogp.cnb.csic.es/
https://cn.string-db.org/
https://metascape.org/
http://www.bioinformatics.com.cn/
http://www.bioinformatics.com.cn/
https://www.rcsb.org/

Cui et al

Temperature and Pressure) ensemble equilibrations, with a coupling constant of 0.1 ps and a duration of 100 ps. Finally,
a free molecular dynamics simulation was run, comprising 5,000,000 steps with a step size of 2 fs, resulting in a total
duration of 100 ns. After completing the simulation, the software’s built-in tools were used to analyse the trajectories,
calculating the root-mean-square deviation (RMSD), root-mean-square fluctuation (RMSF) and radius of gyration (Rg)

for each amino acid’s motion trajectory, in conjunction with data such as the free energy.

Results
Active Compounds and Gene Targets of SG

A total of 74 compounds were shown in the Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP), among which 15 ingredients satisfied the oral bioavailability (OB) > 30% and drug-likeness (DL) >
0.18 (Table 1 and Supplementary Table 1). The respective protein targets were subsequently searched in the TCMSP

database based on the MOLID of the 15 components, followed by transformation into gene symbol for normalization
through UniProt database. The elimination of duplicated genes of 15 components resulted in 191 final gene targets
(Supplementary Table 2).

“Ingredient-Target” Network

To clearly illustrate the relationship between 15 active ingredients and 191 potential targets in SG, a “Ingredient-Target”
network was built, consisting of 206 nodes and 283 edges (Figure 2A). The node with more edges in the network has
higher degree value, and the larger the size of the node, the greater the meaning. The top 5 compound nodes with the
largest size of degree were quercetin (MOL000098), beta-sitosterol (MOLO000358), naringenin (MOL004328),

Stigmasterol (MOL000449), and diosgenin (MOLO000546). The data was shown in Table 2.

Available Targets for UC

With “ulcerative colitis” as key word, 1552 disease targets acquired from GeneCards, OMIM, Drugbank and TTD
databases after screening (Figure 2B). Ultimately, 1303 disease targets without duplication were identified. Upload 191
active compound-related targets and 1303 UC-related targets into Venny 2.1.0 website for the purpose of retaining 101
overlapping targets as candidate targets (Figure 2C).

Table | |5 Active Ingredients of Smilax glabra Roxb

Mol ID Molecule Name Molecule Weight | Pubchem Cid | OB (%) | DL
MOL000098 | Quercetin 302.25 5,280,343 46.43 0.28
MOLO000358 | Beta-sitosterol 414.79 222,284 3691 0.75
MOLO004328 | Naringenin 27227 439,246 59.29 0.21
MOL000449 | Stigmasterol 412.77 5,280,794 43.83 0.76
MOL000546 | Diosgenin 414.69 99,474 80.88 0.8l
MOL004576 | Taxifolin 304.37 439,533 57.84 0.27
MOLOI3117 | 4,7-Dihydroxy-5-methoxyl-6-methyl-8-formyl-flavan 314.36 129,394 37.03 0.28
MOL004580 | Cis-Dihydroquercetin 304.27 443,758 66.44 0.27
MOLOI3129 | (2R,3R)-2-(3,5-dihydroxyphenyl)-3,5,7-trihydroxychroman-4-one | 304.27 5,320,468 63.17 0.27
MOLO001736 | (-)-taxifolin 304.27 712,613 60.51 0.27
MOLO000359 | Sitosterol 414.79 12,303,645 3691 0.75
MOLO004575 | Astilbin 450.43 119,258 36.46 0.74
MOLOI3118 | Neoastilbin 450.43 442,437 40.54 0.74
MOLOI3119 | Enhydrin 464.51 5,281,441 40.56 0.74
MOL004567 | Isoengelitin 434.43 12,309,470 34.65 0.7
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Figure 2 Potential targets of SG against UC. (A) Ingredient-Target network of SG. Green V indicates ingredients. Orange octagons show target. The color and size of the

nodes reflect the degree value. Grey lines indicate the interrelationships between compounds and targets. (B) Distribution of UC targets in OMIM, TTD, Drugbank, and
Genecard. (C) Distribution of SG targets and UC targets.
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Table 2 Top 5 Ingredients of Smilax glabra Roxb

Molecule Name | Structure Degree | Betweenness Centrality | Closeness Centrality
Quercetin 141 0.83 0.63
gt
L
@I
1/ o
Beta-sitosterol 35 0.14 0.38

Naringenin 30 0.17 0.37

Stigmasterol 29 0.13 0.37

N\

s

u’[\/ N

Diosgenin 14 0.04 0.36

Protein-Protein Interaction

The 101 candidate targets were imported into STRING 11.5 to construct a PPI network, comprising 101 nodes and 2108
edges (Figure 3A). The data were imported into Cytoscape 3.9.1 for a visual PPI network, which also included 101 nodes
and 2108 edges (Figure 3B). The top 20 targets, in the light of degree value, were selected to build core targets network
map (Figure 3C). As shown, correlation is proportional to node size and color depth. The top 5 targets are AKT1, IL-6,
TNEF, TP53, IL-1B, which may be considered as key targets in the anti-UC pharmacological mechanism of SG (Table 3).
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ADRA2A

Figure 3 Protein-protein interaction. (A) The interactive PPl network obtained from STRING database with the minimum required interaction score set to 0.97. (B) PPI
network imported from STRING database to Cytoscape 3.9.1. (C) PPl network of more significant proteins extracted from (b) by degree value.
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Table 3 Top 5 Targets Information of PPl Network

Name | Structure Degree | Betweenness Centrality | Closeness Centrality
AKTI 87 0.037 0.88

o

i1,

IL-6 ) 85 0.04 0.87

TNF-a 84 0.03 0.85
TP53 83 0.03 0.85
IL-1B 82 0.03 0.85

GO and KEGG Pathway Enrichment Analysis

The 101 SG-UC targets were imported into the Metascape and GO functional enrichment analysis was carried out on the
targets of active compounds in the treatment of UC from the perspective of cellular component (CC), molecular function
(MF) and biological process (BP). We obtained 1727 statistically significant GO items in total, including 1546 for BP, 50
for CC, and 131 for MF. The top 20 BP, CC and MF were visualized in a bar graph (Figure 4A). The significantly
enriched BP terms associated with targets of SG were “response to inorganic substance”, “response to oxidative stress”,
“response to reactive oxygen species”. CC was concerned with “membrane raft”, “membrane microdomain” and
“caveola” and MF was related with “cytokine receptor binding”, “cytokine activity” and “signaling receptor activator
activity”. Besides, 178 pathways were obtained by KEGG enrichment analysis, of which the top 25 pathways were
presented in the form of bubble plots according to with the highest gene counts (Figure 4B). Among them, PI3K—Akt
signaling pathway (associated with 24 genes), TNF signaling pathway (associated with 23 genes), IL-17 signaling
pathway (associated with 21 genes), MAPK signaling pathway (associated with 21 genes) and apoptosis (associated with
19 genes) are closely related to UC (Figure 4C). Finally, we constructed a component-target-pathway network with 231

nodes and 871 edges to illustrate their relationships (Figure 4D).
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Figure 4 GO and KEGG Pathway Enrichment Analysis (A) GO enrichment analysis for 101 key targets. (B) KEGG enrichment analysis for 101 key targets. (C) Gene
ontology of the 5 pathways in SG against UC. (D) Component-Target-Pathway network. Red V represents component. Yellow octagon shows target. Orange diamond
represents pathway. The color and size of the nodes reflect the degree value. Grey lines indicate the interrelationships between compounds and targets.

Molecular Docking

Combined with the network pharmacology results, the top 5 components, quercetin (MOL000098), beta-sitosterol
(MOLO000358), naringenin (MOL004328), Stigmasterol (MOL000449), diosgenin (MOL000546), and top 5 protein
targets, AKT1 (PDB ID: IUNQ), IL-6 (PDB ID: IALU), TNF (PDB ID: 1A8M), TP53 (PDB ID: 7DHZ), IL-1p (PDB
ID: 3LTQ), were docked separately. Each set of molecular docking run was performed 50 times, repeated three times,
making a total of 150 runs; the sample size is sufficient, and the results are statistically significant. Binding energy results
are presented as Mean + SD in Table 4, suggesting a lower score indicated a stabler binding state. The visualization of the
top 5 protein-component complexes with the smallest binding energies is displayed in Figure SA—E. The other 20
molecular docking data are displayed in Supplementary Figure 1. Stigmasterol can interact with ASN-247 through one
hydrogen bond in TP53. The structure of diosgenin could form one hydrogen bond with SER-240 with TP53. The
stigmasterol-AKT1 complex was stabilized by one hydrogen bond with GLU-91 and two hydrogen bonds with GLU-95.

Table 4 The Docking Scores (kcal/Mol) of the Active Compounds and Key Targets

ID MOL000098 | MOL000358 | MOL004328 | MOL000449 | MOL000546

Target | Quercetin Beta-sitosterol | Naringenin Stigmasterol Diosgenin

AKTI | 625+ 032 | —7.22 £ 0.63 —6.17 £0.04 | —738+0.72 | —7.95 +0.06
IL6 —6.24 £ 044 | —7.21 £ 0.01 —6.18£0.03 | —-745+026 | —7.89 +0.I5
TNF —7.19 £24 —6.38 £ 0.71 —722 %178 | —6.97 £0.74 | —7.40 + 0.04

TP53 | =773 £1.29 | —7.18 £ 1.29 —-748 = 1.10 | —9.10 £0.07 | —8.80 £0.73
ILIB —6.44 + 149 | —6.98 £ 0.69 653+ 1.19 | =713 £059 | —7.49 £0.87
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Figure 5 Molecular docking (A) Stigmasterol with TP53; (B) Diosgenin with TP53; (C) Stigmasterol with Aktl. (D) Diosgenin with Aktl (E) Betasitosterol with Aktl. The
hydrogen bonds were indicated by dashed lines and the length was added around the lines.

Diosgenin forms one hydrogen bond with GLU-49 in AKT1. Beta-sitosterol interacts with GLU-9 and LYS-8 through
one hydrogen bond in AKTI.

Molecular Dynamics Simulation

We selected the top 2 compound—target dockings (stigmasterol-TP53 and diosgenin—TP53) to conduct the molecular
dynamics simulations. After 100 ns of MDs, the dynamic evolutions of the stigmasterol-TP53 and diosgenin—-TP53
complexes could be analyzed. The RMSD, an indicator of protein structural changes, was calculated for stigmasterol—
TP53 and diosgenin—TP53. Although RMSD has certain fluctuations in the early stage, stigmasterol-TP53 stabilized after
20 ns while diosgenin-TP53 stabilized after 50 ns (Figure 6A and B). And RMSD of stigmasterol-TP53 was smaller than
that of diosgenin-TP53, indicating that stigmasterol-TP53 was more stable This indicates that after the small molecule
ligand is combined with the protein, the conformation of the protein will not change significantly, and the combination of
the two is relatively stable.

In addition, RMSF is often used to assess protein dynamics. The results show that the RMSF of the protein is small in
the bound part, but becomes large in the unbound part, manifesting that the binding of small molecules has some effect
on the stability of the protein. The RMSF values of residue numbers 20-90 in the TP53 upon binding of diosgenin
showed larger flexibility than the same regions in TP53 bound with stigmasterol (Figure 6C and D).

The Rg can represent the tightness of the protein structure. Diosgenin-TP53 and stigmasterol-TP53 have stable
gyration radii (Figure 6E and F). This result is consistent with the RMSD result, meaning that the protein conformation is
stable and is compactly folded. Furthermore, the binding of small molecules does not affect protein stability.

The solvent-accessible surface area (SASA) is often used to assess protein surface area. It was observed that the
SASA fluctuation patterns of the diosgenin-TP53 and stigmasterol-TP53 systems were consistent throughout the
simulation time (Figure 6G and H). HBond is an index for evaluating hydrogen bonds between proteins and small
molecules. Hydrogen bonding and hydrophobic interaction play an important role in the preservation of protein
conformation. The interaction binding sites of the diosgenin—TP53 and stigmasterol-TP53 formed hydrophilic environ-
ments with strong hydrophilicity, while the hydrogen bonds formed could help to maintain their stabilities (Figure 61
and J).
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Table 5 Binding Energies of the Two Systems. Energy Values are Provided as kcal/Mol

Complex AVDWAALS | AEEL AGGAS AGSOLV ATOTAL

Stigmasterol-TP53 | —55.22 + 1.45 | —12.89 + 1.89 | —68.11 + 2.38 | 37.29 + 0.08 —30.82 + 2.38
Diosgenin—TP53 —6423 +1.05 | -7.04 £ 074 | —7127 £1.29 | 5299 £ 0.59 | —18.28 + 142

Abbreviations: AVDWAALS: vander Waals energy; AEEL: electrostatic energy; AGGAS: gas-phase free energy; AGSOLV:
solvation free energy; ATOTAL: total binding free energy.

Moreover, more hydrogen bonds formed between the diosgenin—TP53 than between the Stigmasterol-TP53 during
the 100 ns simulations. To judge whether the binding between proteins and small molecules is reasonable, we also need
to evaluate some other indicators. One of the most commonly used indicators is Molecular mechanics Poisson—
Boltzmann surface area (MMPBSA) analysis. By calculating the energy between the protein and the small molecule,
we can obtain the total free energy of two complexes, and thus judge whether the binding between the protein and the
small molecule is stable An energy convergence analysis was performed on 100 snapshots of the 100 ns simulations of
each complex. Binding free energy is listed as Mean = SD in Table 5. Taking the above results together, we can conclude
that the interaction between proteins and small molecules is stable, and the binding of small molecules makes the protein
molecules more compact, the surface area is reduced, and many hydrogen bonds are formed between proteins and small
molecules.

Discussion

According to TCM theory, dampness-heat is an important factor in the occurrence and development of UC. Therefore,
herbs for clearing heat and removing dampness are used to treat UC, and SG is one of the representative herbs. In recent
years, there has been an increasing number of studies on the active ingredients of SG, and studies have shown that

29,30

flavonoids, phenolic and phenolic aids,'" stilbene and organic acids®' and phenylpropanoid are the most extensively

studied bioactive components and are considered essential active components. Pharmacological studies have proven that

32,33 3435 antioxidant.>® Moreover, the role of SG in

SG have a variety of effects, including anti-cancer, anti-inflammatory,
the treatment of various diseases has also been intensively studied. SG may protect against pathological cardiac
hypertrophy via negative regulation of the Raf/MEK/ERK pathway.’’ SG inhibited collagen induced adhesion and
migration of PC3 and LNCaP prostate cancer cells through the inhibition of Beta 1 integrin expression.*® Ethyl acetate in
SG played an anti-tumor role by inhibiting the activation of the HIF-1 signaling pathway and response by resetting
tumor-associated macrophages toward the M1 phenotype.*’

Given the paucity of study on the treatment of UC with SG, the possible mechanism of SG against UC was revealed
using comprehensive network pharmacology and further verified by molecular docking and MDs. The 15 active
compounds, 191 targets associated with compounds were identified. The top 5 compounds were quercetin
(MOLO000098), beta-sitosterol (MOL000358), naringenin (MOL004328), Stigmasterol (MOL000449), and diosgenin
(MOLO000546). A total of 101 overlapping targets were obtained after matching 191 component-related targets with
1303 disease-related targets. These results confirmed that Chinese herbal medicine exerts its anti-UC effect through
multiple components and targets.

The PPI analysis of the 101 targets shows that the top 10 central targets, including AKT1, IL-6, TNF, TP53, IL-1p,
PTGS2, VEGFA, JUN, CASP3 and HIF1A, may be the key targets of the treatment of UC. Therefore, the top 5
components and top 5 targets were selected for molecular docking separately. The binding energy of molecular docking
indicated that the active ingredient and protein target were bound stably. To further explore the anti-UC effect of SG in
depth, GO and KEGG analyses were performed. GO results showed that the target genes of BP were mainly enriched in
reactive oxygen species and oxidative stress. Oxygen metabolism necessary for mammalian cell survival generates
reactive oxygen species.*® Oxidative Stress refers to a state of imbalance between oxidation and antioxidation in the
body, which tends to oxidation, leading to inflammatory infiltration of neutrophils, increased secretion of protease, and
production of a large number of oxidative intermediates.*' Existing studies have shown that oxidative stress can
participate in multiple levels of function and promote IBD.**** In other aspects, MF mainly involves cytokine receptor
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binding and cytokine activity. The PI3K—Akt signaling pathway has a significant effect on UC. Studies have shown that
the glucose-dependent anti-inflammatory properties of mesenchymal stem/stromal cells conferred by inflammatory
factors are mediated by PI3K-AKT signaling pathway.** As TNF and IL17 are classical inflammatory pathways in
UC, we will not repeat them. MAPK pathway also is closely associated with inflammatory response and generally
activated by Toll-like receptors.*> SG could alleviate psoriasis-like dermatitis by reducing the expression of cytokines
and chemokines mediated by the MAPK pathway, and improved amino acid and carnitine metabolism in vivo.*
Apoptosis is essential for the development and maintenance of cellular homeostasis. Intestinal epithelial cells derived
from crypt floor stem cells have a lifespan of less than a week, and they often die on the luminal surface due to
apoptosis.*” Therefore, the relationship between UC and apoptosis has been studied, such as the demonstration that
3-mercaptopyruvate sulfurtransferase may protect the intestines from inflammation most likely by regulating the AKT/
apoptosis axis in intestinal epithelial cells.*® These findings could support our KEGG pathway enrichment analysis.

The results of 25 molecular docking showed that the top 5 components and targets could dock. We selected the 2
complexes, Stigmasterol-TP53 and diosgenin—TP53, with the lowest binding energy for MDs. MMPBSA is generally
considered to offer greater computational accuracy, making the prediction of binding free energy using the MMPBSA
method theoretically more rigorous. The results of MDs show the binding free energy value of stigmasterol-TP53
(—30.82 £ 2.38 kcal/mol) and diosgenin—-TP53 (—18.28 + 1.42 kcal/mol) are significantly more meaningful than the
affinities acquired from AutoDock4. Based on the results of the computational experiments, we hypothesize that TP53
may be the most promising target for SG therapy in UC. There have been some studies to date exploring the relationship
between UC and TP53. In non-cancerous IBD samples, TP53 was observed to be expressed in a focal or diffuse pattern
in 81.8% of samples, with a higher proportion of TP53-positive cells in samples exhibiting the most severe
inflammation.” A study has shown that Tp53 is present in the nuclei of almost all cells in regenerating crypts of UC
mice, whereas it is almost entirely absent in epithelial cells during homeostasis, suggesting that Tp53 signaling is
activated after colitis-associated injury.*’ During the ongoing regeneration process in Tp53 conditional knockout mice,
abnormalities in epithelial structure and barrier function are observed, manifested by a failure to restore crypt archi-
tecture, reduced mucus secretion, and impaired mucosal barrier function, leading to a vicious cycle of exacerbated
intestinal inflammation.*’ Despite being dispensable for the maintenance of epithelial homeostasis, Tp53 plays a crucial
role in the transition of epithelial cells from the regenerative phase back to homeostasis following colitis-related injury. If
cells lacking Tp53 enter a proliferative state, they are unable to exit that state.*” Their heightened proliferative potential
may prevent the involved epithelium from restoring homeostasis, causing it to remain highly proliferative and exhibit
chronic inflammation and immune infiltration.** The loss of normal signal transduction may lead to progressive
functional dysfunction, chronic colitis, and ultimately carcinogenesis.’® TP53 is the most frequently mutated gene in
human malignancies, 50% of which carry alterations to it.”' Mutations in Tp53 that go along with loss of Tp53 signaling
are observed earlier and more frequently in UC-associated colorectal cancer.”*>* The high proportion of UC-associated
tumors with loss-of-function or dominant-negative mutations of Tp53 combined with a loss of heterozygosity.>*>> These
loss-of-function mutations in Tp53 have been identified as potential drivers of carcinogenesis in UC patients.>
Therefore, patients with chronic IBD may be at increased risk of developing colorectal cancer. Our results suggest
that SG may be a potential treatment for TP53-mutated UC and colorectal cancer associated with UC. It should be noted
that the findings mentioned above are merely preliminary results obtained through bioinformatics analysis and still
require further validation through animal and cell experiments.

Conclusion

This study is the first to investigate the active constituents of SG and possible mechanisms against UC using network
pharmacology and molecular analysis. Novelty of this study lies in linking SG compounds to UC-specific targets and
confirming stable docking/MDs interactions with TP53. However, a limitation of this study lies in the fact that these
results were obtained entirely through computational methods and lack experimental validation. Further in vivo and
in vitro experiments are therefore required to confirm these findings.
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