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Abstract

Background and Objective: Refractory ulcerative colitis has few effective drugs and an unknown etiology. Artesunate, an artemisinin
derivative, may decrease colon inflammation in animal models viaimmunomodulation, although its targets and mechanisms are unclear.
This study predicted artesunate targets, processes and effectiveness in treating ulcerative colitis using network pharmacology, molecular
docking and animal trials. Materials and Methods: Artesunate and ulcerative colitis gene targets were searched in databases. The KEGG
pathway enrichment and gene ontology analysis evaluated possible targets. Artesunate was evaluated in C57 mice with 3% dextran
sodium sulphate-induced ulcerative colitis. Target gene expression was shown by western blotting, Haematoxylin and Eosin (H&E)
staining, RT-PCR and immunohistochemistry. Results: Overall, network pharmacology evaluated 154 artesunate drug targets and 2,104
ulcerative colitis targets. The intersection of these objectives has 29 candidates. These targets controlled apoptosis, p53 and JAK/STAT
signalling. Thefinal validation targets were IL-6 and TP53 using molecular docking studies. In mouse models, artesunate reduced dextran
sodium sulphate-induced weight loss, colon length, disease activity index and pathological scores and increased TP53 and decreased
interleukin-6 expression in ulcerative colitis colon tissues. In the colon, artesunate activated Bax and Caspase-3 and downregulated STAT3
and Bcl-2. Conclusion: Network pharmacology and molecular docking identified artesunate’s ulcerative colitis targets and processes.
Artesunate decreased colon edema and damage in 3% dextran sodium sulphate-treated rats. To induce these effects, TP53 and
interleukin-6 may control apoptosis and inflammation. Current findings might lead to ulcerative colitis medications.
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INTRODUCTION

Ulcerative colitis (UC) is a common refractory disease of
unknown aetiology with a high frequency of relapse. At
present, specific therapeutic drugs for UC are lacking.
Drugs commonly used for the treatment of UC, such as
aminosalicylicacid, glucocorticoids and immunosuppressants,
have various limitations, such as high toxicity and recurrence
after drug withdrawal. Traditional Chinese medicines and
extracts have been used for the treatment of UC with
significant curative effects, low recurrence rate, toxicity and
few side effects, providing a promising alternative to
conventional drugs.

Artesunate (ART), a derivative of artemisinin, is derived
from the traditional Chinese medicinal herb Artemisia
annua L. (Asteraceae). As the preferred antimalarial drug
recommended by the World Health Organization, ART shows
a high efficacy, rapid effect, multiple routes of administration
and low toxicity. Since its discovery, ART has been used to
treat Plasmodium falciparum malaria and rescue cerebral
malaria'. In addition to the antimalarial effect with high
efficiency and low toxicity, ART can promote tumour cell
apoptosis?, protect against inflammation® and contribute to
immune regulation*, among other functions, demonstrating
broad pharmacological effects. The ART can alleviate colonic
inflammation in animal models via immunomodulatory
effects®, however, its targets and mechanisms remain
undetermined.

Continuous advances in systems biology and
bioinformatics have led toincreased interest in the application
of network pharmacology and molecular docking
technologies to the development of new uses of marketed
drugs and research on traditional Chinese medicine®. In this
study, network pharmacology was used to predict the
potential targets of ART in the treatment of UC and molecular
docking technology was used to further screen for the
potential targets involved in the drug-target-disease network
based on binding ability. Finally, animal experiments were
performed to verify the efficacy of ART in the treatment of UC,
validate the accuracy of the screened targets and determine
the molecular mechanisms. By clarifying the molecular
mechanisms underlying the effects of ART, these findings
provide a clear basis for expanding its application in clinical
settings.

MATERIALS AND METHODS

Study area: The experiment was conducted in the First
Affiliated Hospital of Guangzhou University of Chinese
Medicine, China, between June, 2023 and September, 2023.

296

Prediction of ART targets: The ChEMBL database’, Swiss
Target Prediction database?®, Target-Prediction database® and
PharmMapper online server'®were combined in a four-in-one
approach to search for potential targets of the ART drug
monomer. The targets predicted by these methods were then
sorted and imported into the UniProt database'’; the official
name of each gene was corrected after limiting the species to
Homo sapiens. Duplicate targets obtained by the three
prediction methods were removed and the remaining targets
were recorded as potential targets of the ART drug monomer.

Searching for UC targets: The TTD'?2, PHARMGKB'3, OMIM™,
GAD", DiGSeE'®, PALM-IST", PolySearch2'®, COREMINE' and
a GEO chip analysis was used to preliminarily search for UC
targets. Theidentified UC targets were consolidated, duplicate
targets obtained by the three methods were removed and the
disease-related targets for UC were obtained. After the names
of the targets were corrected, target information was recorded
for further analysis.

Construction of a PPl network: The STRING database? was
used to construct protein-protein interaction (PPI) networks of
the ART and UC targets. The intersection of the key targets of
ART and UC was further obtained by the Venny 2.1 online
platform and used to construct a PPl network to screen for
potential targets of ART in the treatment of UC. Then,
Cytoscape?! was used for a visual analysis.

Gene ontology and KEGG pathway enrichmentanalyses: The
GenCLiP database?? was used to complete a gene ontology
(GO) analysis and Kyoto Encyclopaedia of Genes and Genomes
(KEGG) pathway enrichment analysis of the target genes. The
gene names (official gene symbols) of the potential targets of
ART for the treatment of UC were entered into the GenCLiP
database for search retrieval and the GO Analysis and Pathway
Analysis options were used.

Molecular docking analysis of potential targets: The
molecular structure of the ART monomer was obtained from
the DrugBank database?’. The molecular structure of the
protein-ligand complex structure of the target protein was
obtained fromthe PDB database?*. The POCASA1.1% was used
to predict the active site of the target protein. The PyMOL was
further used to remove redundant protein chains, original
ligands, water molecules and small molecules in the obtained
target protein receptor-ligand complex and a pdb format file
of the target receptor protein was generated. The receptor file
was imported into AutoDockTools?®, neutral hydrogenation
was completed, the charge was calculated and the ligand
atomicforce field was defined as AD4 type. The PDBQT format
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file for each target protein receptor was generated and
docked with the ART monomer molecule in the pdbqgt format.
During docking, the grid interval was uniformly set to 0.375 A.
The built-in Lamarckian genetic algorithm (LGA) of AutoDock
4.2.6 was used. The number of runs for each docking setting
was set to 10, the maximum number of evaluations was set to
2,500,000 and default settings were used for other parameters.
After the docking was completed, the binding energies (BE)
were sorted and the conformation with the smallest BE in each
class was used to generate the ligand-protein complexin pdb
files. A visual analysis was performed using PyMOL and
LigPlot?.

Experimental animals: A total of 48 SPF male C57 mice
(6-8 weeks old, 30£3 g) were purchased from Guangdong
Medical Laboratory Animal Center (Foshan, Guangdong) and
raised in the SPF animal laboratory of the Laboratory Animal
Center of the First Affiliated Hospital of Guangzhou University
of Chinese Medicine. The mice were grouped using a random
number table. Anumbered table is composed of ten numbers
from 0 to 90 randomly generated by the computer and each
number has the same probability of appearing in the table.
Grouping is, you need to use this tool to achieve random
allocation. The experimental mice were housed in a rearing
room at 22-24°C, relative humidity of 45%5% and 12 hrs
alternating light/dark conditions. Experiments were started
after 1 week of adaptive feeding with SPF mouse feed
provided by the Guangdong Medical Laboratory Animal
Center.

Ethical consideration: Allanimal experiments were approved
by the Animal Ethics Committee of the First Affiliated Hospital
of Guangzhou University of Chinese Medicine (20231125678).

Model preparation and drug administration: The mice were
randomly divided into four groups (n =12 per group): Control
group (normal control group), dextran sodium sulphate (DSS)
group (model group), SASP group (sulfasalazine drug
administration group) and ART group (artesunate drug
administration group). Following a previously described
method of Nunes et a/%, the mouse model of acute UC was
established using 3% DSS (MW 36000-50000; MP Biomedicals,
Irvine, California, USA, batch number: Q3526). A new 3% DSS
aqueous solution was reconstituted daily and placed in a
mouse drinking bottle for free access for 7 days to induce UC,
except in the control group.

In each experimental group, 3% DSS was administered by
gavage 8 hrs after the initial supply of 3% DSS modelling
solution. The SASP group was treated with 200 mg/kg/day by
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gavage. The ART group was administered 75 mg/kg/day ART
(Shanghai Yuanye Bio-Technology Co., Ltd., batch number:
S16D8W50820) by gavage. The Control and DSS groups
received normal saline by gavage. After continuous modelling
and administration for 7 days in each group, samples were
collected on the 8th day. The mice were sacrificed by cervical
dislocation after fasting for 6 hrs. The complete cecum to
rectum was placed on ice and the adhering adipose tissue on
the intestinal segment was removed. Images were obtained
and the lengths of the colon were recorded. The residual
faeces in the intestinal tube were further washed with normal
saline and the 1 cm intestinal segment at the junction of the
colorectum was taken and immersed in 10% formalin solution
for pathological examination. The remaining intestinal
segments were transported in liquid nitrogen and stored in a
-80°C refrigerator for subsequent testing.

Determination of the disease activity index score: The
percentage of body weight loss, stool viscosity and faecal
occult blood were evaluated daily during the dosing
experiment as per the following previously described
methods??3!, The disease activity index (DAI) was calculated
using the formula:

Weight lossscore+Stool viscosity score+
Faecal occult blood score

3

DAl =

Histological analysis and immunohistochemistry: The colon
tissue was fixed in 4% paraformaldehyde for at least 24 hrs
and paraffin-embedded sections were prepared. Sections
were stained with Haematoxylin-Eosin (H&E) to observe the
pathological changes in the colon tissue. The histological
index (HI) was determined concerning established standards
as the sum of the three scores for the degree of inflammation,
the site of inflammatory invasion and the degree of damage
to the crypt structure®,

The paraffin-embedded sections were dewaxed in xylene
and dehydrated with gradient concentrations of alcohol. After
antigen retrieval with EDTA, the Caspase-3 primary antibody
(Abcam, Cambridge, Massachusetts, USA, product number
GR89068-1) was added dropwise and the secondary antibody
was added dropwise after incubation (4°C overnight). After
DAB staining, dehydration, drying and sealing, the sections
were observed under a microscope. Brown-yellow particlesin
the colon mucosa were defined as positive. Using the semi-
quantitative analysis method, five fields of view were
evaluated from each tissue section and the average 10D value
for Caspase-3 protein expression in the mouse colon mucosa
was detected using ImagePro Plus 6.0.
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Table 1: Primers used for quantitative reverse transcription-polymerase chain reaction assay in this study

Name GenBank accession Sequence (5°-3°) Product length (bp)

B-Actin NM_007393.5 F CATCCGTAAAGACCTCTATGCCAAC 171
R ATGGAGCCACCGATCCACA

IL-6 NM_001314054.1 F GGAGCCCACCAAGAACGATA 100
R TCACCAGCATCAGTCCCAAG

TP53 NM_001127233.1 F GGACCATCCTGGCTGTAGGTAG 144
R CGAGGCTGATATCCGACTGTGA

Bax NM_007527.3 F CAGGATGCGTCCACCAAGAA 102
R CGTGTCCACGTCAGCAATCA

Bcl2 NM_009741.5 F CATTGTCGGGCCCATGAAG 168
R CACCCTGGCCCAATCTAGGA

STAT3 NM_011486.5 F CAGTGACTCAAAGCCACCTCATTC 127
R GGTGGTCAAGGCAAGCAGTTC

IL-6: Interleukin-6, TP-53: Cellular tumour antigen p53, Bax: Apoptosis regulator BAX, Bcl2: Apoptosis regulator Bcl-2 and STAT3: Signal transducer and activator of

transcription 3

Quantitative RT-PCR analysis: The RNAiso Plus and related
reagents (TaKaRa, Kusatsu, Japan) were used to extract total
RNA from the mouse colons. The PrimeScript RT Master Mix
and related reagents were used for two-step reverse
transcription to obtain complementary DNA. The TB Green
Premix Ex Taq Il and related reagents were used for real-time
amplification and fluorescent signals were detected using the
CFX96 Real-Time Polymerase Chain Reaction (PCR) Detection
System. The expression levels of the target mMRNAs interleukin
(IL)-6, TP53, Bax, Bcl-2 and STAT3 were determined (Table 1).
Using B-actin as an internal reference, the 27« method was
used to calculate the relative mRNA expression levels.

Detection of target protein expression in colon tissues by
western blotting: Western blotting was used to validate the
expression of IL-6 and TP53. Total protein was extracted from
colon tissue using RIPA lysis buffer. The protein concentration
was determined using the BCA method. The protein loading
amount was calculated, followed by electrophoresis,
membrane transfer, blocking and incubation with the primary
antibodies for IL-6 (Abcam; Cat. No. GR4284-1) and TP53
(Abcam; Cat. No. GR56494-1) at 4°C overnight. Then, the
membrane was washed and incubated with the secondary
antibody (Boster Bio, Pleasanton, California, USA; Cat. No.:
BA1050). Then the membrane was washed and scanned. A
quantitative analysis of bands was performed using ImageJ.
Optical density values were read. Therelative expression levels
of the target proteins are expressed as the grey value of the
target protein/GAPDH.

Statistical analysis: Plots were generated and data were
analysed using GraphPad Prism 9. After confirming normality
and homogeneity of variances, data were compared by one-
way analysis of variance. When the overall mean of each group
was unequal orincomplete, the Bonferroni method was used
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for pairwise comparisons. The Kruskal-Wallis H test was used
for comparative analysis when the variances were uneven or
when the sample data did not meet the normality
requirements. For unequal distributions, the Nemenyi method
was used for pairwise comparisons. The p<0.05 was the
threshold for significance and p<0.01 indicated a highly
significant difference.

RESULTS

Candidate target identification: The molecular structure of
the ART drug monomer was derived from the DrugBank
database, as shown in Fig. 1a. The flowchart is as follows:
go.drugbank.com/ Click on indications to enter-Select the
disease you need-Get it indirectly through the target of the
drugaction Clickon drug and targets-Click on target-Clickon
details under uniprot id-Select gene name (some may not).
The chemical formula for the ART monomer was C;4H,50s, the
relative molecular weight was 384.425, the melting point was
131-135°C. The structure contained 1 hydrogen bond donor
and 7 hydrogen acceptors, the lipid-water partition coefficient
(logPo/w) was 3.1 and the drug monomer complied with
Lipinski's rule. A total of 154 potential ART targets (Fig. 1b) and
2,104 UC disease targets (Fig. 1¢) were obtained.

PPInetwork construction and preliminary screening of ART
targets in UC: The predicted ART targets were imported into
the STRING database for PPl network construction and
visualisation using Cytoscape (Fig. 2a). A PPI network of the
key targets in UC was obtained following a similar method
(Fig. 2b). After the intersection of ART key targets and UC
targets, 29 common targets were obtained in the population
(Fig. 2c), which were further imported into the STRING
database for PPl network construction. The PPl network of
potential targets of ART acting on UC was shown in Fig. 2d.
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Fig. 1(a-c): Candidate target identification of ART and UC, (a) Chemical structure of ART and (b-c) A total of 154 potential ART

targets and 2,104 UC disease targets were obtained

ART: Artesunate and UC: Ulcerative colitis

Gene ontology and KEGG pathway enrichment analyses: The
GenCLiP database was used to perform a GO analysis of
the 29 ART targets in UC. The analysis results obtained were
shown in Fig. 3a. A total of 31 functional clusters and 96 GO
terms were associated with the 29 targets. The gene
functions included the regulation of the extracellular region,
extracellular exosome, cell proliferation, apoptosis, small
molecule metabolic process and immune system process.

The results obtained by the KEGG pathway enrichment
analysis were summarised in Fig. 3b. A total of 21 of 29 targets
were enriched in 11 pathway clusters and 39 pathways,
including cancer-related signalling pathways, p53 signalling
pathway, WNT signalling pathway and JAK/STAT signalling
pathway.

Information for the potential targets of ART in the
treatment of UC was further integrated with the results of the
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pathway enrichment analysis; after removing redundant
signalling pathways identified in different databases,
Cytoscape was used for the visualisation of an ART drug
monomer-target-pathway network. Figure 3cdisplayed 1 ART
drug monomer, 21 potential targets of ART enriched in
pathways related to UC, 36 signalling pathway nodes and
113 branches.

Molecular docking analysis: In this experiment, 20 key targets
corresponding to candidate ART targets in the PPl network
were selected for validation via molecular docking to observe
the binding activity. The crystalline structures and receptor
information for the 20 targets included in the docking assay
were shown in Fig. 4. The POCASA system was used to predict
the active sites of the 20 protein receptors and information on
the target receptor complexes used for docking was shown in
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Fig. 2(a-d): PPI network construction and preliminary screening of ART targets in UC. Node colour is relative to its degree (the
darker the colour, the greater the degree), (a) ART PPl network, (b) UC PPl network, () Intersection of UC targets and

ART key targets and (d) PPI network of potential targets of ART acting on UC
(a) Comprised of 137 nodes and 462 edges, (b) Comprised of 1423 nodes and 13335 edges, (c) ART shares 29 putative targets with UC, (d) Network
comprised of 22 nodes and 53 edges, ART: Artesunate, PPI: Protein-protein interaction and UC: Ulcerative colitis

Table S1. The ART monomer molecules were docked withthe ~ The ART monomer molecules bound to 19 of the 20 targets
remaining receptors after removing the native ligands of  screened by network pharmacology at the active site of the
the above 20 target proteins. The docking results were protein. The secondary docking results showed that the RMSD
summarised in Table S2 and visualised in Fig. 5 and Fig.S1-20.  values of the 19 receptor-ligand complexes were all less than

300



Int J. Pharmacol, 21 (2): 295-316, 2025

(b)

land alveslus develophent
Land lobule develoy

it
& af plazna henbrane
ol

i
natonical structurs homsestasis
Eissue honeostasi:

etescolivtar Thace

cell surfac

Setarnal side of plosna nenbeans

reiot i on’of bty Huid Levela
Tt
R el
ve reguiation of el deat
Ton of cellular incal ization

o of_tranapor
ve rogulation of mueloid leukocyte differentistion

m?uum o leskocste diffyrentintion
e Tocttatlon of neural preciesir coll prolifaration
okulatien of Innine susten procs

‘apap!
it

i1 death
i of eplthelal cell proireration
e reulation of A binding ption Factor activi

repulstion sl horphogensals of & D Enching trocios
nalti-organtsn pro
Fesponas o sutornal atimulus
positive rogulation of response to stinelus
Fegulation of response to
cellular rosponce’ co"chenizal stinulue:

e

o erganizn repametive o
‘ecracel lular stimulus

kinase hindi
oaine kinase binding
tor Cyrosine inace binding

resyome o In imnn subatance

rcanoni trocan conmoun] netaliolic procoss
swall noloculs notabolic process

WEQRR IR EEROEC IOO =
EEGRRIBEEASEL 300530
xgmnmnmxr’(_%g 232 o
R EERSBBGIESE Huos
5 g
z

0

KEGG_PROSTATE CANCER

KEGG_| EASAL CAl
KEGG_WNT §

BIOCAR

.Av

KEGG HEMAT!

BIOCAR @
BIOCAR' THWAY

EIOCARATHWAV
KEGG_GRAFT .(15;7 DISEASE
B\DCARTATHWAV

BIOCART,

CELL LINEAGE

THWAY,

® @

PATHWAY

E\OCAHTA_@ PATHWAY

KEGG F@HESIDN
KEGG_CYSTEINE "\DNINE METABOLISM

KEGG_ARGININE OLINE METABOLISM

KEGG. FYR‘TAB IS
KEGG_GLYCOL’ ESIS,
SA_G1ANDS O

KEGG_NON SMALL CELL LUNG CANCER

KEGG_SMALI

200
YHATE
TANNLD
£Gdl
TANDD
P 1
BN
NAL1

ETN
Y4937
T91HM
W99
4Ha 1
TUSTHO W
WHS

KEGG_JAK ST/

KEGG_ARGININE AND PROLINE HETREOLISH

KEGG_CYSTETME WD HETHIONTNE METABOLISH———) I—
COLYSTS GLUCONEOGENESTS
5r

_CAi
BERCHRTE NER? PATINAY
TAT SIGNALING PATHMAY
BIWHRTH lua PATHAAY
T VERSUS WOST DISERSE
EEoCARTR ILL7
AT

OF PLATELET PLUG
TION
REACTOME_FLATELET DEGRANULATION

ANCER

KEGE: PAN CANCER
V’(EGG_FA CANCER
KEGG_B{ADDERICANCER
REACTOME | PEGRANULATIDN
REACTOME, FDRN.F PLATELET PLUG
HEACTOMF_ ACTIVATION
REACTOSTASIS

6@.

ING PATHWAY

ING CANCER

KEGG fHRO?@]D LEUKEMIA

Fig.3(a-c): Geneontologyand pathway enrichmentanalyses performed via GenCLiP, (a) GO enrichment analysis of target genes,
(b) Signalling pathway enrichment of target genes and (c) Figure of signalling pathway-based drug targets

301



Int. J. Pharmacol, 21 (2): 295-316, 2025

TP-53

GZMB

MS4A1

VEGFA

CTNNBI

Fig. 4: Key target receptors corresponding to candidate ART targets in the PPl network

ART: Artesunate and PPI: Protein-protein interaction

2.0 A, indicating that the docking results were accurate and
reproducible. By a comparison of the docking results for ART
on the 20 target protein receptors screened via network
pharmacology, the active site could be complexed with the
optimal conformational ligand-receptor complex of the
pocket formed by successful docking. The top 5 target protein
receptors with the lowest BE were AKR1B1, GZMB, TP53, IL-6
and LDHB and ART was likely to form stable interaction with
the active sites of these receptors. Consolidating the network
pharmacology-based screening results and ligand-receptor
complexes obtained by molecular docking (Table 2), TP53
and IL-6 as two targets were selected for further validation
(Fig. 6a-b).

ART  effectively alleviated DSS-induced colonic
inflammation in mice: The C57 mouse model of UC was
successfully prepared by providing animals free access to 3%
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DSS. The mice in the model group differed significantly from
those in the normal control group in terms of changes in body
weight, colon length, DAl and pathological scores. After
administration by intragastric gavage, ART effectively
attenuated the 3% DSS-induced weight loss (Fig. 7a),
shortened colon (Fig. 7b) and increased DAI and HI scores
(Fig. 7c-d), among other disease symptoms and
manifestations.

The H&E staining results of pathological sections (Fig. 7d)
indicated that as compared to corresponding features in
normal mice, the model group (3% DSS) showed more
obvious lesions, including thickening of the intestinal wall,
oedema of the lamina propria, necrosis or absence of colonic
mucosal epithelial cells and infiltration of inflammatory cells
and lymphocytes. Lesions were mainly detected in the mucosa
and submucosa of the, the colonic crypt structure was
destroyed, goblet cells were lost to varying degrees and
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TP-53 VEGFA CTNNBI1 CCND1

MS4A1 LDHB

Fig.5: Schematicillustration of the docking of ART with target proteins and purple meshes in the figure represent the active sites

predicted by POCASA
ART: Artesunate

Table 2: Consolidation of PPl network and molecular docking analysis

Binding energy of optimal Degrees of targets in

Target PDBID docking conformer (kcal/mol) the PPI network
IL6 1ALU -10.74 13
TP53 501A -11.27 10
VEGFA 504E -9.15 10
AKR1B1 50U0 -11.63 4
GZMB 4GAW -11.52 4
MMP2 1RTG -9.37 7
CCND1 2W96 -7.98 9
LDHB 1T2F -10.68 2
LYN 5XY1 -8.61 4
ANXA5 THAK -7.75 8
CTNNB1 3SL9 -7.39 8
ESR1 2R6W -7.16 8
cD2 THNF -8.1 3
GALM 1SNZ -8.49 2
TF 5X5P 9.7 1
RBKS 5BYC -8.42 2
IFNGR1 1FYH -8.73 1
PCNA 6HVO -7.75 3
SRM 2005 -8.54 1
MS4A1 20SL / 2

PP!I: Protein-protein interaction
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Fig.6(a-b): Structuralinteractions of ART and key target receptors, (a) Docking results of ART on TP53 receptor (PDBID:501A) and
(b) Docking results of ART on IL-6 receptor (PDBID:1ALU) and purple meshes in the figure represent the active sites

predicted by POCASA
ART: Artesunate and IL-6: Interleukin-6

inflammatory cell infiltration was observed. In comparison
with the structure in the model group, the colonic mucosal
epithelial cells of mice in the ART group were more complete
and the crypt structure and goblet cell structure were still
partially preserved. These results indicated that the
administration of ART could alleviate colonic tissue damage
induced DSS in mice.

Effect of ART on TP53 and IL-6 expressionin UC: As shown in
Fig. 8, consolidating the mRNA and protein expression in
colon tissues, in comparison with levels in the normal group,
the expression levels of TP53 in the 3% DSS model group were
significantly lower and the expression levels of IL-6 were
significantly higher (Fig. 8a). After treatment with sulfasalazine
and ART, the expression levels of TP53 in the colon tissues of
mice were significantly higher than those in the model group
and the expression levels of IL-6 were significantly lower
(Fig. 8b).

Effect of ART on apoptosis in colon tissues of mice with UC:
The RT-PCR analysis revealed that the levels of Bax mRNA
expression in the model group were significantly less than in
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the normal group (p<0.001) (Fig. 9a). On the other hand, the
levels of STAT3 and Bcl-2 mRNA expression were considerably
greater in the model group compared to the normal group
(p<0.001) (Fig. 9b). The study revealed a substantial decrease
in the expression of Caspase-3 in the colon mucosa of mice in
the UC model group compared to the control group
(p<0.001).

These results suggested that the candidate targets
may contribute to DSS-induced colon tissue damage and
inflammation via the regulation of apoptosis. In comparison
with levels in the model group, ART administration effectively
increased the expression of Bax and Caspase-3 in the colons
of mice and downregulate the expression of STAT3 and Bcl-2
(p<0.001).

DISCUSSION

The beneficial effects of ART in a DSS-induced enteritis
mouse model have been previously demonstrated’;
however, the mechanism underlying these effects remains
unclear. In this study, potential targets of ART in UC were
initially predicted using network pharmacology and molecular
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Fig. 7(a-d): ART effectively alleviated DSS-induced colonic inflammation in mice, (a) Body weight changes, (b) The macroscopic
appearances (left) and length (right) of colon in different groups, (c) Disease activity index score and (d) H&E staining

results of pathological sections (200X magnification) (left) and HI scores (right)
Dataare presented as Mean£SEM (n=12), *p<0.05, **p<0.01, ***p<0.001, ns: No significant differences, ART: Artesunate, DSS: Dextran sodium sulphate,
H&E: Haematoxylin and Eosin, HI: Histological index and SEM: Standard error of the mean
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Fig.8(a-b): Effect of ARTon TP53 and IL-6 expression in UC, (a) Quantitative RT-PCR analysis was used to detect mRNA expression
of IL-6 and TP53 in colon tissues (n = 12). B-actin was used as an internal reference and (b) Protein expression pf levels
of TP53 and IL-6 in colon tissues were detected by western blotting (n = 6). The relative expression levels of TP53 and

IL-6 proteins were quantified using densitometric analysis with GAPDH as internal control
Data are presented as Mean=®SEM, *p<0.05, **p<0.01, ***p<0.001, ns: No significant differences, ART: Artesunate, IL-6: Interleukin-6, RT-PCR:
Reverse-Transcription Polymerase Chain Reaction, GAPDH: Glyceraldehyde 3-Phosphate Dehydrogenase, SEM: Standard error of the mean and

UC: Ulcerative colitis

docking. Targets with an important role in the PPl network
(high-degree value) and good drug binding ability (as
determined via BE) were identified for experimental
verification. These analyses revealed various candidates,
including IL-6, VEGFA, TP53, CCND1, ESR1, ANXAS5 and other
targets. In particular, IL-6 and TP53 were key candidates based
on both the PPl network and molecular docking. Therefore,
these two targets were first selected for validation.

The IL-6 is a pro-inflammatory cytokine produced by
macrophages and secreted in the acute phase of inflammatory
response; it is closely related to the pathogenesis of UC®,
Elevated IL-6 mRNA expression has been found in the serum
and tissue biopsies of patients with UC*. The IL-6 plays an
important role in signal transduction by binding to its soluble
receptor sIL-6R. The IL-6/sIL-6R complex can stimulate the
expression of gp130 on the cell surface, leading to the
activation of signal transducer and activator of transcription-3
(STAT3). The STAT3 is activated and translocated into the
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nucleus, promoting the transcription of target genes and the
production of inflammatory factors®. In addition to the
immune-inflammatory mechanism triggered by IL-6, studies
have shown that STAT3 can induce the expression of the
anti-apoptotic factors Bcl-2 and Bcl-x|, thereby reducing T cell
apoptosis, which in turn leads to T cell aggregation and the
induction of chronic intestinal inflammation.

The TP53 (transcription factor p53) is a target gene that
can regulate or induce cell cycle arrest, apoptosis and
senescence as well as DNA repair and metabolic changes by
acting on various cellular stress responses®’. Studies have
shown that TP53 can control and reduce the production and
upregulation of inflammatory cytokines by initiating related
cellular senescence programs32. Yamanishi et a/> found that
in the synovial tissue of patients with rheumatoid arthritis,
regions with a higher TP53 mutation rate showed higher IL-6
mRNA levels, indicating that cells with reduced expression and
decreased regulatory function due to TP53 mutations will



Int. J. Pharmacol, 21 (2): 295-316, 2025

—~
QD
=

*%

Hokk Kk ns 34
c 1.0 8
a T £
[ o =1
5 X
5 T 8 T
< z
Z 05- —|_ € -
€ 2 14
8 <
(2]
0.0 T T T T 0 T T T T
Control DSS SASP ART Control DSS SASP ART
*kk
8_
Fkk Fkk ns
c
2
3 6
[}
S
B
< 44
> 4
@
1S
N
< 2 o
) ’__r_‘
O T T T T
Control DSS SASP ART
(b) Control DSS SASP+DSS ART+DSS
Yo ;
-'.,';.f e L vl
*kk
*hkk dkk **k
0.020 T~
T
g 0015 A T
(]
8
@ 0010 -
3
©
>
S 0.005 - T
0.000 T T T T
Control DSS SASP ART

Fig. 9(a-d): Effect of ART on apoptosis in colon tissues of mice with UC, (a) mRNA expression of Bax, STAT3 and Bcl-2 in colon
tissues were detected via quantitative RT-PCR analysis (n = 12). B-actin was used as an internal reference and
(b) Immunohistochemical staining images of each group for Caspase-3 (200 X magnification) and average I0D value

for Caspase-3 protein expression in mice’s colon mucosa

Data are presented as Mean®SEM, *p<0.05, **p<0.01, ***p<0.001, ns: No significant differences, ART: Artesunate, RT-PCR: Reverse-Transcription

Polymerase Chain Reaction, SEM: Standard error of the mean and UC: Ulcerative colitis
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aggravate inflammation by upregulating inflammatory factors,
such as IL-6, in adjacent cells. The deletion of TP53 can lead to
the accumulation of damaged intestinal epithelial cellsin mice
and affect the regeneration of epithelial cells, which in turn
leads to the occurrence of local inflammation and increased
mortality in mice*. Clinical studies have shown that the
expression level of TP53 in the peripheral blood of patients
with UC is significantly lower than that in healthy adults*'. In
addition, experiments have shown that ART could have
therapeutic effects in some diseases by targeting TP53%>%3; for
example, ART could increase the expression of p53 at the
protein and mRNA levels in hepatic stellate cells, conferring
anti-hepatic fibrosis effects*.

Current study results revealed the expression of IL-6 was
significantly higher and TP53 was significantly lower in the
model group than in the normal group. The ART effectively
reduced the expression of IL-6 in the colon of mice and
increased the expression of TP53. A GO analysis indicated that
potential targets screened by network pharmacology were
involved in cancer-related pathways, the P53 pathway and
JAK/STAT signalling pathways, demonstrating a clear link to
apoptosis. Many previous studies have shown that apoptosis
is closely related to the pathogenesis of inflammatory bowel
disease®®, accordingly, in this study, expression analyses
focused on apoptosis-related factors Bax, Bcl-2, STAT3 and
Caspase-3 were performed.

The Bax and Bcl-2 are members of the Bcl-2 gene family
and are downstream factors in the p53 signalling pathway.
The Bcl-2 family plays a central role in the apoptosis
pathway*, in which Bcl-2 has inhibitory effects on apoptosis,
while Bax can antagonise the inhibitory effect of Bcl-2 and is
classified as a pro-apoptotic gene. The expression of Bax can
enhance mitochondrial permeability, leading to the release of
cytochrome ¢, which in turn leads to the activation of the
Caspase family,including Caspase-9and Caspase-3, leading to
apoptosis®. Reinecke et a/* found that UC is associated with
an increase in the expression of Bcl-2 in inflammatory cells,
leading to the inhibition of apoptosis in inflammatory cells,
which in turn leads to the infiltration of many inflammatory
cells in the intestinal mucosa of patients with active UC and
the continuous activation of inflammation. Other studies have
shown that the apoptosis of colonic mucosal lymphocytes is
blocked and its cytotoxic effect contributes toinflammationin
UG the inhibition of apoptosis is closely related to the
overexpression of Bcl-2 and the decreased expression of the
downstream factor Caspase-3 in the p53 signalling pathway>'.
These findings indicate that the TP53 gene and its related
apoptosis signalling pathway are closely related to the
pathogenesis of inflammation-immunity and may be an
important target in the pathogenesis of UC. Studies have
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shown that ART can induce apoptosis in HepG2, Huh-7 and
Hep3B liver carcinoma cells via Bax-mediated apoptosis®'2.
In addition, ART can increase the expression of Bax and
Caspase-3 in HCT116 colon cancer cells, reduce the protein
expression levels of Bcl-2 and Bcl-xL and then induce
apoptosis and autophagy>:. These results supported the
therapeutic value of ART in precancerous lesions of UC via the
apoptotic pathway.

Inthis study, Bax mRNA expression in the UCmodel group
was significantly lower than that in the normal group, while
Bcl-2 mRNA expression was significantly higher in the model
group than in the normal group. The expression of Caspase-3
decreased in the colonic mucosa of the mice, suggesting that
Bax/Bcl-2-Caspase-3, an apoptotic signalling process, plays a
key role in DSS-induced colon tissue damage and
inflammation in mice. In addition, the expression of STAT3
mRNA in the model group was significantly increased. In
combination with previous results of Mudter and Neurath?,
these findings suggested that apoptosis accelerated the
intestinal inflammation process in the model group via a
reduction in T cell apoptosis, which in turn led to the
accumulation of T cells and increased intestinal inflammation.
In comparison with levels in the model group, ART can
effectively increase the expression of TP53 and Bax mRNA in
the mouse colon and downregulate the expression of STAT3
and Bcl-2 mRNA, resulting in a decrease in the expression of
the downstream protein Caspase-3, suggesting that ART may
regulate Caspase-3 expression in the colon. This signalling
pathway increased the apoptosis of inflammatory cells,
reduced the cytotoxic effect and ameliorated DSS-induced
colon tissue damage and inflammation in mice.

There are also limitations of this study. First, only two
candidate targets screened via network pharmacology and
molecular docking approaches were evaluated and the
validation of other targets is required. As such, further studies
are needed to explore the specific mechanism by which ART
alleviates UC via the apoptotic pathway.

CONCLUSION

By using network pharmacology and molecular docking,
potential targets and mechanisms of artesunate in the
treatment of ulcerative colitis were identified. Further, /n vivo
experiments showed that artesunate can effectively alleviate
inflammation and injury in the mouse colon after treatment
with 3% dextran sodium sulphate. These effects might be
mediated by TP53 and interleukin-6 and their regulation of
apoptosis and inflammation. Our findings may provide new
insights into the discovery of new drugs for ulcerative colitis
treatment.
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SUPPLEMENTARY DATA

Table S1: Information on the target receptor complexes used for docking

Gene names PDBID Chain ID Number of active site
Interleukin-6 (IL6) 1ALU A 9
Transcription factor p53 (TP53) 501A A 6
Vascular endothelial growth factor A (VEGFA) 504E E 5
Catenin beta-1 (CTNNBT) 35L9 A 8
G1/S-specific cyclin-D1 (CCND1) 2W96 A 4
Estrogen receptor (ESR1) 2R6W A 9
Annexin A5 (ANXAS5) THAK B 14
Human gelatinase A (MMP2) 1RTG A 6
Tyrosine-protein kinase Lyn (LYN) 5XY1 A 6
Aldose reductase (AKR1B1) 50U0 A 8
Granzyme H (GZMB) 4GAW D 7
Proliferating cell nuclear antigen (PCNA) 6HVO A 7
T-cell surface antigen CD2 (CD2) THNF A 9
Aldose 1-epimerase (GALM) 1SNZ A 7
Ribokinase (RBKS) 5BYC A 5
B-lymphocyte antigen CD20 (MS4A1) 20SL P 1
L-lactate dehydrogenase B chain (LDHB) 1T2F B 16
Serotransferrin (TF) 5X5P A 15
Interferon gamma (IFNGR1) 1FYH B 4
Spermidine synthase (SRM) 2005 A 6

Table S2: Docking results of proteins

Binding energy of optimal RMSD values of

Target protein PDB ID Binding at active site docking conformer (kcal/mol) secondary docking A
AKR1B1 50U0 yes -11.63 0.34
GZMB 4GAW yes -11.52 0.34
TP53 501A yes -11.27 0.20
IL6 1ALU yes -10.74 0.37
LDHB 1T2F yes -10.68 0.83
TF 5X5P yes -9.7 1.77
MMP2 1RTG yes -9.37 1.85
VEGFA 504E yes -9.15 0.58
IFNGR1 1FYH yes -8.73 1.82
LYN 5XY1 yes -8.61 0.77
SRM 2005 yes -8.54 1.63
GALM 1SNZ yes -8.49 1.46
RBKS 5BYC yes -8.42 0.36
CD2 THNF yes -8.1 0.60
CCND1 2W96 yes -7.98 1.29
ANXA5 THAK yes -7.75 1.58
PCNA 6HVO yes -7.75 1.30
CTNNB1 35L9 yes -7.39 0.91
ESR1 2R6W yes -7.16 0.80
MS4A1 20SL no / /
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Fig. S4: Docking results of ART monomer molecule and AKR1B1 protein (50U0)
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Fig. $8: Docking results of ART monomer molecule and LYN protein (5XY1)
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Fig. $12: Docking results of ART monomer molecule and CD2 protein (1HNF)
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Fig. S16: Docking results of ART monomer molecule and IFNGR1 protein (1FYH)
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Fig. S20: Docking results of ART monomer molecule and MS4A1 protein (20SL)
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