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Purpose: Baicalin is a flavonoid of Scutellaria baicalensis Georgi. It possesses antipyretic, analgesic, and anti-inflammatory effects. It 
has great potential to treat gout. A network pharmacology approach, molecular docking and experimental validation were applied to 
investigate the pharmacological mechanisms of baicalin in treating gout.
Methods: The potential targets of baicalin were retrieved from the TCMSP, PharmMapper, STITCH, and Swiss Target Prediction 
databases. The gout-related targets were retrieved from the DrugBank, TTD, and Genecards databases. Then, the potential targets and 
signaling pathways were acquired via protein–protein interaction (PPI), as well as the Gene Ontology (GO) and the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis. Subsequently, the key targets were selected to dock with baicalin based on 
molecular docking. Finally, in vitro experiments were conducted to further validate the predictions.
Results: A total of 318 potential targets of baicalin and 752 gout-related targets were screened. TNF, VEGFA, MMP9, PTGS2, and 
TLR4 might be the hub therapeutic target genes. The TLR4/NF-κB signaling pathway might be the foremost pathway in baicalin 
against gout. Moreover, molecular docking showed that baicalin combined well with TNF, VEGFA, MMP9, COX-2, and TLR4, 
respectively. The results of cell experiments suggested that baicalin could reduce the levels of inflammatory cytokines by inhibiting the 
TLR4/NF-κB signaling pathway in MSU-stimulated THP-1 cells and regulate the expression of these hub targets.
Conclusion: These results revealed that baicalin possesses “multitarget, multipathway, multilevel” regulatory effects. From 
a therapeutic standpoint, baicalin may be a promising anti-inflammatory agent for alleviating gout.
Keywords: baicalin, gout, network pharmacology, molecular docking, in vitro experiments

Introduction
Gout is a purine metabolism disease that causes MSU (Monosodium Urate) crystals in the joint and its surroundings.1 

Gout attacks can cause severe pain and swelling in the joints. If gout were not treated properly, it can cause joint damage, 
kidney disease, and aggravate cardiovascular disease. With the development of society, the incidence of gout has been 
increasing year by year and threatens people’s health seriously.2,3 Previous studies have shown that the deposition of 
MSU crystals in the joints could trigger an acute inflammatory response.4 Inflammatory cytokines such as TNF-α (Tumor 
Necrosis Factor-α), IL-1β (Interleukin-1β), and IL-6 are released in large quantities, causing severe pain and systemic 
reactions.5 NSAIDs (Nonsteroidal Anti-inflammatory Drugs) colchicine, or other symptomatic treatments are often 
applied in the clinic.6 However, there is a high incidence of adverse reactions such as gastrointestinal reactions, liver 
and kidney damage, and allergic reactions.7–9 Recently, some studies suggested that natural compounds are expected to 
be formulated as therapeutic drugs for the treatment of gout.
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Baicalin is an effective component of Scutellaria baicalensis Georgi with a remarkable anti-inflammatory effect.10 

Wang YZ et al have shown that baicalin exhibited in vitro and in vivo efficacy against gouty arthritis.11 Another study 
indicated that baicalin suppressed MSU crystal-induced necrosis and IL-1β release in human THP-1 derived 
macrophages.12 These studies show that baicalin is a very potential drug for the treatment of gout. However, the 
mechanism of baicalin in the treatment of gout needs to be further explored.

From the perspective of the biological network of the system, network pharmacology determines the targets of the 
natural compounds and uses network analysis to establish the relationship between natural compounds and targets.13 

Network pharmacology clarifies the potential relationship between NPCs (Natural Phytochemical Compounds) and 
diseases and reveals the pharmacological mechanism of drugs. Molecular docking is a method for drug design based 
on the characteristics of receptors and the interaction between receptors and drug molecules.14 A theoretical simulation 
method that mainly studies the interactions between molecules (such as ligands and receptors) predicts their binding 
modes and affinities.15

Graphical Abstract

https://doi.org/10.2147/JIR.S480911                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 1544

Liu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Therefore, this study combined network pharmacology to explore the potential targets and mechanisms of baicalin in 
gout treatment. The predicting results were confirmed by molecular docking and in vitro experiments. The overall 
process of the study is shown in graphical abstract.

Materials and Methods
Collection of the Potential Targets of Baicalin
Basic information, such as mol2 format structure file, OB (Oral Bioavailability), a DL (Drug Like index), and potential 
targets of baicalin were obtained from the traditional Chinese medicine system pharmacology database (TCMSP: https:// 
tcmspw.com/tcmsp.php).16 In the form of ADME (absorption, distribution, metabolism, and excretion) processes, OB 
and DL are the two most important parameters to measure the pharmacokinetic process of drugs in vivo.15 Then, the 
mol2 format structure file was uploaded to the PharmMapper online service platform (http://www.lilab-ecust.cn/pharm 
mapper/) to predict the potential targets.17 In addition, the 2D structure of baicalin was obtained from the PubChem 
database (https://pubchem.ncbi.nlm.nih.gov/),18 and then imported to the STITCH (http://stitch.embl.de/)19 and Swiss 
Target Prediction (http://www.swisstargetprediction.ch/) databases20 to predict the potential targets. The target names 
were converted into official gene names through the UniProt database (https://www.uniprot.org/).21 The species was set 
to “Homo sapiens”.

Collection of Gout-Related Targets
Gout-related targets were retrieved from TTD (http://db.idrblab.net/ttd/),22 Drugbank (https://www.drugbank.ca/)23 and 
GeneCards24 (https://www.genecards.org/) (Relevance score ≥1.0). The target names were converted into official gene 
names through the UniProt database (https://www.uniprot.org/). The species was set to “Homo sapiens”. The targets 
collected from the above databases were merged and deduplicated.

Construction of PPI Network
Baicalin and gout-related targets were uploaded to OmicShare Tools25 (http://www.omicsshare.com/tools/index.php/) to 
draw a Venn diagram and obtain the common genes. The STRING database (https://string-db.org)26 was used to draw the 
PPI (protein–protein interactions) network. With the help of Cytoscape 3.7.2 software, topology analysis of the PPI 
network was carried out.27 Network topology eigenvalues, such as degree and betweenness centrality, were obtained. The 
hub genes were screened according to the parameters.28

Bioinformatic Annotation
The Ensembl ID of the common genes was obtained from the NCBI database (https://www.ncbi.nlm.nih.gov/). After that, 
the GO enrichment analysis was carried out via OmicShare Tools (http://www.omicsshare.com/tools/index.php/).29 

KEGG of the common genes. The threshold value of p < 0.05 was set. The first 10 of BP (Biological Process) items, 
CC (Cellular Composition) items, MF (Molecular Function) items, and the first 20 KEGG items were imported into 
OmicShare Tools for realize the visualization. Concurrently, the topology analysis of the relationship network of the top 
20 pathways was performed by Cytoscape 3.7.2 software.

Target-Pathway Network Construction
The top 20 enriched signaling pathways and their enriched targets were imported into Cytoscape 3.7.2. The “target- 
pathway” network diagram was drawn.

Molecular Docking
The PDB (Protein Data Bank) (https://www.rcsb.org/) database30 was used to retrieve the 3D structure files of the hub 
targets as the receptors. The 3D structure files and the mol2 format of baicalin were uploaded to iGEMDOCK software,31 

respectively. The files after molecular docking were visualized.
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Experiment Verification
Cell Culture, Differentiation and Intervention
THP-1 cells were purchased from the Shanghai Cell Bank of the Chinese Academy of Sciences. THP-1 cells cultured in 
RPMI-1640 medium (Gibco-BRL, China) containing 10% FBS (Fetal Bovine Serum) (Gibco-16000-044, China), 100 U/ 
mL penicillin and 100 μg/mL streptomycin (Solarbio, China). THP-1 cells in the logarithmic growth phase were treated 
with 100 ng/mL PMA (Sigma-Aldrich, USA) to induce their differentiation into M0 macrophages. The MSU group was 
stimulated with 200 ug/mL MSU (Sigma-Aldrich, USA) to simulate the inflammatory response of macrophages in gout. 
In the baicalin group, MSU-stimulated macrophages were given 10 uM/mL baicalin (MedChemexpress, USA). The cells 
were cultured in a 37°C, 5% CO2 cell incubator.

RNA Extraction and Quantitative Real-Time PCR (RT-qPCR)
TLR4, NF-κB/RELA, IL-1β, IL-6, TNF, VEGFA, MMP9 and PTGS2 mRNA were measured by RT-qPCR. After the 
intervention of each group, Trizol (Solarbio, China) was used to extract total RNA, which was reverse transcribed into 
cDNA using the QuantiTect Reverse Transcription Kit (Qiagen, Germany). RT-qPCR was performed using a BioEasy 
Master Mix SYBR Green Kit (Bioer Technology, China). The sequences of the primers used for RT-qPCR analysis are 
given in Table 1. The relative expression of the target mRNA was calculated by the formula 2-ΔΔCT.

Western Blot
After intervention, the culture medium in each group of culture dishes was aspirated and discarded. RIPA cell lysate was 
added, and cell proteins were extracted. Then, the protein concentrations were measured with the BCA Protein Assay Kit 
(CWBIOtech, China). Equivalent amount of protein from each group was separated by SurePAGETM gel (GenScript, 
China) and transferred to PVDF (polyvinylidene difluoride) membranes (Millipore, Billerica, MA). Subsequently, the 
PVDF membranes were incubated overnight with different primary antibodies against TLR4 (1: 1000 dilution, Abcam, 
UK), NF-κB p65 (1: 1000 dilution, Santa Cruz Biotechnology, USA), p-NF-κB p65 (1: 1000 dilution, Santa Cruz 
Biotechnology, USA), and GAPDH (1: 5000 dilution, Proteintech, USA) at 4°C, respectively. Following 3 washes, the 
membranes were incubated for 1 h with secondary horseradish peroxidase-conjugated antibody at room temperature. 
Immunolabelled protein bands were detected with ECL substrate (Engreen Biosystem, China). Semiquantitative analysis 
was performed by ImageJ software. Target protein levels were normalized against the GAPDH level.

Table 1 Index Primer Sequences

Gene Name Primer Sequences (5’–3’)

TLR4 Forward TGAGCAGTCGTGCTGGTATC

Reverse CAGGGCTTTTCTGAGTCGTC
RELA Forward AAGAAGCGGGACCTGGAGCA

Reverse GGGCACGATTGTCAAAGATGG

IL1B Forward CAAAGGCGGCCAGGATATAA
Reverse CTAGGGATTGAGTCCACATTCAG

IL6 Forward AACTCCTTCTCCACAAGCGCC

Reverse CCGTCGAGGATGTACCGAAT
TNF Forward AGGCAGTCAGATCATCTTCTCG

Reverse TATCTCTCAGCTCCACGCCAT
VEGFA Forward AGGGCAGAATCATCACGAAGT

Reverse AGGGTCTCGATTGGATGGCA

MMP9 Forward CCTGGAGACCTGAGAACCAA
Reverse AGTGTAACCATAGCGGTACAGG

PTGS2 Forward CCCTTGGGTGTCAAAGGTAA

Reverse GCCCTCGCTTATGATCTGTC
GAPDH Forward GGAGCGAGATCCCTCCAAAAT

Reverse GGCTGTTGTCATACTTCTCATGG
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Immunofluorescence
THP-1 cells were placed in 24-well plates and adhesion was induced. After treatment, the cells were fixed with 4% 
paraformaldehyde for 10 min and rinsed with cold PBS for 3 times. Then, 0.5% Triton X-100 (Solarbio, China) was 
added for 10 min and rinsed again. After blocking with 10% fetal bovine serum at 37°C for 1 hour, the p-NF-κB p65 
primary antibody (1:200 dilution, Cell Signaling Technology, USA) was incubated overnight at 4°C. The next day the 
cells were washed again with cold PBS 3 times. The cells were incubated with the same type of secondary antibody for 
30 minutes in the dark, stained with DAPI for 10 minutes, and then blocked. Images were detected with a fluorescence 
microscope.

Statistical Analysis
GraphPad Prism 8 software (San Diego, CA) was used to perform statistical analysis. Data were expressed as the mean ± 
standard deviation. P values were calculated by analysis of one-way ANOVA followed by Tukey post hoc tests as 
appropriate. Significance is determined at p < 0.05.

Results
Information and Potential Targets of Baicalin and Gout
The molecular ID of baicalin was MOL002776, OB is 40.12%, and DL is 0.75. Canonical SMILES:C1=CC=C(C=C1) 
C2=CC(=O)C3=C(C(=C(C=C3O2)OC4C(C(C(C(O4)C(=O)O)O)O)O)O)O, which was obtained from the PubChem 
database. The molecular structure of baicalin is shown in Figure 1. There were 300 targets predicted from the 
PharmMapper online server, 2 from the TCMSP database, 10 from the STITCH database, and 18 from the Swiss 
Target Prediction database. After eliminating duplicates, a total of 318 targets of baicalin were collected. Baicalin has the 
characteristic of multi-targets regulation. A total of 752 gout-related targets were collected after eliminating duplicates. 
A total of 114 gout-related targets were obtained from the Drugbank database, 18 from the TTD database, and 655 from 
the GeneCards database. The occurrence and development of gout are closely related to many targets.

Figure 1 Molecular structure of baicalin.
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Constructing PPI Network and Screening of Hub Targets
In this study, 53 common targets were obtained for baicalin and gout for further analysis (Figure 2A). Cytoscape 3.7.2 
was used to draw the PPI network diagram of common targets (Figure 2B). There were 51 nodes and 319 connections in 
the PPI network. The larger the node is, the darker the color, and the thicker the connection to other nodes, the more 
important the node is.

According to the main parameters of a topological analysis, TNF, VEGFA, MMP9, PTGS2, and TLR4, etc. might be 
considered the key targets. Baicalin may exert the therapeutic effect on gout by regulating the hub targets primarily. The 
main topological parameters of the top 20 targets are shown in Table 2.

Bioinformatic Annotation
GO and KEGG enrichment analyses were performed to identify the functional characteristics of the common genes. A total 
of 2799 GO items were enriched via OmicShare tools, including 2459 BP items, 97 CC items, and 243 MF items (p < 0.05). 
According to the p value from small to large, the top 10 items are shown through the enrichment circle graph. In BP items, 
regulation of response to external stimulus, inflammatory response, cell activation, etc. were the main enrichment items; CC 
items were mainly enriched in the extracellular region part, extracellular space, extracellular region, etc.; MF items were 
mainly concentrated in catalytic activity, identical protein binding, transmembrane receptor protein tyrosine kinase activity, 

Figure 2 Common targets of baicalin and gout and PPI network analysis. (A) venn diagram of baicalin and gout targets; (B) PPI network of baicalin in treating potential 
targets of gout).
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etc. (Figure 3A). The KEGG pathway was enriched to obtain 29 items (p < 0.05). The top 20 significantly enriched KEGG 
terms are shown in Figure 3B. The relationship between the top 20 enriched pathways was analysed by OmicShare tools and 
visualized by Cytoscape 3.7.2 (Figure 3C). Among them, 18 signaling pathways have connections with each other. 
According to the degree, the TLR4/NF-κB signaling pathway might be a significant pathway of baicalin in treating gout.

Target-Pathway Network
The first 20 KEGG pathways and their enriched targets were imported into Cytoscape 3.7.2 to draw the “target-pathway” 
network, which connected these potential targets, and corresponding pathways. The network involves 29 signaling 
pathway nodes, 31 target nodes and 165 edges. (Figure 3D) As seen in the figure, TNF, TLR4, PTGS2, etc. can be 
involved in mediating toll-like receptor signaling, NF-kappa B signaling pathway and other pathways. It reflects the 
multi-target and multi-pathway action characteristics of baicalin.

Molecular Docking
Molecular docking was carried out between TNF, VEGFA, MMP9, COX-2 (PTGS2), TLR4 and baicalin. The molecular 
structures of these targets can be found in the supplementary materials. The larger the absolute value of the docking affinity, 
the greater the binding capability between the active sites of targets and compounds. Baicalin could well combine with the 
hub targets, respectively. The molecular docking structures and energy are shown in Figure 4A-E and Table 3.

Baicalin Inhibits the Expression of Multiple Inflammatory Cytokines in THP-1 Cells
We first used RT-qPCR to examine the expression of inflammatory cytokines to evaluate the anti-inflammatory effect of 
baicalin. Compared with the control group, MSU could significantly upregulated the expression of IL-1β, IL-6, and TNF 
in THP-1 cells (*p < 0.05 compared with the control group). In comparison to the MSU group, baicalin greatly 
suppressed the expression of IL-1β, IL-6, and TNF (#p < 0.05 compared with the model group). (Figure 5A) These 
data suggested that baicalin could inhibit the MSU-induced inflammatory response in THP-1 cells.

Baicalin Regulates the TLR4/NF-κB Signaling Pathway in THP-1 Cells
Based on the KEGG enrichment and molecular docking results, we speculated that baicalin might attenuate MSU- 
induced inflammation by regulating the TLR4/NF-κB signaling pathway. To verify this hypothesis, we used RT-qPCR 
and Western blot to detect the expression of key proteins of this signaling pathway. After stimulation with MSU crystal, 
the relative mRNA levels of TLR4 and RELA, and the relative protein levels of TLR4, NF-κB p65, and p-NF-κB p65 in 
THP-1 cells were significantly increased (p < 0.05). Baicalin significantly decreased their levels (p < 0.05). (Figure 5B 
and C) In addition, the immunofluorescence results were consistent with the Western blot results. BA treatment blocked 
the MSU-activated NF-κB signaling pathway, as evidenced by the reduced fluorescence intensity of p-NF-κB p65 
in the nucleus (Figure 5D). The data above indicated that baicalin could inhibit the TLR4/NF-κB signaling pathway 
activated by MSU in THP-1 cells.

Table 2 Topological Parameters of the Top 20 Genes in the PPI Network

Targets Degree Betweenness Closeness Targets Degree Betweenness Closeness

TNF 41 550.632 0.833 MMP1 17 8.533 0.568
VEGFA 34 259.646 0.746 MMP3 16 6.747 0.562

MMP9 32 141.742 0.694 NOS2 16 23.677 0.562

PTGS2 29 146.076 0.676 PPARG 15 14.127 0.556
TLR4 27 95.624 0.667 FOXP3 15 10.523 0.562

IL17A 26 70.147 0.658 JAK2 15 18.357 0.562

TLR2 23 42.345 0.633 MMP13 14 4.516 0.543
SRC 26 223.165 0.649 SELP 14 32.233 0.556

MAPK14 20 24.952 0.588 ADAM17 13 6.822 0.549
CCL5 21 48.303 0.602 KIT 13 39.022 0.562
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Baicalin Inhibits the Expression of the Hub Targets in THP-1 Cells
At last, the expression of other hub targets (VEGFA, MMP9, and PTGS2) were further detected by RT-qPCR. The results 
showed VEGFA, MMP9, and PTGS2 mRNA levels were significantly up-regulated after MSU stimulation (p < 0.05), 
while MSU+BA group significantly decreased (p < 0.05). (Figure 6) The results showed that the hub targets screened 
above may play biological roles in gout and that baicalin has a regulatory effect on them.

Discussion
With the improvement of modern medicine, the understanding of the pathogenesis of gout has gradually deepened. 
However, gout treatment still faces challenges. Thus, new drugs for gout therapy should be developed. A study results 
showed that the extracts from Scutellaria baicalensis Georgi could alleviate MSU crystal-induced inflammation.32 The 
flavonoids, baicalin and its aglycone, baicalein 2 are found in Scutellaria baicalensis Georgi. The antioxidant and anti- 

Figure 3 GO and KEGG enrichment analysis of potential targets from the baicalin for treatment of gout. (A) GO enrichment circle diagram. From outside to inside, the first 
circle is the ID of the item, different colors represent different classifications; At the second circle, the number and p value of the classification in the total gene; The longer 
the bars, the more genes, and the smaller the p value, the redder the color; The third circle are the number of scene genes; The fourth circle is the Richfactor value of each 
category; (B) bubble diagram of the top 20 significant KEGG enrichment terms. The larger size of a bubble indicates the larger number of genes in the item, and the redder 
color of a bubble stands for the lower the p value; (C) KEGG enriched pathway network diagram; The node represents the signaling pathway, and the line represents the 
crosstalk relationship between signaling pathways. (D) The enriched pathway-targets network diagram. Circular nodes represent targets, irregular nodes represent signaling 
pathways. The line represents the enrichment relationship between target and pathway).
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inflammatory effects of baicalin have been demonstrated in inflammatory disorder models including gout.33 In ADME 
processes, NPCs with OB ≥ 30% and DL ≥ 0.18 were considered good pharmacokinetically active components.34 The OB 
of baicalin is 40.12%, and the DL is 0.75. This indicates that baicalin has good pharmacological activity. A Venn diagram 
showed that there were 53 common genes between baicalin and gout. This indicates that baicalin might alleviate gout by 
regulating the 53 common targets. To further explore the mechanism of baicalin in the treatment of gout, bioinformatics 
analysis was carried out.

PPI topology analysis showed that there was a close and complex relationship between the 53 common genes. TNF, 
VEGFA, MMP9, PTGS2, and TLR4 might be the most important targets of baicalin in gout treatment. TNF-α is 
a proinflammatory factor mainly secreted by macrophages and is widely involved in inflammatory responses.35 Zhou 
M et al found that the expression level of TNF-α was significantly increased in the local inflammatory response in an 
MSU crystal-induced rat gout model.36 MMP9 belongs to the MMP family, which degrades the extracellular matrix. 
MSU crystals could upregulate the expression of MMP9 in macrophages. This can reflect the joint pathological status of 
patients with gouty arthritis.37 COX-2 (Cyclooxygenase-2), also known as PTGS2 (prostaglandin endooxidase reduc-
tase 2), is a key enzyme that catalyzes the conversion of arachidonic acid into prostaglandins and plays an important 
biological role in inflammatory diseases.38 A systematic review summarized that selective COX-2 inhibitors may, next to 
their pain killing properties, act in a chondroprotective manner in vivo.39 MSU crystals were injected into the ankles of 
rats to replicate the gout disease model, and increased expression of COX-2 was observed.40 This suggests that COX-2 
might mediate pain attacks and cartilage injuries in gout. TLR4 is a key regulator of innate and adaptive immune 

Figure 4 Schematic diagram of docking results. (A). Baicalin-TNF; (B) Baicalin-VEGFA; (C) Baicalin-MMP9; (D) Baicalin-COX2; (E) Baicalin-TLR4).

Table 3 Molecular Docking Energy Scores of Baicalin and Target Proteins

Targets Ligand TotalEnergy VDW HBond Elec AverConPair

TNF 3lea −121.370 −84.602 −35.908 −0.860 20.091

VEGFA 5o4e −107.172 −54.697 −49.853 −2.623 14.758

MMP9 1l6j −107.643 −79.090 −27.198 −1.355 17.121
COX-2 5f19 −83.365 −67.812 −15.553 0 14.182

TLR4 5uc8 −123.851 −86.888 −37.317 0.354 22.333
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responses and plays a crucial role in amplifying inflammatory responses. A study suggested that intra-articular injection 
of MSU in mice increased IL-1β release mediated by TLR4 activation, causing severe pain and an inflammatory 
response.41 VEGFA plays an important biological role in angiogenesis and endothelial cell growth. A genome-wide 
association analysis identified VEGFA associated with serum urate concentrations, which could cause gout.42 It is 
speculated that baicalin not only relieves gout inflammation but also has a beneficial effect on the repair of gout 

A B

C
p-NF-κB p65

NF-κB p65

TLR4

GAPDH

D
DAPI p-NF-κB p65 Merge

Ctrl

MSU

MSU+BA

Figure 5 Anti-inflammatory effects of baicalin on MSU-induced inflammation in THP-1 cells (A) RT-qPCR results for baicalin regulatory effect of reducing the mRNA level of 
IL-1β, IL-6, and TNF; (B) RT-qPCR results for baicalin regulatory effect of reducing the mRNA level of TLR4 and RELA; (C) Baicalin inhibits the expression of the TLR4/NF- 
κB by Western blot; (D) Effect of baicalin on the nuclear translocation of NF-κB p65. *Compared with the control group, p<0.05; # Compared with the MSU group, p<0.05. 
Positive cells were indicated by yellow arrows).
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pathological damage. Previous studies have shown that MSU crystal can activate inflammatory signaling pathways, 
resulting in the massive release of inflammatory cytokines.43,44 Subsequently, the release of inflammatory cytokines 
induced vasodilation, promoted the rapid accumulation of neutrophils and upregulated neuron-mediated inflammatory 
pain sensitivity, causing vascular endothelial injury.45–47 These results are consistent with the results of the PPI analysis.

The GO and KEGG analyses demonstrated that baicalin might regulate a variety of biological processes and signaling 
pathways in gout. Further analysis illustrated that multiple target genes could be found in any enriched signaling 
pathway, and a gene could be enriched in different signaling pathways. Interestingly, most of the signaling pathways 
interacted with each other. Among these enriched main signaling pathway networks, the TLR4 signaling pathway might 
play the most critical role. NF-κB is a transcription factor downstream of TLR4. When stimulated by inflammatory 
mediators, NF-κB is activated by phosphorylation and enters the nucleus to play a role in transcriptional regulation.48 

The TLR4/NF-κB signaling pathway was activated in gout mice, and promoted the inflammatory response by releasing 
extensive inflammatory factors such as IL-1β, IL-6, and TNF-α.44 And acute gouty arthritis could be alleviated in rats by 
inhibiting inflammation via the TLR4/NF-κB pathway.49 It was also confirmed by the in vitro experiment of this study. It 
has been proven that inflammation often induces severe local tissue hypoxia. Cells sense and respond to hypoxia through 
the activity of the transcription factor hypoxia-inducible factor (HIF) and its regulatory hydroxylases.50 In the MSU 
crystal-induced peritonitis mouse model, the peritoneal macrophages showed significantly increased mRNA levels of 
HIF-1α.51

Another study indicated that NF-κB, which plays a central role in the inflammatory response, was involved in the 
increased expression of HIF-1α in AKI. Mechanistically, NF-κB directly bound to the HIF-1α promoter and enhanced its 
transcription.52 Furthermore, LPS-induced NF-κB activation could be inhibited via the PI3K/Akt pathway.53 The 
pathogenesis of gout involves multiple-signal transduction pathways, and there is a relationship between them.

Molecular docking results indicated that baicalin could stably bind to the hub targets, thereby exerting 
a pharmacological effect on relieving gout, and it is a good idea for baicalin to treat gout through the predicted targets. 
And the results of in vitro experiments also confirmed that baicalin could inhibit the increased expression of these hub 
targets induced by MSU crystal. This study provides evidence that the prediction results based on network pharmacology 
are reliable.

Our previous study has confirmed that targets such as IL-1 β, NFKBIA, IL-6, TNF - α, and MMP9 are important 
targets for mediating gouty joint inflammation. And Its anti-inflammatory mechanism in treating gout involves the NF- 
κB p65 signaling pathway.54 We further verified the prediction results of network pharmacology through in vitro 
experiments. THP-1 cells were induced by MSU crystal to simulate the inflammatory response in gout. Baicalin inhibited 
the expression of TLR4, RELA, IL-1β, IL-6, and TNF mRNA, reduced the protein levels of TLR4, NF-κB p65, and 
p-NF-κB p65, and inhibited p65 activation. It is suggested that baicalin could inhibit the TLR4/NF-kB signaling pathway 
to play an anti-inflammatory role.

However, the present study has several limitations. First, the database is limited and it is impossible to predict all 
potential targets of baicalin. Second, although we have performed molecular docking, it still cannot meet the needs of 
some specific in vivo biological processes and high-precision calculations. Third, neither network pharmacology, 

Figure 6 Regulatory effects of baicalin on the expression of hub targets in MSU-stimulated THP-1 cells (RT-qPCR results for baicalin regulatory effect of reducing the mRNA 
level of VEGFA, MMP9, and PTGS2. *Compared with the control group, p<0.05; # Compared with the MSU group, p<0.05).
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molecular docking nor in vitro experiments can predict the in vivo metabolism and efficacy of baicalin. Therefore, it is 
highly necessary to conduct further in vivo experiments and clinical trials.

Conclusion
Based on the network pharmacology, molecular docking analysis, and experimental validation, the potential mechanism 
of baicalin in gout treatment involves the regulation of various signaling pathways and targets. The anti-inflammatory 
effects of baicalin in gout might inhibit the release of inflammatory cytokines including IL-1β, IL-6, and TNF-α and 
regulate the TLR4/NF-κB signaling pathways. Moreover, baicalin could regulate the expression of COX-2, VEGFA, 
MMP9, etc., which may be beneficial for reducing gout symptoms and facilitating tissue recovery. These issues need 
further research to be explored. Overall, the obtained results suggested that baicalin might be used as a promising 
therapeutic agent and provide additional evidence for the promotion of the wide use of baicalin in the clinic for the 
treatment of gout.
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