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Abstract

Background Huangkui Lianchang Decoction (HLD) is a traditional Chinese herbal formula for treating ulcerative
colitis (UC). However, its mechanism of action remains poorly understood. The Study aims to validate the therapeu-
tic effect of HLD on UC and its mechanism by integrating network pharmacology, bioinformatics, and experimental
validation.

Methods UC targets were collected by databases and GSE19101. The active ingredients in HLD were detected

by ultra-performance liquid chromatography-tandem mass spectrometry. PubChem collected targets of active ingre-
dients. Protein—protein interaction (PPI) networks were established with UC-related targets. Gene Ontology and Kyoto
Encyclopedia (KEGG) of Genes and Genomes enrichment were analyzed for the mechanism of HLD treatment of UC
and validated by the signaling pathways of HLD. Effects of HLD on UC were verified using dextran sulfate sodium
(DDS)-induced UC mice experiments.

Results A total of 1883 UC-related targets were obtained from the GSE10191 dataset, 1589 from the database,

and 1313 matching HLD-related targets, for a total of 94 key targets. Combined with PPI, GO, and KEGG network
analyses, the signaling pathways were enriched to obtain IL-17, Toll-like receptor, NF-kB, and tumor necrosis factor
signaling pathways. In animal experiments, HLD improved the inflammatory response of UC and reduced UC-induced
pro-inflammatory factors such as Tumor Necrosis Factor Alpha (TNF-a), interleukin 1 (IL-1(3), and interleukin 6 (IL-6).
HLD suppressed proteins TLR4, MyD88, and NF-kB expression.

Conclusions This study systematically dissected the molecular mechanism of HLD for the treatment of UC using
a network pharmacology approach. Further animal verification experiments revealed that HLD inhibited inflammatory
responses and improved intestinal barrier function through the TLR4/MyD88/NF-kB pathway.
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Background

Ulcerative Colitis (UC) is a group of persistent and
recurrent inflammatory conditions affecting the intes-
tine and is classified as an inflammatory bowel disease
(IBD), along with Crohn’s disease [1, 2]. UC develops in
the innermost mucosal layer of the distal gastrointes-
tinal tract continuously, usually starting in the rectum
and spreading into the colon. The incidence and preva-
lence of UC are increasing globally, including in develop-
ing regions and Asian countries [3, 4]. Despite extensive
research, the etiology of UC is still not fully understood.
UC may be caused by multiple factors, such as excessive
inflammation, genetics, environmental influences, diet,
and gut microbiome imbalances [2]. As the pathogenesis
of UC is not well understood, it is currently incurable.
Common treatments for UC include 5-ASA, steroids,
immunosuppressants, and targeted molecular drugs,
which vary in use depending on the severity and extent
of the disease [2, 5]. These treatments help control the
inflammatory response in the intestine; however, they are
ineffective for a significant proportion of patients and can
also cause serious adverse effects. Therefore, an effective
and safe alternative treatment is required.

An increasing amount of literature supports the effi-
cacy of traditional Chinese herbal medicine in the
treatment of UC, with minimal adverse effects [6—10].
Huangkui Lianchang Decoction (HLD) is a traditional
Chinese medicinal preparation made from a combina-
tion of six herbs. Its concentrated aqueous solution has
been used for many years in the clinical treatment of UC.
HLD has been used on its own to treat mild to moderate
E1 and E2 UC, or as an additional treatment for moder-
ate to severe UC, and has shown good clinical effective-
ness. In a previous clinical observation, HLD enema was
found to be effective in treating distal UC by significantly
improving clinical symptoms, suppressing the inflamma-
tory response, and improving quality of life [11]. Another
retrospective clinical study found that the addition of
HLD enema to the treatment regimen was more effective
in controlling clinical symptoms and promoting mucosal
healing for patients with mild to moderate UC [12]. In
our previous study, we applied HLD to treat a mouse
model of DSS-induced UC and found that HLD reduced
the DAI index and attenuated colonic tissue damage,
possibly through inhibition of the NF-kB pathway for
anti-inflammatory effects [13]. Immediately after that,
we verified that HLD alleviated intestinal inflammation
by inhibiting the NF-kB pathway and autophagy in vivo

and in vitro experiments, but there was no interaction
between the NF-kB pathway and autophagy [14]. The
above results suggest that HLD can exert anti-inflamma-
tory effects via the NF-kB pathway in the DSS-induced
UC mouse model, but the mechanism of the HLD-regu-
lated NF-«B pathway remains unclear.

Traditional herbal medicines are often prepared as
aqueous extracts containing active ingredients that act
on multiple targets [15-17]. HLD contains six herbs and
a complex composition of thousands of active ingredients
in its aqueous extract. In addition to the known NF-kB
and autophagy pathways, other potential targets of HLD
are unknown. By utilizing “compound-protein/gene-
disease” networks, network pharmacology is capable of
uncovering the regulatory principles of small molecules
in a high-throughput manner, which provides significant
advantages for complex system analysis [17]. The com-
bination of network pharmacology, bioinformatics, and
experimental validation has become a useful approach
for identifying targets and mechanisms. Several studies
[16, 17] have utilized network pharmacology approaches
to investigate the mechanisms of Huai Hua San, and
Wumei Wan, respectively, for the treatment of UC. These
investigations suggest that network pharmacology can be
a useful tool for exploring the potential mechanisms of
HLD for UC treatment.

In this study, we used ultra-performance liquid chro-
matography-tandem mass spectrometry (UPLC-MS/MS)
to analyze the active components of HLD in an aqueous
solution. A combination of network pharmacology, bioin-
formatics, and molecular docking was employed to iden-
tify possible targets of HLD for UC treatment. Finally, we
validated the effect of HLD on UC by demonstrating its
ability to alleviate dextran sulfate sodium (DSS)-induced
colitis in UC mice by inhibiting the TLR4/MyD88/NF-«xB
signaling pathway in animal experiments. The findings of
this study provide new scientific evidence for the preven-
tion and treatment of UC with HLD.

Methods

Drugs and reagents

HLD is composed of Abelmoschus manihot (Abelmos-
chus manihot (L.) Medik), Herba Euphorbiae humifusae
(Euphorbia humifusa Willd), Herba Pteridis multifidae
(Pteris multifida Poir), Radix Arnebiae seu Lithospermi
(Arnebia euchroma 1.M. Johnst), Radix Rubiae (Rubia
cordifolia L.), and Galla Chinensis (Rhus chinensis Mill).
The plant name has been checked with http://www.
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worldfloraonline.org. Experimental research on plants
complies with the IUCN Policy Statement on Research
Involving Species at Risk of Extinction and the Conven-
tion on the Trade in Endangered Species of Wild Fauna
and Flora. For this study, the herbs were provided by
Suzhou Tianling Chinese Herbal Medicine Co., Ltd. All
herbs complied with the Chinese Pharmacopoeia or cor-
responding herbal standards. Mesalazine enemas (Vifor
AG Zweigniederlassung Medichemie Ettingen, Swit-
zerland) were purchased from Kangzhe Pharmaceutical
Company (Shenzhen, China). DSS was obtained from
MP Biomedicals, LLC (Solon, OH, USA). ELISA assay
kits for tumor necrosis factor-a (TNF-a), interleukin-10
(IL-10), interleukin-6 (IL-6), and interleukin 1p (IL-
1P) were purchased from Thermo Fisher Scientific (San
Diego, CA, USA). Antibodies against TLR4 and B-actin
were provided by Wuhan Servicebio Technology Co. Ltd.
The anti-MyD88 antibody was provided by ProteinTech
Group Inc. (Chicago, IL, USA) and the anti-NF-kBp65
antibody was purchased from Cell Signaling Technology
(Danvers, MA, USA).

Preparation of HLD extracts

HLD extracts were prepared according to a previously
described method. Briefly, six herbs, Abelmoschus mani-
hot (15 g), Herba Euphorbiae humifusae (15 g), Herba
Pteridis multifidae (15 g), Radix Arnebiae seu Lith-
ospermi (7.5 g), Radix Rubiae (7.5 g), and Galla Chinen-
sis (2.5 g) were soaked for 60 min and boiled twice for
40 min in distilled water equivalent to eight times the
amount of the herb. The extracts were centrifuged at
3000 rpm for 30 min and concentrated to 2.5 g of raw
drug in each milliliter solution. The samples were then
subjected to steam sterilization at 100 °C for 30 min and
stored at 4 °C for further experiments.

Compositional analysis of HLD using UPLC-MS/MS

The active compounds in the HLD extracts were char-
acterized using UPLC-MS/MS (Table 1). Briefly, HLD
extracts were dissolved in methanol, filtered through a
0.22 um microporous membrane, and separated using a
Waters I CLASS UPLC and an Acquity HSS T3 column
(1.8 pm, 2.1x100 mm). The compounds were detected
using an ABSciex 6500 plus QTRAP mass spectrometer
and the mobile phase parameters were set as below at
0.4 mL/min flow rate.

The column temperature was set to 40 °C. The injec-
tion volume was 2.0 pL. Typical mass spectrometry
detection parameters were followed, namely an ion
spray voltage of +5500 V, curtain gas: 35 psi, tempera-
ture: 400 °C, ion source gas 1: 60 psi, and DP:+100 V.
Multiple reaction monitoring (MRM) data acquisition
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Table 1 Table of mobile phase gradient elution in UPLC-MS/MS

analysis

Time Mobile phase A, 0.1% Mobile phase B,
formic acid aqueous 0.1% formic acid
solution acetonitrile

0-0.5 min 98% 2%

0.5-10 min 98-50% 2-50%

10-11 min 50-5% 50-95%

11-13 min 5% 95%

13-13.1 min 5-98% 95-2%

13.1-15min 98% 2%

and processing were performed using Analyst Worksta-
tion software (version 1.6.3, AB SCIEX, MA, USA).

Network pharmacological analysis

Prediction targets of active compounds in HLD

Active compounds identified using UPLC-MS/MS were
screened for oral bioavailability (OB)>30% and drug
similarity (DL) > 0.18 were retained for further studies.
All chemical structures were imported into Swiss Tar-
get Prediction (http://www.swisstargetprediction.ch/),
PubChem (https://www.pubchem.ncbi.nlm.nih.gov/),
and the ITCM database (http://itcm.biotcm.net/) [18]
to predict targets.

Acquisition of UC targets

UC targets were obtained from the Gene Expression
Omnibus (GEO) and public databases and the micro-
array expression profiling dataset GSE10191 was down-
loaded from GEO (http://www.ncbi.nlm.nih.gov/geo/).
The dataset is based on the GPL5760 Affymetrix Gene-
Chip Human Genome U133 Plus 2.0 and contains 23
samples, including eight colon tissue samples from UC
patients, 11 healthy human tissue samples, and four
internal control samples. The R packages (“limma” and
“pheatmap”) were used to analyze GSE10191. Differen-
tially Expressed Gene (DEGs) between normal and UC
tissues were detected according to a criterion-adjusted
P value of P<0.05 and |logic|>1 and visualized using
volcano maps.

Targets associated with UC were retrieved by searching
for the keyword “ulcerative colitis” in the OMIM (https://
omim.org/), GeneCards (https://www.genecards.org/),
and PharmGKB (https://www.pharmgkb.org/) databases,
as well as the TTD (http://db.idrblab.net/ttd/) and the
DisGeNET (https://www.disgenet.org/) platform. All col-
lected disease-related targets were converted into target
IDs in the UniProt database (https://www.uniprot.org/).
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Construction of protein-protein interaction (PPI) networks
Network construction is important for biological func-
tions and processes as it helps understand the molecular
mechanisms of disease and the discovery of novel targets.
The R package (“Venn”) mapped VENN and screened for
overlapping targets between HLD and UC. These over-
lapping targets were submitted to the STRING (https://
string-db.org/) network for PPI analysis with a minimum
required interaction score of>0.9. Subsequently, PPI
results were exported from STRING and imported into
Cytoscape 3.8.2 for network construction and visualiza-
tion. CytoNCA was used to select pivot genes with the
top values of degree centrality (DC), betweenness cen-
trality (BC), and closeness centrality (CC).

GO function and KEGG pathway enrichment analysis

GO and pathway enrichment analyses were performed
using the MetaScape (https://metascape.org) annotation
resource. GO enrichment focused on the biological pro-
cesses, cellular composition, and molecular functions of
the targets. After transferring the HLD-UC gene symbols
to the relevant Entrez IDs, GO enrichment and KEGG
pathway enrichment analyses were performed to further
investigate the identified potential anti-UC drugs. UC
target genes for HLD were analyzed based on R 4.0.2 and
related R packages (“cluster profile, “ggplot2,” “enrich-
plot, “stringi,” “pathview,” “DOSE,” and “org.Hs.eg.db”).
Function and pathways with P<0.05 were considered sta-
tistically significant and were retained.

Construction of chemical-target-pathway network

A chemical-target-pathway network was constructed
using Cytoscape_v3.8.2 (https://www.cytoscape.org/).
“Nodes” were indicated to the active compounds, tar-
gets, and pathways. In addition, “edges” represented the
association between one node and another node. The
degree of association between nodes was analyzed based
on the degree value. After constructing the PPI network,
the pivot point genes were screened. By intersecting the
active ingredient targets of HLD with the disease targets
of UC, we obtained the relevant targets of HLD for the
treatment of UC.

Molecular docking

To assess the plausibility of the target-compound associa-
tion and identify novel therapeutic components, molecu-
lar docking between the core compound and the core
targets was performed. The crystal structures of the core
proteins were downloaded from the Protein Data Bank
(PDB) (http://www.rcsb.org/pdb). Candidate compounds
with two-dimensional structures were downloaded
from the PubChem database (https://pubchem.ncbi.
nlm.nih.gov/). Molecular docking was performed using
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Discovery Studio software (BIOVIA; CA, USA). Libdock
scores > 90 indicated that the ligand had a strong affinity
for the receptor and was more likely to bind. The higher
the score, the more stable the binding between the ligand
and receptor. Meanwhile, the interactions between the
HLD core molecules and the core targets were analyzed,
including electrostatic, hydrogen bonding, hydrophobic,
and van der Waals interactions.

Experimental validation

Experimental animals

Fifty C57BL/6 male mice (grade SPF) weighing 22+2 g
(eight weeks old) were obtained from JOINN Labora-
tories (Suzhou), Inc. (animal quality certificate number:
No0.202239726, animal license number: SCXK (Jiangsu)
2018-0006). The animals were housed in an SPF-grade
animal room in the central laboratory of Suzhou TCM
Hospital affiliated to Nanjing University of Chinese Med-
icine, at a temperature of 22 +2 °C with 60 + 5% humidity.
With seven days of adaptive feeding before experiments.
The animal experimental procedures conformed to ani-
mal ethics requirements and were approved by the
Experimental Animal Ethics Committee of Suzhou TCM
Hospital, under Grant No. 2020 Ethical Animal Approval
002. The study was conducted by Directive 2020/63/
EU to protect the experimental animals. The study fol-
lowed the ARRIVE guidelines 2.0 for design, analysis, and
reporting.

Establishment of mouse ulcerative colitis model

Mice were randomly divided into five groups of 10 mice
each: control group, DSS model group, mesalazine group
(DSS + Mesalazine), low-dose HLD group (DSS+HLD-
L), and high-dose HLD group (DSS+HLD-H). Accord-
ing to related studies [5, 19] and our previous work,
all groups except the normal group were given 2.5%
DSS ad libitum for seven days to replicate the ulcera-
tive colitis model. The success of the model replication
was based on a significant decrease in body weight, a
significant increase in the disease activity index, a sig-
nificant increase in serum inflammatory factor levels,
and a significant shortening of colon length with a large
amount of inflammatory infiltration. All mice were anes-
thetized with isoflurane, an inhalational anesthetic. The
mice in the control group were not specially treated, and
the mice in the DSS group were administered an equal
amount of distilled water enema. The positive drug group
was given 0.82 g/kg Mesalazine daily, the HLD-L group
was given 12.81 g/kg/d HLD enema, and the HLD-H
group was given 25.62 g/kg/d HLD enema for seven con-
secutive days. After the final administration, all mice
fasted without water for 12 h. Blood was collected from
the orbital plexus under anesthesia, centrifuged (4 °C,


https://string-db.org/
https://string-db.org/
https://metascape.org
https://www.cytoscape.org/
http://www.rcsb.org/pdb
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/

He et al. BMC Complementary Medicine and Therapies (2024) 24:280

600 % g, 10 min) to extract the supernatant, and stored at
-80 °C. After blood collection, the mice were euthanized
via inhalation of carbon dioxide in a specific device, and
the colonic tissue was separated. A portion of the tissue
from the distal colon was cut and fixed in a 4% paraform-
aldehyde solution, and the rest of the tissue was stored at
-80 °C for subsequent experiments.

Disease activity index (DAI) scoring

Weight loss, stool consistency, and degree of intestinal
bleeding were recorded daily in mice, and the DAI score
was used to assess disease activity [19]. The DAI=(body
weight loss score+stool consistency score +stool occult
blood score) divided by 3.

Histological assessment of the colon

Colon tissues were fixed with 4% paraformaldehyde solu-
tion, dehydrated using gradient concentrations of etha-
nol and xylene, paraffin-embedded, serially sectioned
at 4 um, dewaxed, subjected to hematoxylin and eosin
(HE) staining according to the manufacturer’s instruc-
tions, and subsequently placed under a microscope and
photographed to observe the degree of inflammatory
infiltration and colonic mucosal damage and to obtain a
histological score [20].

Immunohistochemistry

Paraffin sections of preserved colon tissue were dewaxed
and repaired, 3% hydrogen peroxide was added dropwise,
incubated for 10 min, and then washed three times in
phosphate buffer saline (PBS). Thereafter, TLR4, MyD88,
and NF-kBp65 primary antibodies (1:200) were added in
a dropwise manner after blocking with 5% bovine serum
albumin (BSA). Samples were then incubated overnight
and washed three times in PBS. Next, a secondary anti-
body was added and incubated for 1 h, 3,3’-Diaminoben-
zidine (DAB) solution and hematoxylin was added and
re-stained, dehydrated, and sealed, and the sections were
analyzed using microscopic analysis. Five fields were
selected for each section and analyzed after quantitative
grayscale scanning using an image analysis system. The
expression of TLR4, MyD88, and NF-kBp65, and their
localization in the cytoplasm and nucleus in the colon
tissue sections were detected by immunohistochemistry.

ELISA for detection of cytokine levels in mouse serum

The levels of TNF-a, IL-6, IL-1B, and IL-10 in the
serum were measured according to the manufacturer’s
instructions.
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Detection of TLR4, MyD88, and NF-kB mRNA expression

in mouse colon tissue

The mRNA expressions of TLR4, MyD88, and NF-«xB
in mice colon tissues, which are key genes in the TLR4/
MyD88/NEF-«B signaling pathway, were detected by Real-
time PCR. Total RNA was extracted from intestinal tis-
sues by the TRIzol method. cDNA was synthesized by
reverse transcription. The primers were synthesized by
GenScript Biotech Corporation (Nanjing, China) (Primer
sequences were shown in Table 2). PCR was performed
on an ABI 7500 Fast Real-Time PCR System (Applied
Biosystems, Waltham, MA) in a volume of 10 pL. The
reaction conditions were as follows: denaturation at 95 ‘C
for 10 s. 30 s, denaturation at 95 °C for 5 s, annealing at 60
°C for 31 s, 40 cycles, and amplification at 95 °C for 15 s.
Cycling thresholds (ACq) of the genes were normalized
to the GAPDH and analyzed using the 272" method.
Each experiment was repeated three times.

Detection of TLR4, MyD88, and NF-kBp65 expression in colon
tissues using western blot

Colon tissue nuclear proteins were extracted from fresh
colon tissues, quantified using the bicinchoninic acid
(BCA) kit, and electrophoresed on 10% sodium dode-
cyl sulfate—polyacrylamide gels with 30 pg protein per
well, and then transferred onto Polyvinylidene fluoride
(PVDF) membranes and blocked for 2 h using a 5% skim
milk powder solution. The corresponding primary anti-
body (1:1000) was added and incubated (overnight at
4 °C), and IgG-HRP (1:10,000) was added for 2 h. Pro-
teins were detected via electrochemiluminescence using
the ChemiDoc imaging system (Bio-Rad, CA, USA),
followed by fractional value analysis to calculate the rela-
tive expression levels of individual protein bands.

Statistical processing methods

GraphPad Prism (version 9.0.0, CA, USA) was used to
process the data, and all data were expressed as at least
three replicates as meantstandard deviation (xts).

Table 2 Primer sequence list

Gene name Primer sequence

TLR4 F:CCGCTCTGGCATCATCTTCA
R:CCCACTCGAGGTAGGTGTTTCTG

MyD88 F-TATACCAACCCTTGCACCAAGTC
RTCAGGCTCCAAGTCAGCTCATC

NF-kB FTGACGGGAGGGGAAGAAATC
RTGAACAAACACGGAAGCTGG

GAPDH F:.GGCACAGTCAAGGCTGAGAATG

RATGGTGGTGAAGACGCCAGTA
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Means between multiple groups were analyzed using a
one-way analysis of variance (one-way ANOVA), and
the Student’s ¢-test was used to compare the two groups.
Differences were considered statistically significant at
P<0.05.

Results

Identification of UC targets

The GSE10191 dataset was downloaded from the
GEO database, and differential gene analysis was per-
formed between UC patients and healthy individuals at
|log,FC|>1 and P<0.05. The results are shown in the
volcano and heat maps (Fig. 1 A and B). Finally, 1176
upregulated genes and 707 downregulated genes were
identified in UC tissues compared to those in normal
colon tissues.

Targets of UC-related genes were collected from Gen-
eCards, PharmGKB, Therapeutic Target Database (TTD),
DisgeNets, and Online Mendelian Inheritance in Man
(OMIM) databases, including GeneCards with 1458
genes, 10 genes in PharmGkb, and 52 genes in TTD, with
1458 in DisgeNets and 200 in OMIM using “ulcerative

+ Up regulated(1176) B

Not changed

A + Down regulated(707)
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colitis” as keywords. A total of 1589 relevant UC target
genes were brought to the node after collection (Fig. 1C).

UPLC-MS characterization of the chemical composition

of HLD

The major compounds in HLD extracts were character-
ized using Sciex 6500 plus QTRAP UPLC-MS/MS. Fig-
ure 2A shows the total ion chromatograms (TIC). The
major chemical components with peak areas greater than
7,000 were screened as candidate compounds. Com-
pounds with OB>30% and DL>0.18 were selected and
compared to the candidate compound ADME database,
and a total of 57 compounds were identified and Exacted
peak chromatograms were shown in Fig. 2B. Chemicals
include 31 flavonoids, 7 terpenes, 6 steroids, 3 alka-
loids, 2 lignans, 2 delsprays, 2 quinones, 2 coumarins,
and 2 other compounds. The sample mass spectrometry
data were imported into Skyline software, and the ion
chromatograms of the 57 compounds were extracted,
as shown in Fig. 2B. The chemical compositions were
derived from reported literature data for known chemical
components and based on their mass spectra and frag-
ment ion properties, as shown in Table S1. In total, 1313

-log 10(P-value)

0 2 4 6
log2FC

GeneCards

_— ~_

PharmGKB
Fig. 1 Targets related to UC. A DEGs in UC patients and healthy humans in volcano map; B Heat map of gene expression in UC patients and healthy
humans; C UC-related genes acquired from series databases
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corresponding compound targets were obtained from the
Swiss Target Prediction and PubChem databases.

A total of 1313 HLD-related targets, 1589 UC-related
targets, and 1883 related targets from GSE10191 were
screened for interactions using Venny, and 94 overlap-
ping targets were identified as potential targets for HLD
treatment of UC (Fig. 2C).

PPI network construction

Cross-target genes between UC and HLD were imported
into the STRING database for topological analysis. In
the PPI network constructed using Cytoscape 3.8.2, 138
nodes and 488 edges were identified. The larger the num-
ber of nodes in the PPI network, the darker the color,
indicating more interactions between the node pro-
teins and surrounding proteins (Fig. 3A). The average
DC, BC, CC value of the network was 5.75, 101.6 and
0.36 separately. Based on the topological analysis, six
core targets were further screened:INF-y, IL6, Toll-like
receptor 4 (TLR4), IL1p, intercellular cell adhesion mol-
ecule-1(ICAM-1), CD44 (CD44), and chemokine (C-X-C
pattern) ligand 8 (CXCLS).

GO and KEGG enrichment

To elucidate the function and enrichment pathways
of potential anti-UC genes in HLD, GO, and KEGG
pathway enrichment analyses were performed on 94
overlapping targets based on the MetaScape platform,

including biological process (BP), cellular component
(CC), and molecular function (MF). A total of 3963
statistically significant GO terms were obtained in
this study, including 3528 for BP, 112 for CC, and 323
for MF. Figure 3B shows the top 20 most significantly
enriched terms for BP, CC, and MF. The GO enrich-
ment results showed that the biological processes of
the cross-targets were mainly enriched in the inflam-
matory response, positive regulation of cell motil-
ity, and positive regulation of CC motility. The CC
analysis revealed that the therapeutic targets were
mainly concentrated in the outer membrane side of
the plasma membrane and the receptor complex. The
MFs of the targets were enriched in cytokine activity,
receptor-ligand activity, and cytokine receptor bind-
ing. The results suggest that the effects of HLD in UC
treatment are mainly distributed on the cell membrane
surface and are involved in intercellular signaling and
regulation of cytokine synthesis and secretion.

KEGG pathway analysis was used to explore the func-
tions and signaling pathways of the identified HLD
anti-UC targets. We identified 105 statistically sig-
nificant HLD-UC-related pathways (Fig. 3C), of which
the top 20 pathways with significantly enriched gene
numbers are presented as bubble plots. They mainly
include IL-17, Toll-like receptor, NF-kB, and TNF sign-
aling pathways. These results may provide key pathways
through which HLD counteracts the effects of UC.
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C-P-T network construction

In addition, a C-P-T network with 483 nodes and 3404
edges was constructed to elucidate the interrelationships
among components, targets, and the first 20 pathways
(Fig. 4). Together, these results suggest that HLD acts on
UC through multiple pathways, targets, and a full range
of cooperation.

Molecular docking

Five active components (Quercetin, Wogonin, Shikonin,
Luteolin, and Imperatorin) and six candidate target pro-
teins (IL6, IL-1B, CXCL-8, INF-y, TLR-4, and CD44)
were docked using network analysis. The interaction of
HLD active components with potential UC-related target
genes was identified at the molecular level. The results
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showed that wogonin interacted with IL-6, quercetin the affinity of the receptor for the ligand and the more
interacted with IL1P, and imperatorin interacted with  stable the conformation. These components could bind
TLR-4 were shown in Fig. 5A—C. The imperatorin struc-  well to the active site of the protein target. Among
ture interacted with Phe 138 Trp 162 in m-conjugation, them, IL6 had the lowest docking binding energy with
with Leu 107, Val 150, and Phe 22, 170 in alkyl conjuga-  Quercetin (- 9.0 kcal/mol) and JUN had the highest
tion, and with Gly135, Ala 111 with van der Waals. docking binding energy with nobiletin (- 5.4 kcal/mol),
Binding energy is often used to evaluate the affin-  with an average binding energy of—6.96 kcal/mol, indi-
ity of a component for a protein target. It is generally cating that all five candidate compounds have good or
accepted that a binding energy of less than—7.0 kcal/  even strong molecular docking with each candidate
mol indicates a strong binding activity of the ligand to  protein target. The five representative compounds of
the receptor. The lower the binding energy, the higher = HLD (Quercetin, Wogonin, Shikonin, Luteolin, and
Imperatorin) could bind well to the six core targets of
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Fig. 5 Molecular docking of key chemicals on hub genes of UC. A wogonin interacted with IL-6; B quercetin interacted with IL1(3; C imperatorin
interacted with TLR-4

UC (IL6, IL-1B, CXCL-8, INF-y, TLR-4, and CD44) and
may play a key role in UC treatment.

Experimental validation

HLD ameliorates ulcerative colitis in mice induced by DSS

To investigate the protective effect of HLD on acute UC,
a mouse model of acute UC was established using 2.5%
DSS administered for seven days. Mesalazine was used
as a positive control in this study. The therapeutic effects
of HLD on UC were initially evaluated in terms of two
aspects: body weight changes and DAI scores in mice.
From the third day, the body weight of the DSS-induced
mice showed a significant and sustained decline. From
day five, the DSS model mice exhibited symptoms such
as diarrhea and blood in the stool. The DAI was signifi-
cantly higher in the experimental group than in the con-
trol group. Compared with the DSS group, mice treated
with high doses of HLD and mesalazine showed reduced
weight loss induced by DSS (Fig. 6A and B).

DAI scores were considerably higher in the DSS group
compared to the control group but appeared notably
lower in both mesalazine and HLD-H groups than in the
DSS group (Fig. 6C and D). In conclusion, our results
suggest that HLD produces a protective effect in UC.

Effect of HLD on histopathological changes in the colon

HE staining was used to observe the intestinal histo-
pathological changes in each group of mice. Colonic
tissue appeared normal in structure and without ulcers,
the intestinal glands were normal and well arranged, the
mucosal muscle tissue was normal, and there was no
lymphocyte infiltration in the control group (Fig. 6E).
In the colonic tissue of DSS-treated mice, we observed
severe necrosis and loss of mucosal epithelial cells, dis-
appearance of intestinal glands, and massive infiltration
of lymphocytes into the lamina propria and submucosa.
In the mesalazine and HLD groups, the colonic struc-
ture was generally intact and well-arranged. Lympho-
cyte infiltration in the intrinsic and submucosal layers
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was reduced. In addition, we found that the colonic  HLD inhibits inflammation levels in the serum of UC mice

pathological features gradually reduced with increas-  Since pro-inflammatory factors play an important role in
ing doses of HLD, and high-dose HLD and mesalazine the pathogenesis and progression of UC, we investigated
treatment were superior to the HLD-L group. The Sim-  whether HLD has an anti-inflammatory effect on UC.
plified Geboes Score was performed on HE images, and  Serum inflammatory factors were detected using ELISA.
the results showed that HLD significantly reduced the = DSS notably promoted TNF-a, IL-1f, and IL-6 expres-
Simplified Geboes Score in the DSS-induced UC model  sion in the serum compared with the control group, while

(Fig. 6F). inhibiting the expression of IL-10 (Fig. 7A-D). Compared
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with the DSS group, HLD significantly inhibited TNE-
a, IL-1B, and IL-6 levels and increased the IL-10 levels.
These data suggest that HLD can inhibit the inflamma-
tory response in DSS-induced UC.

HLD ameliorates DSS-induced UC via the TLR4/MyD88/NF-kB
signaling pathway

According to numerous studies and network pharma-
cology analyses, inflammation plays a crucial role in the
pathogenesis and course of UC, and the inflammatory
response may be mediated in part by the TLR4/MyD88/
NF-xB signaling pathway. Therefore, we investigated
whether HLD could inhibit inflammation by regulating
the expression of TLR4, MyD88, and p-NF-«B, and thus,
have a therapeutic effect on UC.

We detected the expression of TLR4 and MyD88 in
colonic tissues using immunohistochemistry. TLR4 and
MyD88 expression levels were elevated in the DSS group
(Fig. 7E-H). HLD decreased TLR4 and MyD88 expression
and inhibited TLR4/MyD88 expression. Based on the
above results, HLD exerts therapeutic effects by inhibit-
ing the TLR4/MyD88 pathway.

Activation of the TLR4/MyD88 pathway can affect
downstream NF-kB expression, thereby promoting
inflammatory responses in UC patients. We investi-
gated the effect of HLD-mediated TLR4/MyD88/NF-«kB
inhibition on the signaling effect using RT-PCR and
western blot. The mRNA results indicated that TLR4,
MyD88, and NF-kB mRNA expression increased signifi-
cantly in UC model while compared with control group.
While treated with HLD, the mRNA expression of TLR4,
MyD88, and NF-«B reduced notably(Fig. 8A-C).

Western blotting results showed that DSS induced a
significant increase in TLR4, MyD88, and p-NF-kB pro-
tein expression in colonic tissues (Fig. 8D-G), suggest-
ing that the TLR4/MyD88/NF-«B signaling pathway was
activated in UC. HLD treatment significantly downregu-
lated TLR4, MyD88, and p-NF-kB protein levels. Simi-
larly, mesalazine downregulated the protein expression
levels of TLR4, MyD88, and p-NF-kB. These results sug-
gest that HLD combats UC, in part, by inhibiting activa-
tion of the TLR4/MyD88/NF-«B signaling pathway.

Discussion

Network pharmacology is a systems biology and bio-
logical network equilibrium approach to understand-
ing drug-organism interactions and guiding new drug
discovery [21, 22]. The holistic and systematic nature of
network pharmacology aligns with the holistic diagnosis
and treatment principles of Traditional Chinese Medi-
cine (TCM), making it a popular approach for the study
of Chinese herbal medicines [18, 23, 24]. Bioinformatics

Page 13 of 17

can provide insight into the potential modes of action
and disease mechanisms at a molecular level [25].

In this study, we used a combination of network phar-
macology, bioinformatics, and molecular docking to
investigate the potential molecular mechanisms under-
lying HLD action in UC treatment. The results showed
that pathways closely related to anti-UC effects of HLD
included IL-17, Toll-like receptor, NF-kB, and TNF sign-
aling pathways. In the PPI networks, IFN-y, IL6, TLR4,
IL1B, ICAM]1, CD44, CXCL-8, CXCL-10, and MMP9 dis-
played the strongest correlation with the anti-UC activity
of HLD.

Immunological studies have confirmed that immune
cells and factors contributing to the pathogenesis of UC
include IL-6, TNF-a, IL-17, IFN-y, IL-21, IL-13, IL-4,
and IL-5 [26]. Currently, the treatment of UC focuses
on targeting TNF-a, IL-12, and IL-23, which are among
the cytokines known to contribute to the pathology of
the disease. Infliximab and adalimumab are therapeutic
agents for severe UC and are targeted inhibitors of TNF-a
[2, 27, 28]. Ustekinumab, an IL-12/IL-23 inhibitor, is an
emerging drug for the treatment of severe UC [2, 28].
The top five target genes and four major signaling path-
ways enriched by HLD for anti-UC treatment have been
found to include traditional pro-inflammatory cytokines,
such as IFN-y, IL-6, and IL-1p, which play crucial roles
in various inflammatory responses. IL-6 is widely recog-
nized as a cytokine associated with inflammation. In the
present study, the ELISA results confirmed that the levels
of IL-6, TNF-«a, and IL-1p were significantly increased in
the colonic tissues of DSS mice, but their expression was
reduced in the Mesalazine and HLD-H groups. Cytokine
IL-8, also known as CXCLS, is produced by macrophages
and epithelial cells. It acts as a chemotactic factor for
neutrophils, which plays a crucial role in IBD develop-
ment [29]. IL-8 promotes the migration of neutrophils to
the intestine, where it releases inducible nitric oxide syn-
thase and matrix metalloproteases that cause damage to
epithelial cells, which is a hallmark of IBD [26]. Inflam-
matory epithelial cells, macrophages, T lymphocytes, and
neutrophils from patients with UC have been found to
produce several chemokines, including IL-8 [29]. NF-xB
is essential for the induction of IL-8 expression [29]. The
NEF-kB and IL-17 signaling pathways are classical inflam-
matory pathways, and our previous studies demonstrated
that HLD exerts anti-inflammatory effects by inhibiting
these two signaling pathways [13]. IEN-y is the sole type
II interferon secreted by CD4 and CD8 cytotoxic T cells
during antigen-specific immune responses. Aberrant
expression of IFN-y is associated with numerous auto-
immune diseases. CD4+T cells release inflammatory
cytokines such as IFN-y and IL-15, which in turn pro-
mote the transformation of intraepithelial lymphocytes
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into cytotoxic CD8+T cells. These cytotoxic CD8+T
cells subsequently target and eliminate intestinal epi-
thelial cells, disrupting the mucosal barrier [30]. Upon
activation, IFN-y recruits and phosphorylates signal
transducer and activator of transcription 1(STAT1).
Phosphorylated STAT1 forms dimers and translocates to
the nucleus, binding to the Gamma-activated sequence
(GAS) in the promoter region of the genome, thereby
regulating downstream gene transcription [31]. The
IFN-y/STAT1 signaling pathway can activate the MAPK,
PI3K-Akt, and NF-kB signaling pathways [31].

The TLR family in mammals consists of 13 members,
and these receptors are responsible for recognizing spe-
cific patterns of microbial components known as path-
ogen-associated molecular patterns (PAMPs) [32, 33].
TLRs recognize their ligands and each TLR recognizes
different parts of PAMPs. All TLRs, except TLR3, activate
the MyD88-dependent signaling pathway, which leads to
the production of pro-inflammatory cytokines [34]. The
MyD88 signaling pathway is triggered when the activated
Toll/IL-1R homologous region domain of the TLR com-
plex associates with MyD88, which recruits interleukin-1
receptor-associated kinase (IRAK)1, IRAK4, and TNF
receptor-associated factor 6(TRAF6). The recruitment
of these components results in the phosphorylation of
IRAK1 and TRAF6, which propagates the signal to the
downstream MAP kinase-AP1 and IKK complex, NF-kB
[35]. This activates transcription factors and leads to the
activation of NF-«B, an important regulator of inflamma-
tion. NF-kB is capable of regulating the transcription and
expression of TNF-a, IL-1f, and IL-6, as well as other
inflammatory mediators and growth factors. The expres-
sion of these factors by NF-kB further sustains and acti-
vates NF-kB, thereby exacerbating inflammatory injury
[32].

In this study, the TLR signaling pathway, NF-xB sign-
aling pathway, and TLR4 were all closely associated with
anti-UC HLD using network pharmacology and bioin-
formatics analysis. Our previous study demonstrated
that HLD alleviates UC in mice by inhibiting the NF-xB
signaling pathway [14]. TLR4 is an upstream gene in the
NF-«B signaling pathway. Therefore, this study focused
on the mechanism of UC alleviation by HLD via the
TLR4/MyD88/NEF-«B pathway.

TLRs are key factors in the innate immune system.
After TLRs are activated, they can transmit inflamma-
tory reaction information through the MyD88-depend-
ent signal pathway, mediate the expression and release
of inflammatory factors, and produce inflammatory
injury. This study results indicated that HLD-H was
effective in decreasing the DAI and colonic histologi-
cal scores, thereby alleviating the symptoms of diar-
rhea and rectal bleeding caused by DSS. Additionally,
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HLD-H reduced the expression of TLR4, MyD88, and
NF-kB, and lowered the levels of pro-inflammatory
cytokines TNF-a, IL-1f, and IL-6 in the colonic tissue
of mice with DSS-induced UC. In conclusion, this study
suggests that HLD-H may have therapeutic poten-
tial for UC treatment by inhibiting the TLR4/MyD88/
NF-«B signaling pathway, which is closely associated
with UC development [32, 33, 36].

Conclusions

This study utilized network pharmacology and bioinfor-
matics analysis to analyze the active ingredients of HLD
aqueous solution and explore its multi-target mecha-
nism for treating UC. In addition, the study validated
that HLD exerts an anti-UC effect in a DSS-induced UC
mouse model by inhibiting the TLR4/MyD88/NF-«B
pathway. The results provide theoretical evidence for the
prevention and treatment of UC with HLD. However,
the unknown active ingredients of HLD in the blood
become a limitation of this study, which is a gap that will
be addressed in future studies. Furthermore, the lack of
in vitro experimental verification is another limitation,
as the anti-UC effect of HLD was only validated through
in vivo experiments inhibiting the TLR4/MyD88/NF-«xB
pathway. Therefore, our future research will focus on
exploring the mechanism of HLD’s anti-UC effect from
a metabolomics perspective, combining network phar-
macology and in vivo/in vitro experiments to provide
evidence.

Abbreviations

HLD Huangkui Lianchang Decoction
TCM Traditional Chinese Medicine
DSS Dextran sulfate sodium

GEO Gene expression omnibus

HE Hematoxylin—eosin

HLD-L Low-dose HLD

DAI Disease activity index

MyD88 Myeloiddifferentiationfactor88

OMIM Online Mendelian Inheritance in Man
IL.-6 Interleukin 6

CXCL8 Chemokine ligand 8

KEGG Kyoto Encyclopedia of Genes and Genomes

DEG Differentially expressed genes

GO Gene Ontology

uc Ulcerative colitis

IBD Inflammatory bowel disease

UPLC-MS/MS  Ultra-performance liquid chromatography-tandem mass

spectrometry
TTD Therapeutic Target Database

ELISA Enzyme-linked immunosorbent assay

HLD-H High-dose HLD

TLR4 Toll-like receptor 4

NF-kB Nuclear factor kappa-B

TIC Total ion chromatograms

IL-1B Interleukin-103

IFN-y Interferon-y

STAT1 Signal transducer and activator of transcription 1
PDB Protein Data Bank

SPF Specific pathogen-free



He et al. BMC Complementary Medicine and Therapies (2024) 24:280

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512906-024-04590-3.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
We would like to thank the Editage for providing language editing.

Authors’ contributions

Xiang Xu: Methodology, Data curation, Validation. Xu-dong Cheng: Data
curation, Formal analysis, Methodology, Writing — original draft. Yu-gen Chen:
Data curation, Investigation. Yu-yu Huang: Data curation. Ben-sheng Wu:
Methodology, Validation. Zhi-zhong Xu: Visualization. Jun Du: Investigation,
Validation. Qing Zhou: Supervision, Writing — review & editing. Zong-qi He:
Conceptualization, Funding acquisition, Supervision, Writing — original draft,
Writing — review & editing. All authors read and approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (grant number 82104859), the Natural Science Foundation of Jiangsu
Province (grant number BK20200212), and the Suzhou Science and Technol-
ogy Program Project (grant number SYS2020185, SYS2020184, SKY2021012,
SKJYD2021001).

Availability of data and materials

The data supporting the conclusions of this article are included within the
article. The data used during the current study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The animal experimental procedures conformed to animal ethics require-
ments and were approved by the Experimental Animal Ethics Committee of
Suzhou TCM Hospital, under Grant No. 2020 Ethical Animal Approval 002. The
study was conducted by the revised Animals (Scientific Procedures) Act 1986
in the UK and Directive 2020/63/EU in Europe to protect the experimental
animals. The study followed the ARRIVE guidelines 2.0 for design, analysis, and
reporting. The anesthesia and euthanasia methods we used during the experi-
ment were referenced from the American Veterinary Medical Association
(AVMA) Guidelines for the Euthanasia of Animals (2020).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Kunshan Hospital of Chinese Medicine, Kunshan 215300, PR China. 2Zhangjia-
gang TCM Hospital Affiliated to Nanjing University of Chinese Medicine,
Zhangjiagang 215600, PR China. *Department of Colorectal Surgery, Affiliated
Hospital of Nanjing University of Chinese Medicine, No. 155, Hanzhong Road,
Nanjing, Jiangsu Province 210004, PR China. “Pharmacy Department, Suzhou
TCM Hospital Affiliated to Nanjing University of Chinese Medicine, No. 18, Yang
Su Road, Suzhou, Jiangsu Province 215009, PR China.

Received: 30 May 2023 Accepted: 16 July 2024
Published online: 23 July 2024

References

1. Gajendran M, Loganathan P, Jimenez G, Catinella AP, Ng N, Umapathy C,
et al. A comprehensive review and update on ulcerative colitis. Dis Mon.
2019;65:100851.

18.

20.

Page 16 of 17

Raine T, Bonovas S, Burisch J, Kucharzik T, Adamina M, Annese V, et al.
ECCO guidelines on therapeutics in ulcerative colitis: medical treatment. J
Crohns Colitis. 2022;16:2-17.

Wei S-C, Sollano J, Hui YT, Yu W, Santos Estrella PV, Llamado LJQ, et al.
Epidemiology, the burden of disease, and unmet needs in the treat-
ment of ulcerative colitis in Asia. Expert Rev Gastroenterol Hepatol.
2021;15:275-89.

Sharara Al, Al Awadhi S, Alharbi O, Al Dhahab H, Mounir M, Salese L, et al.
Epidemiology, disease burden, and treatment challenges of ulcerative
colitis in Africa and the Middle East. Expert Rev Gastroenterol Hepatol.
2018;12:883-97.

Tusé D, Reeves M, Royal J, Hamorsky KT, Ng H, Arolfo M, et al. Pharma-
cokinetics and safety studies in rodent models support development of
EPICERTIN as a novel topical wound-healing biologic for ulcerative colitis.
J Pharmacol Exp Ther. 2022,380:162-70.

Sugimoto S, Naganuma M, Kiyohara H, Arai M, Ono K, Mori K, et al. Clinical
efficacy and safety of oral Qing-Dai in patients with ulcerative colitis: a
single-center open-label prospective study. Digestion. 2016;93:193-201.
Kou F-S, Shi L, Li J-X, Wang Z-B, Shi R, Mao T-Y, et al. Clinical evaluation

of traditional Chinese medicine on mild active ulcerative colitis: a multi-
center, randomized, double-blind, controlled trial. Medicine (Baltimore).
2020;99:221903.

Dai Y-C, Zheng L, Zhang Y-L, Chen X, Chen D-L, Tang Z-P. Effects of Jianpi
Qingchang decoction on the quality of life of patients with ulcerative
colitis: a randomized controlled trial. Medicine. 2017;96:€6651.

ChenY, Deng J, Wen Y, Chen B, Hou J, Peng B, et al. Modified Sijunzi
decoction in the treatment of ulcerative colitis in the remission phase:
study protocol for a series of N-of-1 double-blind, randomised controlled
trials. Trials. 2020;21:396.

. Shen H, Zhang S, Zhao W, Ren S, Ke X, Gu Q, et al. Randomised clinical

trial: efficacy and safety of Qing-Chang-Hua-Shi granules in a multicenter,
randomized, and double-blind clinical trial of patients with moderately
active ulcerative colitis. Biomed Pharmacother. 2021;139:111580.

. He Z,Wu B, Wen K, Sun X, Wang X, Zhang C. Clinical observation of

Huangkui Lianchang prescription enema in the treatment of distal
ulcerative colitis. Hebei J Tradit Chin Med. 2019;41:833-7+843.

. LiuH, Zhou Q Wang B, Duan Z, Shi G, Jiang F, et al. Retrospective analysis

of the efficacy of Huangkui Lianyang Prescription in the Treatment of 101
cases of mild to moderately active ulcerative colitis. Liaoning J Tradit Chin
Med. 2022;49:75-7.

. He Z,Zhou Q Wen K, Wu B, Sun X, Wang X, et al. Huangkui Lianchang

Decoction ameliorates DSS-induced ulcerative colitis in mice by inhibit-
ing the NF-kappaB signaling pathway. Evid Based Complement Alternat
Med. 2019;2019:1040847.

. Cheng X, Du J, Zhou Q Wu B, Wang H, Xu Z, et al. Huangkui lianchang

decoction attenuates experimental colitis by inhibiting the NF-kB path-
way and autophagy. Front Pharmacol. 2022;13:951558.

. MaY,HuJ, Song C, Li P, Cheng Y, Wang Y, et al. Er-Xian decoction

attenuates ovariectomy-induced osteoporosis by modulating fatty acid
metabolism and IGF1/PI3K/AKT signaling pathway. J Ethnopharmacol.
2023;301:115835.

. Chen P-Y,Yuan C,Hong Z-C, Zhang Y, Ke X-G, Yu B, et al. Revealing the

mechanism of "Huai Hua San”in the treatment of ulcerative colitis based
on network pharmacology and experimental study. J Ethnopharmacol.
2021;281:114321.

. Duan Z-L, Wang Y-J, Lu Z-H, Tian L, Xia Z-Q, Wang K-L, et al. Wumei Wan

attenuates angiogenesis and inflammation by modulating RAGE signal-
ing pathway in IBD: network pharmacology analysis and experimental
evidence. Phytomedicine. 2023;111:154658.

Tian S, Zhang J, Yuan S, Wang Q, Lv C, Wang J, et al. Exploring pharmaco-
logical active ingredients of traditional Chinese medicine by pharma-
cotranscriptomic map in ITCM. Brief Bioinform. 2023;24:bbad027.

. Wirtz S, Popp V, Kindermann M, Gerlach K, Weigmann B, Fichtner-Feigl S,

et al. Chemically induced mouse models of acute and chronic intestinal
inflammation. Nat Protoc. 2017;12:1295-309.

Jauregui-Amezaga A, Geerits A, Das Y, Lemmens B, Sagaert X, Bessissow
T, et al. A simplified geboes score for ulcerative colitis. J Crohns Colitis.
2017;11:305-13.

. WuY, Liu X, Li G. Integrated bioinformatics and network pharmacology to

identify the therapeutic target and molecular mechanisms of Huanggin
decoction on ulcerative Colitis. Sci Rep. 2022;12:159.


https://doi.org/10.1186/s12906-024-04590-3
https://doi.org/10.1186/s12906-024-04590-3

He et al. BMC Complementary Medicine and Therapies (2024) 24:280

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hopkins AL. Network pharmacology. Nat Biotechnol. 2007;25:1110-1.
YuW, Liang Z, Li Q, Liu Y, Liu X, Jiang L, et al. The pharmacological valida-
tion of the Xiao-Jian-Zhong formula against ulcerative colitis by network
pharmacology integrated with metabolomics. J Ethnopharmacol.
2022,298:115647.

Tian S, Li'Y, Xu J, Zhang L, Zhang J, Lu J, et al. COIMMR: a computational
framework to reveal the contribution of herbal ingredients against
human cancer via immune microenvironment and metabolic reprogram-
ming. Brief Bioinform. 2023;24:bbad346.

Boland BS, He Z, Tsai MS, Olvera JG, Omilusik KD, Duong HG, et al. Hetero-
geneity and clonal relationships of adaptive immune cells in ulcerative
colitis revealed by single-cell analyses. Sci Immunol. 2020;5:eabb4432.
Nakase H, Sato N, Mizuno N, Ikawa Y. The influence of cytokines on the
complex pathology of ulcerative colitis. Autoimmun Rev. 2022;21:103017.
Hirten RP, Sands BE. New Therapeutics for ulcerative colitis. Annu Rev
Med. 2021;72:199-213.

Turner D, Ricciuto A, Lewis A, D’Amico F, Dhaliwal J, Griffiths AM, et al.
STRIDE-II: an update on the selecting Therapeutic Targets in Inflammatory
Bowel Disease (STRIDE) Initiative of the International Organization for the
Study of IBD (IOIBD): determining therapeutic goals for treat-to-target
strategies in IBD. Gastroenterology. 2021;160:1570-83.

ZhuY,Yang S, Zhao N, Liu C, Zhang F, Guo Y, et al. CXCL8 chemokine in
ulcerative colitis. Biomed Pharmacother. 2021;138:111427.
Miner-Williams WM, Moughan PJ. Intestinal barrier dysfunction: implica-
tions for chronic inflammatory conditions of the bowel. Nutr Res Rev.
2016;29:40-59.

Gocher AM, Workman CJ, Vignali DAA. Interferon-y: teammate or oppo-
nent in the tumor microenvironment? Nat Rev Immunol. 2022;22:158-72.
Yang Q, Ma L, Zhang C, Lin J, Han L, He Y, et al. Exploring the mechanism
of indigo naturalis in the treatment of ulcerative colitis based on TLR4/
MyD88/NF-kB signaling pathway and gut microbiota. Front Pharmacol.
2021;12:674416.

Chamanara M, Rashidian A, Mehr SE, Dehpour A-R, Shirkohi R, Akbar-

ian R, et al. Melatonin ameliorates TNBS-induced colitis in rats through
the melatonin receptors: involvement of TLR4/MyD88/NF-kB signaling
pathway. Inflammopharmacol. 2019;27:361-71.

LiY,Yang S, Lun J, Gao J, Gao X, Gong Z, et al. Inhibitory effects of the
lactobacillus rhamnosus GG effector protein HM0539 on inflamma-

tory response through the TLR4/MyD88/NF-kB Axis. Front Immunol.
2020;11:551449.

Zhang Q, Wang L, Wang S, Cheng H, Xu L, Pei G, et al. Signaling pathways
and targeted therapy for myocardial infarction. Signal Transduct Target
Ther. 2022;7:78.

Li C, Dong N, Wu B, Mo Z, Xie J, Lu Q. Dihydroberberine, an isoquinoline
alkaloid, exhibits protective effect against dextran sulfate sodium-
induced ulcerative colitis in mice. Phytomedicine. 2021;90:153631.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17



	Integrated network pharmacology and bioinformatics to identify therapeutic targets and molecular mechanisms of Huangkui Lianchang Decoction for ulcerative colitis treatment
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Drugs and reagents
	Preparation of HLD extracts
	Compositional analysis of HLD using UPLC-MSMS
	Network pharmacological analysis
	Prediction targets of active compounds in HLD
	Acquisition of UC targets
	Construction of protein–protein interaction (PPI) networks
	GO function and KEGG pathway enrichment analysis
	Construction of chemical-target-pathway network
	Molecular docking

	Experimental validation
	Experimental animals
	Establishment of mouse ulcerative colitis model
	Disease activity index (DAI) scoring
	Histological assessment of the colon
	Immunohistochemistry
	ELISA for detection of cytokine levels in mouse serum
	Detection of TLR4, MyD88, and NF-κB mRNA expression in mouse colon tissue
	Detection of TLR4, MyD88, and NF-κBp65 expression in colon tissues using western blot
	Statistical processing methods


	Results
	Identification of UC targets
	UPLC-MS characterization of the chemical composition of HLD
	PPI network construction
	GO and KEGG enrichment
	C-P–T network construction
	Molecular docking
	Experimental validation
	HLD ameliorates ulcerative colitis in mice induced by DSS
	Effect of HLD on histopathological changes in the colon
	HLD inhibits inflammation levels in the serum of UC mice
	HLD ameliorates DSS-induced UC via the TLR4MyD88NF-κB signaling pathway


	Discussion
	Conclusions
	Acknowledgements
	References


