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Abstract. Baicalin has protective effects against a range 
of cardiovascular conditions, such as myocardial isch‑
emia‑reperfusion injury, cardiac dysfunction, and apoptosis 
in cardiomyocytes. However, the underlying protective 
mechanisms in diabetic cardiomyopathy (DCM) remain 
unclear. The present study aimed to investigate the specific 
molecular mechanism activated by baicalin to ameliorate 
DCM. The effects of baicalin were investigated in vitro and its 
potential targets and pathways were identified using network 
pharmacology, molecular docking, echocardiography, reverse 
transcription PCR, ELISA, histopathology, immunofluores‑
cence staining and western blotting. Baicalin significantly 
alleviated high‑glucose (HG)‑induced injury in H9c2 cells by 
inhibiting fibrotic markers, inflammatory factors and pyrop‑
tosis. Moreover, protein tyrosine phosphatase non‑receptor 
type 22 (PTPN22) and tumor necrosis factor (TNF) were 
identified as crucial targets for baicalin. Molecular docking 
indicated that baicalin exhibited a strong binding affinity 
for PTPN22 and TNF. Baicalin successfully suppressed 
HG‑induced pyroptosis, inflammation and fibrotic markers in 
addition to inhibiting the activation of TNF‑α and PTPN22 
signaling pathways. In addition, PTPN22‑small interfering 
RNA treatment modulated pyroptosis in vitro. The present 
study offers insight into the key therapeutic mechanisms 
activated by baicalin, and its potential therapeutic targets, 
PTPN22 and TNF‑α.

Introduction

Diabetic cardiomyopathy (DCM) is a distinct, chronic compli‑
cation of diabetes, particularly in patients with long‑standing, 

poorly controlled hyperglycemia, and is a notable cause of 
heart failure and cardiovascular disease (CVD), character‑
ized by pathological changes of the cardiac structure and 
function. It occurs independently of other cardiovascular risk 
factors, such as hypertension or coronary artery disease (1)1 
and contributes to CVD‑induced mortality and morbidity 
in diabetic patients  (2). During the early stages of CVD, 
increased lipid metabolism and impaired glucose metabolism 
are initiated, which induce excessive oxidative stress and 
inflammation. Excessive reactive oxygen species production 
and the activation of excessive oxidative stress and inflam‑
mation lead to myocardial damage and remodeling, typically 
impairing the diastolic function first. With the progression of 
the disease, systolic dysfunction develops and heart failure 
occurs (3).

Scutellaria baicalensis Georgi, particularly its primary 
active flavonoid, baicalin¸ offers therapeutic effects against 
cardiotoxicity (4), myocardial ischemia (5), obesity‑induced 
cardiac dysfunction (6) and autoimmune myocarditis (7)‑ and 
doxorubicin‑induced cardiotoxicity (8). S. baicalensis can 
treat CVD by specifically inhibiting apoptosis, decreasing 
oxidative stress and inflammation and preventing cardiac 
fibrosis (9‑11). It targets pro‑inflammatory markers (TNF‑α, 
IL‑6, IL‑1β and IL‑8) while increasing the levels of the 
anti‑inflammatory cytokines (IL‑10) in myocardial tissues, 
which results in improved cardiac function (12). Baicalin 
protects against DCM by acting on multiple, complex and 
interrelated pathways rather than a single target  (13,14). 
Therefore, key pathways and therapeutic targets involved 
in its mechanism of action require a more comprehensive 
investigation and further exploration.

Network pharmacology is an accessible method for system‑
atically identifying multi‑target and ‑pathway mechanisms 
of drug action and is used in numerous studies to determine 
active compounds and underlying mechanisms  (15,16). It 
enables the identification of potential drug‑target‑disease 
interactions, facilitating the exploration of novel therapeutic 
applications. The present study employed the network pharma‑
cology approach to evaluate the therapeutic action of baicalin 
on DCM, focusing on the interactions between candidate 
drug‑ and disease‑related targets (17). Furthermore, the poten‑
tial molecular mechanism of action underlying the protective 
effects of baicalin on DCM was explored using network 
pharmacology and in vitro assessments.
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Materials and methods

Common target of baicalin and DCM prediction. Swiss target 
prediction (swisstargetprediction.ch/) was used to discover 
potential targets for baicalin. The candidate genes of DCM 
were screened from the Comparative Toxicogenomics Database 
(ctdbase.org) and the GeneCards database (genecards.org/). 
The threshold for inclusion was set at an inference score >30. 
Duplicate targets were eliminated, and the shared targets were 
entered into the Venny diagram 2.1 online platform (bioin‑
fogp.cnb.csic.es/tools/venny/index.html.) to visualize the 
overlapping targets. Potential candidate targets were imported 
into the WebGestalt server (version 2024; webgestalt.org/) for 
Gene Ontology (GO) (18) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analyses (kegg.jp/KEGG).

Molecular docking. Molecular docking analysis was 
performed as previously described  (19). The 2D chemical 
structure of baicalin was retrieved from the PubChem 
(pubchem.ncbi.nlm.nih.gov) database and prepared for 
molecular docking by adding hydrogen atoms, followed by 
free energy minimization using the CB‑Dock2 platform 
(2022; cadd.labshare.cn/cb‑dock2/php/index.php). The crystal 
structures of protein tyrosine phosphatase non‑receptor 
type 22 (PTPN22) and tumor necrosis factor (TNF)‑α were 
retrieved from the Protein Databank (rcsb.org/) and modified 
by adding hydrogen atoms and eliminating water molecules. 
The CB‑Dock2 platform was used to calculate the binding 
affinity energy. PyMol software (version 2.6; pymol.org/) 
and BIOVIA Discovery Studio Visualizer (version  2021; 
discover.3ds.com/discovery‑studio‑visualizer‑download) were 
used to visualize the interactions between the ligand and 
receptor molecules.

Culture of H9c2 cardiomyocyte cells and small inter‑
fering (si)RNA transfection. H9c2 (Cellverse Co., Ltd.) 
cells were cultured in DMEM (HyClone; Cytiva) with 10% 
fetal bovine serum (Sigma‑Aldrich; Merck KGaA) and 1% 
penicillin‑streptomycin and were maintained at 37˚C in a 5% 
CO2 environment. The cells were grouped as follows: Control 
(5.5 mM glucose), high‑glucose (HG; 33 mM glucose), HG + 
with low‑dose baicalin (50 µM; HG + BL), HG + high‑dose 
baicalin (100 µM; HG + BH) and HG + PTPN22‑siRNA. All 
treatment was performed at 37˚C for 24 h. Cells were trans‑
fected with siRNA (Shanghai GenePharma Co., Ltd) once they 
reached a confluence of 60‑80%. Lipo3000‑B reagent was 
diluted with Opti‑MEM (Gibco; Thermo Fisher Scientific, Inc.) 
and mixed thoroughly. siRNA (Table SI) was diluted to 50 nM 
with Opti‑MEM. Lipo3000‑A reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.; cat. no. L3000001) and Lipo3000‑B 
reagent were added at room temperature for 5‑15 min. The 
contents of the tubes were added to the cells. The cell culture 
medium was replaced with normal medium for subsequent 
experiments 6 h after transfection. The samples were collected 
48 h later for subsequent experimental detection.

Cell viability. Cell viability was detected using Cell Counting 
Kit‑8 (Abbkine Scientific Co., Ltd.), according to the manu‑
facturer's instructions. After being exposed to baicalin (50 or 
100 µM) for 48 h at 37˚C, CCK‑8 solution was added for 1 h at 

37˚C. The absorbance of the resulting solution was evaluated 
with a microplate reader at a wavelength of 450 nm.

Calcein‑AM staining. Staining of cells was performed 
according to the manufacturer's instructions of the Calcein‑AM 
staining kit (Beyotime) at 37˚C in the dark for 30 min. After 
incubation, fluorescence can be directly detected using a fluo‑
rescence microplate reader (excitation wavelength: 494 nm, 
emission wavelength: 517 nm).

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from cells using the Total RNA Isolation 
Kit (cat. no. RE‑030111, Fuji) according to the manufac‑
turer's instructions. Total RNA were reverse‑transcribed into 
complementary DNA using the 1st Strand cDNA Synthesis 
Kit (cat.  no. KY01, KeyCloud Biotech), according to the 
manufacturer's protocol. RT‑qPCR was performed on an ABI 
QuantStudio™ 12 K Flex real‑time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) using the 2x SYBR Green qPCR Master Mix 
(cat.  no.  KY02, KeyCloud Biotech, China). The primer 
sequences for collagen  I, transforming growth factor‑β1 
(TGF‑β1), connective tissue growth factor (CTGF), C‑C 
motif chemokine ligand  20 (CCL20), colony‑stimulating 
factor 1 (CSF1), CSF2, and the housekeeping gene glyceral‑
dehyde‑3‑phosphate dehydrogenase (GAPDH) are listed in 
Table SII. Thermocycling conditions were as follows: initial 
denaturation at 95˚C for 30 sec, followed by 40 cycles of dena‑
turation at 95˚C for 5 sec and combined annealing/extension 
at 60˚C for 30 sec. Relative mRNA expression levels were 
quantified using the 2-ΔΔCq method with GAPDH as the 
endogenous reference gene (20). All target gene expression 
levels were normalized to the average value of the control 
group.

Apoptosis analysis. Cell apoptosis was assessed using the 
TUNEL assay kit (cat. no. KTA2011; Abbkine Scientific Co., 
Ltd.) according to the manufacturer's instructions. Cells were 
fixed with 4% paraformaldehyde at room temperature for 
30 min and rinsed with PBS for 5 min, followed by permea‑
bilization using 0.02 µg/µl proteinase K. TUNEL detection 
solution was then applied for 10 min at room temperature. 
slides were washed by PBS at room temperature twice for 
5 min each time. Nuclei were stained with 0.05 µg/µl DAPI 
solution at room temperature for 10 min in the dark. Mounting 
medium was antifade mounting medium (Beijing Solarbio 
Science & Technology Co., Ltd.). A fluorescence microscope 
was used to determine the proportion of TUNEL‑positive cells 
(UltraVIEW VoX & IX81, Olympus Corporation). 3 fields of 
view were randomly selected in each group.

Immunofluorescence staining analysis. Cells were fixed 
with 4% paraformaldehyde at room temperature for 15 min. 
Heat‑induced antigen retrieval at 100˚C was performed, 
followed by washing with PBS (pH  7.4). The slices were 
treated with 3% BSA (Sigma) at room temperature for 
2  h and incubated with primary antibody (GSDMD‑N, 
Proteintech, cat. No 66387‑1‑Ig, 1:200) overnight at 4˚C and 
FITC‑labeled goat anti‑mouse IgG (1:10,000; cat.no A0568; 
Beyotime Biotechnology) for 1 h at room temperature. DAPI 
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was added in the dark at room temperature for 5 min. Images 
were captured by a Nikon fluorescence microscope (NIKON 
ECLIPSE TI‑SR, Nikon Corporation). Image analysis was 
performed using ImageJ software (version 1.54k, National 
Institutes of Health).

Western blotting. Protein was extracted from cells using 
RIPA lysis buffer (cat. no. BL504A; Biosharp) supplemented 
with phosphatase and protease inhibitors. The protein 
concentrations in the supernatants were assessed by the 
BCA Protein Assay kit (Beyotime Biotechnology). Equal 
amounts of proteins (50 µg/lane) were separated using 10‑12% 
SDS‑PAGE, transferred to a PVDF membrane, blocked with 
5% BSA (Sigma‑Aldrich; Merck KGaA) at room tempera‑
ture for 2 h and then incubated with primary antibodies as 
follows: CTGF (cat.  no.  25474‑1‑AP; 1:2,000), collagen  I 
(cat. no. 67288‑1‑Ig; 1:1,000), TGF‑β (cat. no. 21898‑1‑AP; all 
Proteintech Group, Inc.; 1:2,000), GSDMD (gasdermin D)‑N 
(cat. no. bs‑14287R; BIOSS), PTPN22 (cat. no. 11783‑1‑AP; 
both 1:1,000), apoptosis‑associated speck‑like protein 
containing a CARD (ASC; cat.  no.  10500‑1‑AP; both 
Proteintech Group, Inc.; 1:20,000), NLRP3 (cat. no. ab263899; 
Abcam), Caspase‑1 (cat. no. AF5418; Affinity Biosciences; 
both 1:1,000), IL‑1β (cat. no. 16806‑1‑AP; 1:5,000), IL‑18 
(cat. no. 10663‑1‑AP; 1:10,000), TNFα (cat. no. 17590‑1‑AP; 
1:1,000), phosphorylated (p‑)p38, p38 (cat. no. 28796‑1‑AP 
and 66234‑1‑Ig; both 1:3,000), p‑ERK, ERK (cat. nos. 
28733‑1‑AP and 16443‑1‑AP; all Proteintech Group, Inc.; both 
1:2,000), p‑JNK, JNK (cat.  no. ABP50351and ABP51663; 
both Abbkine Scientific Co., Ltd.; both 1:1,000) and GAPDH 
(cat. no. 60004‑1‑Ig; Proteintech Group, Inc.; 1:50,000) at 4˚C 
with gentle shaking overnight. Immunoreactive bands were 

revealed by HRP‑conjugated anti‑rabbit or anti‑mouse IgG 
(Beyotime Biotechnology; cat. no. A0208 and A0216; 1:1,000) 
for 1h at room temperature. Protein bands were visualized 
with an enhanced chemiluminescence (ECL) kit (Abbkine). 
Protein bands were detected and analyzed by fully automatic 
chemiluminescence imaging system (5200Multi, Tanon). 
Densitometry was analyzed by Tanon GIS 1D (version 4.2; 
5200Multi, Tanon).

Statistical analysis. All data are presented as the mean ± 
standard deviation of three independent experimental repeats 
and were analyzed with GraphPad Prism 9.5 (Dotmatics). 
Data were analyzed by one‑way ANOVA followed by Tukey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Potential targets of baicalin against DCM. A total of 138 
common targets associated with DCM and 100 targets associ‑
ated with baicalin were identified (Table SIII). PTPN22 and 
TNF were shared targets between baicalin and DCM (Fig. 1A). 
KEGG) analysis did not identify any significant pathways 
associated with the effects of baicalin on DCM (Fig. 1B).

Molecular docking. Baicalin exhibited a binding affinity 
of ‑9.5 kcal/mol for PTPN22 (Fig. 1C). Based on 3D and 
2D interaction analysis, baicalin had a strong affinity 
for PTPN22, with key residues GLU50, PRO45, THR43, 
THR46, TYR38, SER35, PRO270, LYS32, ILE63 and ASP62 
facilitating stabilization primarily through van der Waals 
interactions. Additionally, baicalin formed stable hydrogen 

Figure 1. Network pharmacology and molecular docking analysis of the mechanisms of baicalin in the treatment of DCM. (A) Venn diagram showing the 
key targets of baicalin in DCM treatment. (B) Kyoto Encyclopedia of Genes and Genomes enrichment analysis of signaling pathways involved. Molecular 
docking analysis of the binding sites between baicalin and (C) PTPN22 and (D) TNF‑α. DCM, diabetic cardiomyopathy; PTPN, protein tyrosine phosphatase 
non‑receptor type; FDR, false‑discovery rate.
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bonds with TYR44, TYR66, SER271 and LYS39. The stable 
binding of baicalin to PTPN22 involved π‑alkyl interactions 
with LYS39 and π‑sigma interactions with LYS42. However, 
an unfavorable donor‑donor interaction was found with the 
ARG266 residue. Baicalin demonstrated a binding affinity of 
‑8.0 kcal/mol for TNF (PDB ID: 5MU8; Fig. 1D). The 3D 
and 2D interaction maps indicated that baicalin bound TNF 
primarily through van der Waals interactions, with key resi‑
dues including TYR151, TYR59, GLY121, ILE58, GLY122, 
ILE155, LEU120, TYR119, LEU94 and GLY122 forming the 
binding pocket. The stable binding of baicalin to TNF was 
achieved through hydrogen bonds with TYR119 and GLY121. 
Additionally, the stable binding involved π‑alkyl interactions 
with the residues LEU57 and LEU57. Finally, baicalin inter‑
acted with TNF through π‑π T‑shaped interactions with the 
TYR59 and TYR119 residues.

Baicalin suppresses the secretion of HG‑induced fibrotic and 
inflammatory markers in vitro. Western blot and RT‑qPCR 
analyses of H9c2 cell lysates demonstrated that HG signifi‑
cantly elevated the expression levels of fibrotic markers, such 
as collagen  I, TGF‑β and CTGF (Fig.  2A‑G), as well as 
inflammatory markers, including CCL20, CSF1, and CSF2 
(Fig. 2H‑J). However, BH significantly counteracted these 
changes compared with HG group.

Baicalin mitigates HG‑induced pyroptosis in vitro. Fig. 3A 
displays HG‑induced characteristic morphological changes in 
H9c2 cells, including swelling and rupture of the cell membrane. 
Calcein‑AM staining revealed increased membrane damage 
resulting from HG exposure (Fig. 3B and H). CCK‑8 assay 
showed that baicalin protected H9c2 cells against HG‑induced 
cell death (Fig.  3G), a finding corroborated by TUNEL 

Figure 2. Baicalin suppresses HG‑induced release of fibrotic and inflammatory markers in H9c2 cells. (A) Western blotting analysis of (B) collagen I, 
(C) TGF‑β and (D) CTGF protein expression in H9c2 cells challenged with HG (33 mM glucose) in the presence or absence of baicalin (BL: 50 µmol; BH: 
100 µmol) for 24 h. Quantitative analysis of (E) collagen I, (F) TGF‑β, (G) CTGF, (H) CCL20, (I) CSF1 and (J) CSF2 mRNA levels detected by reverse 
transcription‑quantitative PCR. *P<0.05 vs. Control; #P<0.05, ##P<0.05 vs. HG. HG, high‑glucose; CTGF, connective tissue growth factor; BL, baicalin low; 
BH, baicalin high; CCL, C‑C motif chemokine ligand; CSF, colony stimulating factor.
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Figure 3. Baicalin mitigates HG‑induced pyroptosis in H9c2 cells. (A) Morphological changes of H9c2 cells treated with HG or baicalin (BL: 50 µmol/l; BH: 
100 µmol/l) for 24 h. Scale bar, 50 µm. (B) Calcein‑AM, (C) TUNEL and (D) immunofluorescence staining of H9c2 cells. Scale bar, 20 µm. (E) Western 
blotting of (F) GSDMD‑N protein expression. (G) Cell viability detected by Cell Counting Kit‑8 assay. Quantitative analysis of (H) Calcein‑AM staining, 
(I) TUNEL‑positive cells and (J) GSDMD‑N immunofluorescence staining. *P<0.05 vs. Control; #P<0.05, ##P<0.05 vs. HG. HG, high‑glucose; GSDM, 
gasdermin; BL, baicalin low; BH, baicalin high.
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staining (Fig. 3C and I). Additionally, baicalin was found to 
reduce the expression of the pyroptosis marker‑GSDMD‑N, 
increased by exposure to HG (Fig. 3D‑F and J).

Baicalin inhibits the activation of the TNF and PTPN22 
signaling pathways induced by HG in  vitro. The present 
study aimed to verify the effects of baicalin on the TNF 
and PTPN22 signaling pathways in vitro. BH decreased the 
elevated TNF‑α expression as well as p38, ERK and JNK 
phosphorylation levels compared with HG (Fig. 4A‑E). BH 
significantly decreased the elevated expression levels associ‑
ated with the PTPN22 signaling pathway, including PTPN22, 
NLRP3, ASC, caspase, IL‑1β, and IL‑18 compared with HG 
group (Fig. 4F‑L).

PTPN22 inhibition attenuated HG‑induced pyroptosis 
in vitro. The role of PTPN22 in HG‑induced pyroptosis was 
investigated by PTPN22‑siRNA transfection. The successful 
knockdown of PTPN22 in cells was confirmed by western blot 
analysis (Fig. S1). Based on the results, the siRNA PTPN22#2 
was selected for subsequent studies. Based on the findings 
from the morphological analysis (Fig. 5A) and Calcein‑AM 
(Fig.  5B and  L) staining, HG‑induced cell swelling and 
membrane rupture were reduced when PTPN22 was silenced. 
PTPN22‑siRNA decreased cell apoptosis (Fig. 5C and M) and 
the expression of GSDMD‑N (Fig. 5D and N). Additionally, 
PTPN22 inhibition effectively blocked the NLRP3 signaling 
pathway (Fig. 5E‑K).

Discussion

The present study investigated the underlying mechanisms 
of the protective effects of baicalin against DCM. Using 
network pharmacology, two important targets linked to 
baicalin‑induced therapeutic effects on DCM were identi‑
fied, namely, PTPN22 and the TNF‑α pathway. The binding 
interactions of baicalin with PTPN22 and TNF‑α were 
confirmed using molecular docking. Baicalin was shown to 
protect against HG‑induced injury by inhibiting the pyroptosis 
pathway, decreasing inflammation and mitigating fibrotic 
responses. It serves as a therapeutic agent by blocking the 
activation of TNF and PTPN22 pathways. Furthermore, the 
inhibition of PTPN22 suppresses this detrimental signaling, 
decreasing HG‑induced pyroptosis and cellular damage.

DCM is characterized by structural and functional abnor‑
malities, including inflammation, oxidative stress, cardiac 
lipotoxicity, mitochondrial dysfunction and endoplasmic 
reticulum stress (21), which collectively cause cardiomyocyte 
death and fibrosis. These processes lead to left ventricular 
remodeling and decreased ejection fraction, typically resulting 
in severe heart failure and high mortality rates (22). Numerous 
studies have demonstrated that diabetes mellitus increases 
both the susceptibility and incidence of heart failure by 
around 2.5‑fold; notably, this figure doubles in female patients, 
irrespective of age and accompanying conditions such as 
coronary artery disease and dyslipidemia  (23‑27). In vivo 
studies have shown baicalin‑induced therapeutic effects 
against DCM, revealing that it improves cardiac function in 
DCM via the regulation of autophagy (28,29). Baicalin is also 
reported to treat DCM by reducing activation of the purinergic 

receptor P2Y, G Protein Coupled 12 receptor and NRF2/P62 
in vivo (30,31). However, the mechanisms by which baicalin 
decreases HG‑induced damage in H9c2 cells are unknown. 
The present study demonstrated baicalin decreased pyroptosis 
and fibrotic and inflammatory markers in vitro.

Diabetes is marked by persistent inflammation, which 
serves a role in the progression of DCM. Elevated levels of 
inflammatory cytokines, particularly TNF‑α, IL‑6, and 
IL‑1β, are key drivers of DCM, promoting structural damage 
through cardiac remodeling and fibrosis (32). TNF initiates the 
recruitment of receptor‑interacting protein kinase 1 and cell 
division cycle 37 and heat shock protein 90 to form a complex 
that produces active IKK complexes  (33). This activation 
stimulates the kinases p38, ERK and JNK, ultimately leading 
to the upregulation of pro‑inflammatory genes  (34). An 
increase in genes associated with the TNF signaling pathway, 
including CCL20, CSF1 and CSF2, has been observed during 
the inflammatory response (35). By targeting key proteins 
involved in inflammatory signaling, therapeutic approaches 
for the treatment of DCM may be established. Here, baicalin 
showed therapeutic potential in DCM by directly binding and 
inhibiting TNF‑α. It suppressed HG‑induced inflammation by 
downregulating TNF‑α expression and inhibiting downstream 
p38, ERK and JNK phosphorylation. Baicalin also decreased 
expression of pro‑inflammatory factors such as CCL20, CSF1 
and CSF2, mitigating HG‑induced injury. Therefore, baicalin 
modulated TNF‑α pathways in DCM.

Pyroptosis is a pro‑inflammatory form of programmed 
cell death defined by GSDM‑mediated plasma membrane 
rupture (36). Pyroptosis has been identified as a key factor in 
DCM (37‑39). When activated, NLRP3 oligomers are formed, 
triggered by stimuli, including microbes, particulate matter 
and damage‑associated molecules. This process facilitates the 
recruitment of the adaptor protein (ASC) and caspase‑1 (40), 
resulting in the cleavage of GSDMD. Caspase‑1 converts 
pro‑IL‑1β and pro‑IL‑18 into their active forms. The 
N‑terminal domain of GSDMD forms pores that cause cell 
swelling, promoting IL‑1β and IL‑18 release. Baicalin reduces 
inflammatory diseases by inhibiting pyroptosis (41). However, 
its specific role in DCM requires further study. Here, treat‑
ment with baicalin in vitro alleviated HG‑induced pyroptosis. 
PTPN22 encodes the lymphoid‑specific tyrosine phosphatase, 
a crucial regulator in hematopoietic cells (42). The present 
study demonstrated that baicalin can bind to PTPN22 and 
inhibit the HG‑induced upregulation of PTPN22 expression. 
While KEGG analysis did not identify any significant signaling 
pathways associated with baicalin‑induced therapeutic effects 
on DCM, PTPN22 is involved in controlling the activation 
of the NLRP3 inflammasome and the IL‑1β pathway (43). 
Moreover, baicalin suppressed the expression of GSDMD, 
PTPN22, NLRP3, ASC, caspase, IL‑1β and IL‑18, indicating 
that PTPN22 may induce DCM via the pyroptosis pathway‑
PTPN22 inhibition also blocked pyroptosis and the NLRP3 
signaling pathway, suggesting PTPN22 regulated pyroptosis 
via the NLRP3 signaling pathway.

Expression of PTPN22 is inhibited by TNF‑α in peripheral 
blood mononuclear cells  (44). PTPN22/22 loss of function 
increases TNF‑α secretions in Jurkat T cells (45). Upregulation 
of TNF‑α is observed in PTPN22 1858C/T single‑nucleotide 
polymorphism in rheumatoid arthritis (46). However, the exact 
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Figure 4. Baicalin inhibits HG‑induced activation of TNF and PTPN22 signaling pathways in H9c2 cells. H9c2 cells were treated with HG, or baicalin (BL: 
50 µm; BH: 100 µm) for 24 h. (A) Western blotting of (B) TNF‑α expression and phosphorylation levels of (C) p38, (D) ERK and (E) JNK. (F) Western 
blot analysis of (G) PTPN22, (H) NLRP3, (I) ASC, (J) caspase, (K) IL‑1β and (L) IL‑18 expression. *P<0.05 vs. Control; #P<0.05, ##P<0.05 vs. HG. HG, 
high‑glucose; BL, baicalin low; BH, baicalin high; p‑, phosphorylated; PTPN, protein tyrosine phosphatase non‑receptor type; ASC, apoptosis‑associated 
speck‑like protein containing a CARD..
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Figure 5. PTPN22 inhibition attenuates HG‑induced pyroptosis in H9c2 cells. H9c2 cells were treated with HG or PTPN22‑siRNA for 6 h following 48 h 
incubation in normal culture medium. (A) Morphological changes of H9c2 cells. Scale bar, 50 µm. (B) Calcein‑AM, (C) TUNEL and (D) GSDMD‑N 
immunofluorescence staining of H9c2 cells. Scale bar, 20 µm. (E) Western blot analysis of (F) PTPN22, (G) NLRP3, (H) ASC, (I) caspase, (J) IL‑1β and 
(K) IL‑18 expression. Quantitative analysis of (L) Calcein‑AM staining, (M) TUNEL‑positive cells and (N) GSDMD‑N immunofluorescence staining. 
*P<0.05 vs. control; #P<0.05 vs. HG. HG, high‑glucose; GSDM, gasdermin; BL, baicalin low; BH, baicalin low; si, small interfering; PTPN, protein tyrosine 
phosphatase non‑receptor type; ASC, apoptosis‑associated speck‑like protein containing a CARD.
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mechanism of the interaction between PTPN22 and TNF‑α 
remains unknown.

There are several limitations to the present study. The 
absence of additional databases may limit the scope of target 
screening. The mechanism of baicalin in the treatment of 
diabetic cardiomyopathy was not fully identified in the present 
study, since only two common targets and no significant path‑
ways were found with network pharmacology. Future studies 
should expand the scope of target prediction by introducing 
more databases to explore the multi‑target therapeutic mecha‑
nism of baicalin in treating DCM. Furthermore, the present 
study was only validated in H9c2 cardiomyocytes; to increase 
clinical translational value, the physiological significance of 
the identified targets (PTPN22 and TNF‑α) and associated 
pathways must be evaluated in in vivo models. In addition, 
the lack of a positive control makes it difficult to evaluate the 
relative efficacy and clinical relevance of baicalin. A positive 
control group should be included in future in vitro and in vivo 
studies to verify the therapeutic effects and clinical potential 
of baicalin against DCM.

The primary reason for not introducing additional data‑
bases in the network pharmacology‑based target screening 
process was to ensure the reliability and consistency of 
the predicted targets. The present study selected Swiss 
Target Prediction) for baicalin target prediction, which is 
commonly used in network pharmacology studies of tradi‑
tional Chinese medicine monomers and has high target 
prediction accuracy (47‑49). This database covers the main 
target information of baicalin, including its potential binding 
proteins and associated signaling molecules, which met the 
needs of target screening for the present study. In addition, 
the present study considered homogeneity and avoidance of 
redundant information between databases. Many existing 
target prediction databases have overlapping target informa‑
tion and introducing too many additional databases may 
lead to redundant target screening results, increase the 
complexity of target intersection analysis and introduce 
false‑positive targets due to differences in database predic‑
tion algorithms and data sources. This would not only fail to 
improve the comprehensiveness of target screening but also 
affect the accuracy and efficiency of experimental verifica‑
tion. Additionally, the present study used a relatively high 
cutoff value (>30) for target screening, which decreased the 
number of targets that were originally screened, which had 
an impact on the number of common targets. Furthermore, 
the present study aimed to verify the therapeutic effect and 
underlying mechanisms of baicalin on DCM through in vitro 
experiments; network pharmacology was used as an auxiliary 
tool to screen potential targets and guide subsequent experi‑
mental design. The in vitro results supported the validity of 
the network pharmacology predictions.

Although KEGG pathway analysis did not reveal any 
significant enriched pathways, the two identified common 
targets (PTPN22 and TNF‑α) are associated with the patho‑
genesis of DCM. PTPN22 is associated with myocardial 
inflammation (50), oxidative stress (51) and cardiomyocyte 
apoptosis (52), which are key pathological processes of DCM. 
PTPN22 can regulate the activation of T cells and release of 
inflammatory factors, thereby participating in the progression 
of DCM (53). Similarly, TNF‑α is a classical pro‑inflammatory 

cytokine that plays a pivotal role in the development of DCM 
by inducing myocardial inflammation, promoting cardiomyo‑
cyte pyroptosis and impairing cardiac function (54). These 
well‑documented associations between the two targets and 
DCM pathogenesis support their potential as key therapeutic 
targets of baicalin in DCM (55,56). In addition, the selection 
of PTPN22 and TNF‑α was based on the reliability of network 
pharmacology prediction results. Although the present 
study only identified two common targets due to the limita‑
tions of database selection and high screening cutoff value, 
these targets were consistently predicted by the databases. 
The present study verified the binding ability of baicalin to 
PTPN22 and TNF‑α through molecular docking experiments, 
which showed strong binding affinity, indicating that baicalin 
directly bound these two targets and exerted regulatory effects. 
The molecular docking verification further confirms the 
rationality of selecting these two targets. Furthermore, consid‑
ering the multi‑target and multi‑pathway characteristics of 
traditional Chinese medicine monomers, the lack of enriched 
KEGG pathways does not mean that the identified targets are 
invalid. Traditional Chinese medicine monomers typically 
exert therapeutic effects by regulating multiple targets and 
signaling pathway networks, rather than relying on a single 
or significantly enriched pathways. Here, baicalin inhibited 
the expression of PTPN22 and TNF‑α and suppressed the 
downstream inflammatory and pyroptosis pathways mediated 
by these targets. These results not only confirm the regula‑
tory effect of baicalin on the two targets but also explain the 
potential therapeutic mechanism of baicalin in treating DCM 
from the perspective of target regulation.

In conclusion, the primary cell response to baicalin was 
suppression of inflammation and pyroptosis. By regulating 
the activation of the PTPN22 and TNF‑α signaling pathways, 
baicalin inhibited inflammation and pyroptosis in DCM. 
TNF‑α and PTPN22 were key factors in the development of 
DCM and PTPN22 was involved in pyroptosis. Therefore, dual 
targeting of these two pathways may represent a promising 
strategy for treating DCM by treating HG‑induced pyroptosis 
with baicalin.
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