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Objective: This study aimed to explore the potential active components and therapeutic targets of Shentong Zhuyu Decoction (SZD)
in the treatment of ankylosing spondylitis (AS) through network pharmacology and animal experiments.

Methods: Targets for AS and related pathways were obtained by network pharmacology, and the pathways with the best binding
affinity in molecular docking were verified by animal experiments.

Results: The network pharmacology analysis found 248 chemical components, 1068 drug targets and 803 AS-related targets in SZD.
After intersection targets analysis, 116 common drug—disease targets were obtained, and matrix metalloproteinase-9, nucleotide-
binding oligomerization domain (NOD)-like receptor thermal protein domain associated protein 3 (NLRP3) and cytochrome P450 2D6
were identified as the key targets of SZD for the treatment of AS. A total of 2152 biological processes, 38 cellular component
expressions and 150 molecular function terms were obtained in gene ontology enrichment analysis, and 153 Kyoto Encyclopedia of
Genes and Genomes (KEGG) signalling pathways were obtained in KEGG enrichment analysis. Molecular docking analysis showed
that the absolute binding energies of glypallichalcone and NLRP3, quercetin and NLRP3 and kaempferol and NLRP3 were >7. Animal
experiments showed that the expressions of NLRP3, Caspase-1, interleukin (IL)-1p and IL-18 were significantly increased in the
model group and the treatment group compared with those in the blank group, and the expression levels in the treatment group were
significantly decreased compared with those in the model group (p < 0.05).

Conclusion: The active components in SZD, such as baicalin, quercetin, kaempferol and glypallichalcone, may reduce the expression
of IL-1P and IL-18 via the NLRP3/Caspase-1 signalling pathway to inhibit the development and progression of inflammation and play
a role in the treatment of AS.
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Introduction

Ankylosing spondylitis (AS) is an immune-mediated inflammatory arthritis that primarily affects the axial skeleton,
particularly the sacroiliac and spinal joints, often leading to severe chronic pain and disability." In addition to bones, AS
is associated with anatomical and functional abnormalities in the eyes, skin, gastrointestinal tract, heart and blood
vessels.” The incidence of AS is closely related to genetics, dyslipidemia and a high ratio of low-density lipoprotein to
high-density lipoprotein.** The incidence of AS in adults is 0.9%—1.4%.> Epidemiological studies have found that the
incidence of AS in China is approximately 0.3%° and is more common in men than in women, with a male-to-female

patient ratio of approximately 3:1.” No radical treatment options for this disease are currently available, and the main
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goal of treatment is to control the clinical symptoms of patients, delay the progression development of the disease, reduce
the development of complications and try to maintain the normal morphology of the spine.

Western medicines available for AS mainly include disease-modifying antirheumatic drugs (DMARDs), nonsteroidal
anti-inflammatory drugs (NSAIDs), glucocorticoids and biologics.” Nonsteroidal anti-inflammatory drugs are the first
choice for the treatment of AS. They can significantly relieve symptoms, such as pain and morning stiffness, but cannot
prevent the progression of this disease. The long-term use of NSAIDs may lead to gastrointestinal adverse reactions and
liver and kidney dysfunction.®* The DMARDSs currently used in clinical practice include methotrexate and sulfasalazine,
which can effectively improve the condition of patients.'® However, Zochling et al'' found that there is no definite
evidence to support the effectiveness of DMARDs in the treatment of axial diseases in patients with AS. Biologics are
widely used in the treatment of AS due to their potent anti-inflammatory and immunosuppressive effects. However, they
are expensive and may aggravate the condition once discontinued.'? Therefore, traditional Chinese medicine (TCM) has
become an area of research due to its unique advantages.

There is no such term as ankylosing spondylitis’ in TCM, and instead, this disease is classified into the categories of
‘heumatism’ and ‘dyphosis’. In Neijing, it is stated that ‘the kidney is a solitary organ. Yin water of single kidney cannot
overcome the Yang fire of the heart and liver, so individuals don’t tremble although it is cold. This disease is named
heumatism’, which is the earliest record of this disease. Heumatism, with an onset location in the bone, is clinically
manifested by aching limbs and joints with swelling and even spastic flexion and deformed ankylosis in those with severe
conditions."® In TCM, it is believed that this disease belongs to the syndrome of deficiency in origin and excess in
superficiality, with the kidney and Du meridian deficiency as the root cause and contracting external evil as the
symptoms.'* Retention of wind, cold and dampness in the joints and bones may lead to insufficiency of yang-qi,
endogenous blood stasis, phlegm and stasis obstruction of blood vessels.'®> Treatment should be based on the principle of
‘treating both symptoms and root causes of the disease’. Traditional Chinese medicine is extensive and profound. There
were records of Shentong Zhuyu Decoction (SZD) in the treatment of AS long ago in China.'® Wang Qingren’s SZD'’
drug components mainly include Ligusticum chuanxiong hort, Angelica sinensis, Glycyrrhiza uralensis Fisch, carthamus
tinctorius 1, Myrrha, Achyranthes bidentata Blume, Notopterygium incisum Ting ex H. T. Chang, Gentiana macrophplla
Pall, Prunus persica (L.) Batsch, Cyperus rotundus, Earthworm, Trogopterori Faeces. This prescription uses Chuanxiong,
angelica, peach kernel, safflower to promote blood circulation and remove blood stasis; achyranthes bidentata, Faeces
Trogopterori, Earthworm blood Shuluo, Tongbizhitong; ginjiao, Qianghuo Qufeng for dehumidification; xiangfu Xingqi
Huoxue and licorice to reconcile the various drugs; it plays the role of relieving pain, dispelling wind and removing
dampness, promoting blood circulation and removing blood stasis. Shentong Zhuyu Decoction is effective in promoting
qi and relieving pain, reducing inflammation and swelling, promoting blood circulation and resolving blood stasis, which
is beneficial to joint pain and lesion recovery.'®

Network pharmacology (NP) is a new discipline. In NP, a drug-active component—disease—target network is
constructed on the molecular level through data visualisation analysis to predict the mechanism of drug treatment for
diseases, which makes up for the deficiencies of the “one component, one target, one drug and one disease” paradigm.
However, the results of NP need to be validated through corresponding animal experiments to ensure the reliability of
these findings. Therefore, the present study was designed to explore the key targets and signalling pathways of SZD in
the treatment of AS based on modern pharmacology and data mining. In addition, the findings obtained from NP were
verified in animal experiments to reveal the molecular mechanism of this prescription, providing a basis for its clinical
use in the treatment of AS.

Materials and Methods

Network Pharmacology

Prediction of the Components and Related Targets of Shentong Zhuyu Decoction

The SZD consisted of 12 traditional Chinese medicinal materials, including Gentiana macrophylla, Ligusticum wallichii,
peach kernel, safflower, licorice, notopterygium root, myrrh, Angelica sinensis, Trogopterus dung, Cyperus rotundus,
Achyranthes bidentata and earthworm. These materials were searched on the Traditional Chinese Medicine System
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Pharmacology Database and Analysis Platform (TCMSP, http://tcmspw.com/tcmsp.php), and all active components were

screened based on pharmacokinetic parameters, with an oral bioavailability >30 and a drug-likeness >0.18 as selection
criteria. For those not included in the TCMSP, potential active components were searched in the Traditional Chinese
Medicine Integrated Database (TCMID, http://119.3.41.228:8000/tcmid/). The structure of these components was
obtained using the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and imported into the Swiss Target

Prediction database (http://www.swisstargetprediction.ch/). Targets with a predicted score >0 were selected as the drug

targets.

Acquisition of Disease Targets for Ankylosing Spondylitis
Related targets for AS were searched in the gene-disease and variant-disease association database (DisGeNET, https://
www.disgenet.org/) and human gene database (https://www. gene cards.org/, GeneCards) using “ankylosing spondylitis
(AS)” as the keyword and used as the potential targets of SZD for the treatment of AS.

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of
Second Affiliated Hospital of Tianjin University of TCM.

Construction of Drug-Disease Intersection Targets, Venn Diagrams and Active Component—Target Diagrams
Drug—disease intersection targets were obtained using Venn 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/) on the

online platform. The active component-related targets of SZD and diseased targets of AS were imported into the
Venny 2.1.0 online tool to obtain the drug—disease intersection targets and their Venn diagrams. These intersection
targets and active components were then imported into Cytoscape 3.6.1 software (https://cytoscape.org/) to map the drug

active component targets to the disease-related targets and construct an active component—target network, with active
components and targets denoted by “nodes” and the interrelationships between nodes denoted by “edges”.

Construction of the Protein—Protein Interaction Network
The disease-related genes and drug—target intersection genes obtained above were imported into the Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING) database (https://string-preview.org/) with the organism set to “Homo

Sapiens”. The minimum interaction score was set to 0.7, and the free nodes were hidden with system default values for other
parameters to obtain the protein—protein interaction (PPI) network for disease—drug intersection genes. These PPI network
data were then exported. Using the CytoNCA plugin in Cytoscape 3.8.0 software, computational analysis was conducted
based on six parameters, namely betweenness centralities, closeness centralities, degree centralities, eigenvector central-
ities, local average connectivity-based method centralities and network centralities. Items were retained only when the six
parameters were greater than their median values (otherwise, they were deleted) to obtain the core gene network.

Gene Ontology and Kyoto Encyclopedia of Genes and Genomes Analysis

The R software platform and the org.Hs.eg.db package were used to annotate the gene IDs of the disease and drug target
intersection genes. After obtaining the gene IDs, R packages, such as “clusterProfiler”, “org.Hs.eg.db”, “enrich plot” and
“ggplot2”, were used to perform gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis for
the intersection genes. The GO analysis included three domains: biological process, cellular components and molecular
functions. The screening and filtering were conducted with a p-value cutoff of 0.05 and a g-value cutoff of 0.05. The top 10

results of the GO analysis and the top 20 results of the KEGG enrichment analysis were presented in bar charts.

Molecular Docking

Based on the results obtained above, the three active components with the highest numbers of targets were selected as
ligands, and the three targets with the highest scores in the core gene network of the PPI network were selected as receptors
to perform molecular docking, and the binding energies between them were calculated. A higher absolute value of binding
energy suggested a better binding affinity between the ligand and the receptor. The ligands and receptors with the highest
binding energies were selected for molecular docking. First, the 3D structure of the active component was searched and
downloaded from PubChem (https://pubchem.ncbi.nlm.nih.gov/) using “cnidilin”, “glypallichalcone”, “GA120”, “lico-
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chalcone a”, “xanthinin”, “baicalein”, “quercetin”, “medicarpin”, “kaempferol” and “DFV” as keywords. Autodock tools
were used to add hydrogen atoms, assign charges to the active components and define the rotatable bonds. Next, the
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corresponding protein structures were downloaded from the Research Collaboratory for Structural Bioinformatics Protein
Data Bank website (https://www.rcsb.org/) using “MMP9”, “NLRP3” and “CYP2D6” as keywords. Pymol software was
used to remove the ligands and water molecules in the protein structures, and Autodock tools were used to add hydrogen

atoms and assign charges to these proteins. The docking box was set, and Vina was used for molecular docking, with
“exhaustiveness” set to 30 and other parameters set as default. The binding energies were calculated. Finally, structure

processing and visualisation of the results of molecular docking were conducted using Pymol.

Animal Experiments

Animal Grouping and Modelling

Eighteen 8-week-old female BALB/c mice, SPF grade, weighing 18-21 g, were purchased from Speuf (Beijing)
Biotechnology Co., Ltd. The mice were randomly divided into blank group, model group and traditional Chinese medicine
group, with 6 mice in each group. Except for the blank group, the other two groups were induced by proteoglycan method:'”
proteoglycan dry powder (Sigma company) was dissolved with 1XPBS (concentration of 2mg/mL), emulsified with
complete Freund’s adjuvant (Sigma company of the United States) in a ratio of 1:1, 0.1mL of proteoglycan emulsion
was injected intraperitoneally, 7 days after the first immunization was carried out for booster immunization, and 0.1mL of
emulsion was injected intraperitoneally again, and the modeling process was 21 days in total.

Preparation and Administration of Shentong Zhuyu Decoction

According to the compatibility ratio of the original prescription of “Medical Forest Correction”, the prescription of body
pain and stasis decoction is as follows: 6g of gentiana macrophylla, 12g of ligusticum wallichii, 18g of peach kernel, 18g
of safflower, 12g of licorice, 6g of notopterygium root, 12g of myrrh, 18g of angelica sinensis, 12g of trogopterus dung,
6g of cyperus rotundus, 18g of achyranthes bidentata, 12g of earthworm (to soil).

Source of medicine: one-time purchase from the Chinese medicine pharmacy of the Second Affiliated Hospital of
Tianjin University of Traditional Chinese Medicine. The dosage was calculated with reference to the “Equivalent Dose
Ratio Table for Humans and Animals by Body Surface Area” in the “Pharmacological Experimental Methodology”,'®
and according to the coefficient between humans (70kg) and mice (20g) was 0.0026, the daily crude drug dose of 20g
mice was 0.39g crude drug, that is, the crude drug amount was 19.5g/kg. Starting from the 3rd week, the mice in the
traditional Chinese medicine group were given gavage once a day for body pain and stasis decoction, and the mice in the
other two groups were given the same volume of normal saline gavage once a day for 4 weeks.

Sample Collection and Laboratory Measurements

(1) Levels of serum interleukin (IL)-1B and IL-18 were determined. Briefly, mice were weighed and fully anaesthetized
with 1% pentobarbital sodium in normal saline at a dose of 80 mg/kg. The eyeballs were removed, and approximately
1 mL of blood was extracted and placed in a pro-coagulation tube. The blood samples were centrifuged at 250 g for 10
mins, and the serum was collected and transferred to an EP tube, which was stored at —80°C for use. The levels of serum
IL-1B and IL-18 were determined for each group using the enzyme-linked immunosorbent assay (ELISA) method with
a mouse IL-1B ELISA kit (Ruixin Biotech, China) for IL-1p and a mouse IL-18 ELISA kit (Ruixin Biotech, China) for
IL-18. The test was carried out strictly according to the instructions.

(2) Expression of NLRP3 and Caspase-1 mRNAs in tissue were detected. Briefly, hip articular capsule was ground
into powder in liquid nitrogen, and 1mL of Trizol solution was added to every 50—100 mg of tissue and ground. The total
volume of the sample was <10% of the volume of the Trizol used. The grinding mixture was placed at room temperature
for 5 mins, and then chloroform at 0.2 mL/mL Trizol was added. The centrifuge tube was closed tightly and shaken
vigorously by hand for 15 secs. The upper aqueous layer was removed into a new centrifuge tube, isopropanol was added
at 0.5 mL/mL Trizol and placed at room temperature for 10 mins. After centrifuging at 12,000 g for 10 mins, the
supernatant was discarded, and 75% ethanol was added to at least 1 mL/mL Trizol. The mixture was vortexed and
centrifuged at 7500 g at 4°C for 5 mins. The supernatant was carefully discarded and dried at room temperature or
vacuum-dried for 5-10 mins. The RNAs obtained were dissolved in water, and, if necessary, placed in a water bath at
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55°C—60°C for 10 mins. The RNAs were stored in 70% ethanol at =70°C for mRNA isolation. The expression of NLRP3
and Caspase-1 mRNAs was determined by real-time fluorescence quantitative polymerase chain reaction (QRT-PCR).

Before the qRT-PCR, reverse transcription was performed using Hifair™ III 1st Strand cDNA Synthesis SuperMix for
qPCR (gDNA digester plus) (Yeasen, Shanghai, China). The ready-to-use premix contained RNase-free ddH,O, 5x
gDNA digest Mix and 4x Hifair®™ III SuperMix plus (the reverse transcription system is in Table 1). The reaction
included incubation at 25°C for 5 mins, then at 55°C for 15 mins and finally at 85°C for 15 mins. The reverse transcribed
cDNA was stored at —20°C. The final volume of the reaction system was 20 pL.

The cDNA obtained above was used in the qRT-PCR. The primer sequences used in the qRT-PCR were synthesised
by Sangon Biotechnology Co., Ltd (Shanghai, China) (Table 2). The qRT-PCR was conducted using a MonAmp™
SYBR™ Green qPCR Mix kit, with a reaction system of 20 uL (Table 3).

Statistical Analysis

The SPSS 26.0 statistical software package was used for statistical analysis, and the Kolmogorov—Smirnov method was
used for the normality test. Measurement data with normal distribution were presented as mean + standard deviation, the
t-test was used for the comparison of mean values between groups, variance analysis was used for the comparison of
mean values among groups and the Student-Newman—Keuls method was used for pairwise comparison. A significance

level of o = 0.05 was used for all tests.

Results

Results of Network Pharmacology Analysis

Chemical Components of Shentong Zhuyu Decoction and Their Predicted Targets

A total of 248 chemical components were obtained from SZD through searching the TCMSP and TCMID databases and
literature review, including 7 for Ligusticum wallichii, 2 for Angelica sinensis, 92 for licorice, 22 for safflower, 45 for
myrrh, 20 for Achyranthes bidentata, 15 for notopterygium root, 2 for Gentiana macrophylla, 23 for peach kernel, 18 for

Table | Reverse Transcription System

Reagents Volume (pL)
5xgDNA digester Mix 3

Total RNA |
RNase free water 12
4xHifair® Ill SuperMix plus

Table 2 QRT PCR Primer Sequence

Primer Name Sequence (5’ to 3’)
Mice Nlirp3-F TCACAACTCGCCCAAGGAGGAA
Mice NIrp3-R AAGAGACCACGGCAGAAGCTAG

Mice Caspase |-F | GGCACATTTCCAGGACTGACTG
Mice Caspase |-R | GCAAGACGTGTACGAGTGGTTG

Table 3 QRT PCR Reaction System

Reagents Volume (pL)

MonAmp™ SYBR® Green qPCR Mix 10
Forward and reverse primers Gene primers
DNA template

RNase Free H,O
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Table 4 Statistical Table of Basic Information on Traditional Chinese Medicine Components
Targets in the Drug Group

Drug Name Quantity of Predicted Number of
Ingredients (Pieces) Targets (Pieces)

Ligusticum chuanxiong hort 7 349
Angelica sinensis 2 43
Glycyrrhiza uralensis Fisch 92 777
Carthamus tinctorius L 22 421
Myrrha 45 545
Achyranthes bidentata Blume 20 427
Notopterygium incisum Ting ex H. T. Chang 15 359
Gentiana macrophplla Pall 2 44

Prunus persica (L.) Batsch 23 330
Cyperus rotundus 18 402
Earthworm 6 186
Trogopterori Faeces 23 299

Total 248 1068

Cyperus rotundus, 6 for earthworm and 23 for Trogopterus dung (Table 4). Targets for the chemical components of SZD
were predicted using the Swiss Target Prediction database, and 1068 drug-related targets were finally obtained.

Disease Targets for Ankylosing Spondylitis

The DisGeNET and GeneCards databases were searched using the keyword “ankylosing spondylitis”, and the disease
genes obtained from the two databases were integrated. After duplicates were excluded, 803 AS target genes were
obtained.

Venn Diagrams of the Drug—Disease Intersection Targets and Drug Component-Disease—Target Network

A total of 1068 drug component-related targets of SZD and 803 AS disease-related targets were imported into the Venny
2.1 online tool. Intersection analysis found 116 common drug—disease targets, and Venn diagrams were constructed
(Figure 1). A total of 248 potential active components in the prescription and 116 drug—disease targets were imported into
Cytoscape software, and network diagrams of the “drug—component—target—disease” interaction were plotted after
isolated components with no intersection with the targets (Figure 2). Topology analysis on the network diagrams was
carried out using Network Analyzer. The degree values represented the number of associations between the component

Traditional Chinese ankylosing spondylitis
medicine compounds

Figure | Traditional Chinese medicine compound and target Venn diagram for ankylosing spondylitis.

6458 e Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xin et al

Figure 2 Network diagram of drug component target disease interactions.

and the target, where a higher degree value indicated that the component was more important. The top 10 values of
degree for active components are shown in Table 5.

Construction of Protein—Protein Interaction Networks

The 116 common drug—disease targets were imported into the STRING database for searching. The protein type was set
to “Homo Sapiens”, and the minimum interaction threshold was 0.4 to construct the PPI network (Figure 3). The
constructed PPI networks were imported into Cytoscape 3.7.2, and the gene cluster analysis and core target screening
were conducted using the MCODE module. A total of three gene clusters (Figure 4) and three core genes, including
matrix metalloproteinase-9 (MMP9), NLRP3 and cytochrome P450 2D6, were obtained.

Gene Ontology Functional Enrichment Analysis of the Targets of Shentong Zhuyu Decoction in the Treatment
of Ankylosing Spondylitis

A GO analysis of 116 common targets was conducted in three domains using the R program, including the biological
process, cellular components and molecular functions. The results of the GO analysis showed the following: the
intersection gene set was enriched into 2152 biological pathways, mainly including response to bacterial-derived
molecules, response to lipopolysaccharide and regulation of inflammatory responses; the intersection gene set was
enriched into 38 cellular component expression processes, mainly including the cytoplasmic vesicle cavity and

Table 5 Main Chemical Components

Chemical Composition | Degree Value
Chnidilin 24
Glypallichalcone 24
GAI20 23
Licochalcone a 22
xanthinin 21
Baicalein 21
quercetin 21
Medicarpin 21
kaempferol 21
DFV 21
Journal of Inflammation Research 2024:17 https: 6459
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membrane area; and the intersection gene set was enriched into 150 molecular function related processes, mainly
including heme binding and cytokine receptor binding (Figure 5).

Kyoto Encyclopedia of Genes and Genomes Pathway Enrichment Analysis of the Shentong Zhuyu Decoction
in the Treatment of Ankylosing Spondylitis

A KEGG analysis of 116 common targets was conducted using the R program, and a total of 153 KEGG pathways were
obtained, including PI3K-Akt, Th17 cell differentiation, Toll-like receptors, osteoclast differentiation, JAK-STAT
signalling pathway, Thl and Th2 cell differentiation and platelet activation. The top 20 pathways were compiled into
a bar chart of KEGG function enrichment (Figure 6).
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Figure 4 MCODE clustering analysis of gene clusters. (A) The core gene network obtained after the first analysis; (B) The core gene network obtained after secondary
analysis; (C) Final Core Gene Network.

Molecular Docking

The binding energies between active components and core genes are shown in Table 6. It was seen that there were three
bindings with an absolute binding energy >7, including glypallichalcone and NLRP3, quercetin and NLRP3 and
kaempferol and NLRP3. Among them, the best binding affinity was noted between quercetin and NLRP3, with an
absolute binding energy of 9.1 kcal/mol. Therefore, the animal experiments below focused on the effect of SZD on the
activation of the NLRP3/Caspase-1 pyroptosis signalling pathway and the release of downstream inflammatory factors in
AS mice to verify the effectiveness of this regulatory mechanism.

Results of Animal Experiments

Comparison of Nucleotide-Binding Oligomerization Domain-Like Receptor Thermal Protein Domain
Associated Protein 3 and Caspase-1 Messenger Ribonucleic Acid Expression Levels in Mouse Tissue Among
Groups

Expression levels of NLRP3 and Caspase-1 mRNAs in mouse tissue were determined by qRT-PCR. The amplification
and melting curves during the process are shown in Figure 7. The mRNA levels were 1.09 + 0.23, 8.24 £ 1.55 and 3.66 +
1.35 (F = 14.706, p < 0.001) for NLRP3 and 1.05 + 0.41, 4.58 + 1.74 and 2.75 + 0.70 (F = 78.710, p < 0.001) for
Caspase-1 in the blank group, the AS model group and the SZD treatment group, respectively. A further pairwise
comparison showed that the expression levels of NLRP3 and Caspase-1 mRNAs in the three groups consistently
decreased in the following order: the AS model group > the SZD treatment group > the blank group (p < 0.05) (Figure 8).
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Figure 5 GO enrichment analysis bar chart of traditional Chinese medicine compound in the treatment of ankylosing spondylitis; (A) BPbarplot; (B) CC.barplot; (C) MF.
barplot.
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Figure 6 KEGG enrichment analysis of traditional Chinese medicine compound in the treatment of ankylosing spondylitis.
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Table 6 Key Target Docking Results

Ingredients Target Points | Binding Energy (kcal/mol)
Chidilin MMP9 —6.9
CYP2D6 —6.7
NLRP3 -5.3
Glypallichalcone MMP9 —6.1
CYP2D6 —6.6
NLRP3 -8.2
GAI20 MMP9 —6.5
CYP2D6 —6.8
NLRP3 5.6
Licochalcone a MMP9 —6.6
NLRP3 -5.3
CYP2D6 —5.5
Xanthinin MMP9 —6.4
NLRP3 —6.4
CYP2D6 -5.3
Baicalein MMP9 —6.4
CYP2D6 -5.3
NLRP3 5.0
Quercetin MMP9 -5.5
CYP2D6 —6.4
NLRP3 9.1
Medicarpin MMP9 -5.3
NLRP3 5.6
CYP2D6 —6.1
Kaempferol MMP9 -5.8
CYP2D6 -5.8
NLRP3 -8.9
DFV MMP9 -5.9
NLRP3 -5.3
CYP2D6 -5.7

Comparison of Serum Interleukin-1f and Interleukin-18 Levels Among Groups

The results showed that the serum levels were 67.83 = 12.42, 111.91 + 14.21 and 89.72 £ 8.08 (F = 20.745, p <0.001) for
IL-1B and 19.94 £ 3.16,40.14 + 4.94 and 28.78 £ 4.30 (F =34.913, p < 0.001) for IL-8 in the blank group, the AS model
group and the SZD treatment group, respectively. A further pairwise comparison showed that the levels of serum IL-1p
and IL-18 in the three groups consistently decreased in the following order: the AS model group > the SZD treatment
group > the blank group (p < 0.05) (Figure 9).

Discussion

At present, AS treatment is still in the research stage. Early prevention, detection and treatment are essential to relieve
pain and stabilise the condition.'® Recent studies have shown that biological agents, such as etanercept, have significant
clinical efficacy, but their use is limited due to their high price and need for subcutaneous injection. At the same time,
with the increase in clinical application, their adverse reactions have been receiving more and more attention, mainly
including respiratory tract infections and skin reactions at the injection site. With the inheritance and development of
TCM, the progress of TCM foundation and modern research, TCM has provided new ideas for clinical workers to treat
AS. In recent years, many experts and scholars have combined experiments and clinical practice. After long-term
observation and analysis, they have concluded that TCM can improve the therapeutic effect of patients with AS,
particularly in the treatment of integrated traditional Chinese and Western medicine.'*'®!'" Ankylosing spondylitis
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Figure 7 Amplification and dissolution curves during the detection process. (A) NLRP3 amplification curve, (B) Caspase-lmRNA amplification curve, (C) NLRP3
dissolution curve, (D) Caspase-|mRNA dissolution curve.
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Figure 8 The expression levels of NLRP3 and Caspase-1 mRNA in the tissues of mice in each group, (A) NLRP3 expression level, (B) Caspase-| mRNA expression level.

belongs in the categories of “kidney arthralgia” and “bone arthralgia” in TCM. Its treatment principle is mainly to
strengthen the body’s resistance, eliminate pathogenic factors, promote blood circulation and remove blood stasis. The
pathogenesis of AS involves kidney and Du meridian deficiency, yang qi insufficiency and external wind, cold and
dampness invasion, which retain in the muscles, bones and joints and lead to obstructed arteries and veins by internal
phlegm and blood stasis.'*!> Shentong Zhuyu Decoction is effective in promoting qi and relieving pain, reducing
inflammation and swelling, promoting blood circulation and resolving blood stasis, which is beneficial to joint pain and
lesion recovery.” In the present study, the active components of the 12 TCM materials in SZD were screened and 248
chemical components were discovered. Furthermore, 1068 drug targets were identified. The main pharmacological
components of this prescription included isocorallin, glypallichalcone, GA120, licochalcone A, xanthin, baicalein,
quercetin, medicarpin, kaempferol and diflucortolone valerate (DFV).

The GO enrichment analysis and KEGG pathway enrichment analysis showed that SZD played a role in the
development and progression of AS by participating in various biological processes and regulating multiple signalling
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Figure 9 Serum IL-1 in mouse tissues of each group B And IL-18 levels, (A) serum IL-1 B Level, (B) Serum IL-18 level.

pathways. Atherosclerosis is one of the serious complications caused by the inflammatory factors involving the heart and
blood vessels in AS.?' The development of atherosclerosis in patients with AS may be attributed to the high disease
activity and limited functions, and 25(OH)D3 deficiency is one of the risk factors for the accelerated development of
atherosclerosis.?* In addition, increased oxidative stress, elevated serum placental growth factor, soluble CD40 ligand
and thickened intima-media also serve as risk factors for accelerated atherosclerosis in male patients with active AS and
without typical cardiovascular risk factors.”> These findings are closely related to the terms found in the GO analysis in
the present study, including “response to lipopolysaccharides”, “steroid metabolism process”, “reactive oxygen species
metabolism process” and “response to toxic substances”. Regarding these risk factors, studies have found that whole-
body cryotherapy can reduce the levels of biomarkers for inflammation, oxidative stress and atherosclerotic plaques and
consequently slow down the progression of atherosclerosis in male patients with active AS and without typical
cardiovascular factors.>* Carotid atherosclerosis was significantly reduced in patients with AS treated with tumour
necrosis factor (TNF) antagonists compared with the healthy control group, indicating that this treatment plays an
important complementary role in reducing the progression of vascular disease; this may be explained by the effects of
TNF antagonists on the concentrations of oxidised low-density lipoprotein, f2-glycoprotein I and brain-type natriuretic
peptide.”>® These results are closely related to the “TNF signalling pathway”, “NF-kB signalling pathway”, and “NOD-
like receptor signalling pathway” identified in the enrichment analysis of the KEGG pathway in the present study. As
described above, the possible underlying mechanisms of SZD in the treatment of AS include relieving vascular
inflammation, softening the vascular walls and unblocking blood vessels to restore normal blood flow velocity (ie the
effect of “tonifying qi, warming meridians and harmonising blood and unblocking obstruction”), which reflect the TCM
theory that “if there is free flow, there is no pain”.

Molecular docking was carried out between the top 10 active components with the highest number of predicted
targets and the three genes with the highest scores in the core gene interaction network. Three bindings were found with
an absolute binding energy >7, namely glypallichalcone and NLRP3, quercetin and NLRP3 and kaempferol and NLRP3;
the best binding affinity was seen between quercetin and NLRP3, with an absolute binding energy of 9.1 kcal/mol.
Therefore, animal experiments were further conducted to explore and validate the mechanism of glypallichalcone,
quercetin and kaempferol in inhibiting the development of AS via the NLRP3/Caspase-1 pathway.

Ankylosing spondylitis is related to pyroptosis. Pyroptosis, also known as inflammatory cell death, is a significant
inflammatory response induced by cell swelling, cell rupture and release of cytoplasmic contents due to the formation of
cell membrane micropores.”’ The inhibition of NLRP3 inflammasome activation can prevent the occurrence of pyr-
optosis, and activation of NLRP3 inflammasome induces pyroptosis. When pyroptosis occurs, the cell membrane swells

28

and breaks,”® and the cellular contents, including inflammatory cytokines IL-1B and IL-18,%° are released into the

extracellular space. In addition, pyroptosis is Caspase-1-dependent,®® and the expression of caspase-1 significantly
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increases during pyroptosis.®' Baicalin, kaempferol and quercetin belong to flavonoids. Studies have shown that
flavonoids can inhibit the release of IL-1PB and IL-18 via the NLRP3/Caspase-1 pathway by enhancing cAMP-PKA
signalling to prevent pyroptosis. Recent studies®> have found that glypallichalcone is a potential antioxidant and anti-
inflammatory agent and is being widely investigated by researchers. Autophagy and activation of inflammasome are two
basic cellular responses to external stimuli. Some studies®> have shown that autophagy and inflammation interact with
each other and maintain a dynamic balance under various stresses. Furthermore, some studies*® have confirmed that
glypallichalcone can reduce inflammatory damage by promoting autophagy and mediating the inactivation of NLRP3
inflammasome. The results of animal experiments in the present study also demonstrated that the levels of NLRP3,
Caspase-1, IL-1p and IL-18 in the SZD treatment group were decreased compared with those in the AS model group,
which were consistent with the findings described above. These results indicated that SZD inhibited the development and
progression of inflammation by downregulating the levels of IL-1f and IL-18 via the NLRP3/Caspase-1 pathway.

There were some limitations in the present study. First, these are representatives of important active components of
SZC identified by the NP method, which cannot completely replace the efficacy of the prescription itself. Further in vitro
cell experiments are needed to confirm this mechanism. Second, investigations into the efficacy of SZD in the present
study were carried out at the animal experiment level, and further clinical studies are needed.

Conclusion

In summary, the active components of SZD, including baicalin, quercetin, kaempferol and glypallichalcone, may reduce
the levels of IL-1B and IL-18 through the NLRP3/Caspase-1 signalling pathway to inhibit the development and
progression of inflammation and play a role in the treatment of AS, providing a molecular basis for further studies of
TCM in the treatment of this disease.
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