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Background: Inflammation plays a crucial role in the development of diabetic cardiomyopathy (DCM), including inflammation 
caused by high-glucose and high-lipid (HGHL). Targeting inflammation may provide a useful strategy for preventing and treating 
DCM. Puerarin has been shown to reduce the inflammation, apoptosis and hypertrophy of cardiomyocytes induced by HGHL, in 
which this study aims to investigate the underlying mechanisms.
Methods: H9c2 cardiomyocytes cultured with HGHL were used to establish a cell model of DCM. Puerarin was then placed to these 
cells for 24 hours. The effects of HGHL and puerarin on cell viability and apoptosis were investigated by the Cell Proliferation, 
Toxicity Assay Kit (CCK-8) and flow cytometry. Morphological changes of cardiomyocytes was observed by HE staining. CAV3 
proteins in H9c2 cardiomyocytes were altered by transient transfection of CAV3 siRNA. IL-6 was detected by ELISA. The Western 
blot was performed to determine the CAV3, Bcl-2, Bax, pro-Caspase-3, cleaved-Caspase-3, NF-κB (p65) and p38MAPK proteins.
Results: Puerarin treatment reversed the cells viability, hypertrophy in morphology, inflammation (showed by p-p38 and p-p65 and 
IL-6) and apoptosis-related damage (showed by cleaved-Caspase-3/pro-Caspase-3/Bax, Bcl-2 and flow cytometry) of the H9c2 
cardiomyocyte caused by HGHL. Puerarin treatment also restored the decrease of CAV3 proteins of the H9c2 cardiomyocyte caused 
by HGHL. When silenced the expression of CAV3 proteins with SiRNA, puerarin failed to decreased p-p38 and p-p65 and IL-6, and 
could not reversed cell viability and morphological damage. In contrast to the simple CAV3 silenced group, the CAV3 silenced with 
NF-κB pathway or p38MAPK pathway inhibitors, significantly downregulated the p-p38, p-p65 and IL-6.
Conclusion: Puerarin upregulated CAV3 protein expression in H9c2 cardiomyocytes and inhibited the NF-κB and p38MAPK 
pathways, thereby reducing HGHL-induced inflammation and may related to the apoptosis and hypertrophy of cardiomyocytes.
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Introduction
Patients with diabetes are at an increased risk of cardiovascular complications, including heart failure and death, making 
it the leading cause of diabetes-related mortality.1 The present research on diabetic cardiomyopathy is still advancing, and 
some new hypoglycemic drugs like GLP-1 receptor agonists and SGLT-2 inhibitors have shown potential for prevention 
and treatment of diabetic cardiomyopathy. T cell immunotherapy and anti-inflammatory drugs have also been applied in 
diabetic cardiomyopathy treatment, and gene therapy was also an important method for diabetic cardiomyopathy 
treatment. Although these research advances are promising, there is still no effective strategy to prevent or halt the 
development of DCM. Glycemic control alleviates heart failure but rarely reverses it and has numerous side effects.2 

Many natural compounds and their anti-inflammatory effects in DCM are receiving significant attention in preclinical and 
clinical research. Flavonoids with free radical scavenging, antioxidant and anti-inflammatory properties have been 
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identified as candidates for mediating protection.3 Isoflavones demonstrated cardioprotective effects on mitochondrial 
Ca2+ intake4 and permeability transition.5

Stimulation of inflammatory cytokine secretion profoundly affects the myocardium, causing at least four changes in 
cardiac cells that contribute to the reprogramming or remodeling of phenotype, including progressive apoptosis, myocyte 
hypertrophy, contractility defects, and inflammatory signal transduction.6 These events occur as a result of proinflam-
matory cascades occurring in different types of cardiac cells. Subsequently, mediators produced by this inflammatory 
cascade regulate specific intracellular signaling mechanisms in cardiomyocytes, leading to hypertrophy and apoptosis.7 

There is evidence to suggest that the induction of myocardial cell inflammation by saturated fatty acids contributes to the 
occurrence and development of cardiomyopathy.8 Saturated fatty acids were reported to be responsible for systemic and 
local inflammatory activation, as well as initiation of immune responses in circulating immune cells and 
cardiomyocytes.9 Furthermore, inflammatory factors triggered by saturated fatty acids worsen cardiac damage through 
various pathways.10 By activating the intracellular NF-κB pathway, hyperglycemia leads to the production of proin-
flammatory cytokines contributing to myocardial inflammation, hypertrophy and apoptosis.11 Sustained activation of 
TNF signaling led to apoptosis and cardiomyocyte remodeling by the activation of intrinsic and extrinsic pathways of cell 
death, and resulted in elevated cytosolic levels of activated cytochrome c, caspase 3, and 8.12

The enhanced inflammatory response negatively affects cardiac function and triggers cardiomyocyte damage.13 

Inflammation and oxidative stress contribute significantly to the apoptosis of cardiomyocytes by elevating inflammatory 
cytokine.14 The activation of NF-κB and MAPK pathways causes the expression of proinflammatory cytokines, 
ultimately leading to heart failure and DCM.15–17 Palmitic acid exposure for 24 h resulted in cellular apoptosis, 
accompanied by an upregulation of Bax and Cleaved-caspase 3, and a downregulation of Bcl-2.8 Targeted inhibition 
of NF-κB and c-Jun N-terminal kinase/p38MAPK can combat inflammation, oxidative stress, and apoptosis, thus 
effectively treating DCM.17

Gegen (Radix Puerariae Lobatae) is a widely used herb in Traditional Chinese Medicine (TCM) for treating diabetes 
and its associated complications.18 Puerarin (daidzein-8-C-glucoside), which is a chemical taxonomic marker of the 
Pueraria genus, possesses abundant isoflavones.19 Extracted active components of puerarin inhibited the production of 
IL-6, IL-1β, PGE2, and NO, with anti-inflammatory effects, and regulated transcription levels by suppressing the MAPK 
signaling pathway.20 Initial observations suggest that puerarin may protect against diabetes and its associated cardiovas-
cular complications, as well as inhibit cellular inflammation, oxidative stress, and apoptosis.1 However, the efficacy of 
puerarin in DCM and its myocardial protective mechanism remain unclear.

Research reports indicated that CAV3 might have a cardioprotective effect in DCM,21,22 and an inverse relationship 
between CAV3 gene expression and the expression of NF-κB in BSM cells.23 CAV3 knockout mice exhibited progressive 
cardiomyopathy, with hyperactivation of the MAPK cascade of p42/44.24 Dimisartan reduced MAPK activity p38 in the 
absence of angiotensin II in cardiomyocytes, leading to a decrease in expression of the CAV3 related T-type Ca2 

+channels.25 Nitric oxide ameliorated diabetic cardiomyopathy by improving the Caveolin-3/eNOS complex.22 CAV3 
deficiency increased susceptibility to overall palmitic acid-induced insulin resistance, causing cardiomyopathy.26 

Propofol offered cardioprotection by suppressing protease degradation of CAV3 in ischemia-reperfusion rat hearts.27 

Therefore, these data suggest that CAV3 protects the heart and its downregulation indicates myocardial injury.28

In this study, we use H9c2 cells treated with HGHL to simulate myocardial inflammatory damage to simulate 
myocardial injury of DCM. Our research endeavored to evaluate the effects and mechanism of Puerarin at both the 
cellular and molecular levels, with a particular emphasis on investigating if it relates to the protective mechanism of 
CAV3.

Materials and Methods
Cell Culture and Treatment
Wuhan Punosai Life Sciences Company provided H9c2 cells derived from rat embryonic adult cardiomyocyte-derived 
cells. The cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine 
serum, 100 U/mL penicillin, and 100 µg/mL streptomycin, and incubated in a humidified incubator at 37 °C in 95% air/ 
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5% CO2. To test the cytotoxic effects of HGHL, we treated H9c2 cardiomyocytes with a 33mM glucose solution29 and 
a 100µM palmitate solution30 for 24 hours, based on prior literature protocols. We used various concentrations of 
puerarin (10−6, 10−5, 10−4, 10−3 M) to assess the cardioprotective effect of puerarin on HGHL-induced injury.1 Treatment 
with puerarin resulted in maximal cell viability and proliferation at 10−4 M, which we selected as the subsequent 
experimental concentration. Puerarin was dissolved in dimethyl sulfoxide as a stock solution and diluted with dimethyl 
sulfoxide at the time of use. The control group did not contain dimethyl sulfoxide, and 0.1% of dimethyl sulfoxide was 
present in all other groups. To investigate the relationship between CAV3 and the p38MAPK-NF-κB pathway, we 
employed pathway inhibitors of either p38MAPK (SB203580 10 µM) or NF-κB (BAY11-7082 10 µM).

Hematoxylin and Eosin (HE) Staining
H9c2 cardiomyocyte slides were fixed in 4% paraformaldehyde buffer for 30 min, rinsed three times with PBS, and then 
stained with HE (Sigma, MHS1, China). The cells were stained with hematoxylin for 8 minutes, followed by running 
water for 3 minutes, eosin for 8 minutes, and running water for another 3 minutes. At least ten hematoxylin-eosin stained 
sections were randomly selected from within each group for structural observation. Next, the sections were viewed at 
200x using a microscope (Olympus, Japan).

Cell Counting Kit-8 (CCK-8) Assay
H9c2 cardiomyocytes (5×103 cells/well) were seeded in 96-well plates, and each well was supplemented with 100 µL 
medium. After the cells adhered to the wall, they were treated according to the experimental requirements. After 24 
hours, fresh medium was replaced, and 10 µL Cell Counting Kit-8 (CCK8) reagent (Meilunbio, Dalian, China) was 
added to each well. At the same time, blank control wells (100 µL cell medium, 10 µL CCK8 solution, no cells) were set 
up and incubated at 37 °C for 2 hours. The absorbance value of each well was measured by a microplate reader (El × 800, 
BioTek, USA) at OD450 nm. Cell viability % was calculated as (OD of cells in experimental wells -OD of blank wells)/ 
(OD of control wells -OD of blank wells) × 100%. Results were repeated six times for each experiment.

Flow Cytometry
Cells were divided into control group, HGHL group and HGHL+Puerarin group. One million cells from each group were 
taken into PBS, mixed, centrifuged at 1200 rpm, and the supernatant was removed. 100 µL of 1×Binding Buffer was 
added to each tube, resuspended, and the solution was gently shaken by adding 5 µL of Annexin V-PE and 5 µL of 
7-AAD (Bioswamp, Wuhan, China) and incubated in the dark for 15 min at room temperature (25 °C). 200 µL of 1× 
Binding Buffer was added to each, and the machine was loaded within 1 hour. Samples were tested by flow cytometry 
(Beckman Coulter, Fullerton, CA) in three replicates per set. FlowJo software was used to analyze the results.

Transfection
The CAV3 siRNA product was synthesized by Suzhou Jima Gene Co: CAV3 siRNA: sense 5’- 
GCGAUCACAUGUACUGUAAtt-3’ and antisense 5’-UUACAGUACAUGUGAUCGCtt-3’. Cell transfection was per-
formed following the Lipofectamine 3000 instructions from Invitrogen. Cells were seeded into 6-well plates at a density 
of 0.25×106, and the groups requiring transfection were cultured in cell medium without penicylyl streptomycin for 24 
hours before transfection. After 6 hours, cells were treated with high glucose and high lipid, puerarin, and pathway 
inhibitors according to the pre-grouping. After co-culture for 48 hours, transfected cells were analyzed and processed. 
Results were repeated six times for each experiment.

ELISA
Cells were seeded into 6-well plates at a density of 2×105 and cultured, and the supernatants of each cell group were 
collected after different experimental treatments according to the pre-grouping. The same volume of DMEM was used as 
a blank control. This experiment was performed using an IL-6 (EK306D) ELISA kit (MULTI SCIENCES, China), and 
dual-wavelength detection with a microplate reader (El×800, BioTek, USA) according to the manufacturing instructions 
to determine the OD at 450 nm maximum absorption wavelength and 570 nm or 630 nm reference wavelength. Standard 
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curves were generated by regression fitting using computer software with standard concentration as the abscissa and OD 
value as the ordinate. Results of each set of experiments were repeated six times.

Western Blot
We performed assays for Western blot of CAV3, p65, p-p65, p38, p-38, cleaved-caspase-3, pro-caspases-3, Bax and Bcl-2 
protein levels. Extraction of total protein was performed by RIPA lysis (Solarbio, China) and protein concentration was 
measured by BCA assay (Bioswamp, China). Each lane was supplemented with protein samples (30 μg); proteins were 
separated by electrophoresis using sodium dodecyl sulfate-polyacrylamide gels (SDS-PAGE, China) at 80 V, 120 g/L for 
90 min. Membrane transfer was performed at 220 mA for 60 minutes using a wet transfer system, followed by skimmed 
milk powder at 25°C for 1 h. The concentrations of antibodies were as follows: CAV3 (1:1000), p-p65 (1:1000), p65 
(1:1000), p-p38 (1:1000), p38 (1:1000), Bax (1:500), Bcl-2 (1:500), pro-Caspases-3 (1:500), cleaved-Caspase-3 (1:500), 
GAPDH (1:1000) and β-tublin (1:1000), respectively. The primary antibodies (Cell Signalling Technology, Inc. USA) 
were overnight incubated at 4°C before the secondary antibody (1:1000) at 25°C for 2 hours. Finally, the films were 
measured using the Odyssey LI-COR infrared imaging system (LICOR Biosciences Inc., USA). The combined IR signal 
intensity at 800 nm was calculated for each band using Li-Cor Odyssey Infrared Imaging System analysis software.

Statistical Analysis
Data were presented as mean ± standard deviation (SD). The SPSS 23.0 software (SPSS, Chicago, USA) was used for 
statistical analysis. Comparisons between the two samples were performed using the LSD t-test, and that between groups 
was analyzed using one-way analysis of variance (ANOVA). All the reported P values were two-tailed, and P<0.05 was 
considered to indicate statistical significance.

Results
Expression Downregulation of CAV3 Protein and Cardiomyocyte Morphology 
Damage by HGHL
CAV3 protein expression was downregulated in a time-dependent manner in cardiomyocytes treated with HGHL, as 
confirmed by Western blot analysis (Figure 1A and B). A remarkable downregulation was observed at 24 hours after 
treatment. Microscopic analysis of cardiac myocyte morphology revealed that HGHL treatment significantly increased 
damage to these cells, as indicated by the presence of round or oval-shaped cardiomyocytes with damaged nuclear 
membranes, and enlarged cells with vacuolation after 36–48 hours of treatment. Conversely, no evidence of cardiomyo-
cyte morphological changes was noted at 0–12 hours of treatment, during which time cells were normal in shape and 
dense. Based on these findings and further analysis (Figure 1C), a duration of 24 hours of HGHL treatment was selected 
for subsequent experiments.

Myocardial Cell was Injuried by HGHL in Inflammatory Conditions
Cell Counting Kit-8 (CCK-8) and flow cytometry results confirmed that HGHL treatment significantly inhibited H9c2 
cell activity (Figure 2A) and enhanced apoptosis (Figure 2B). HGHL treatment also caused massive morphological 
damage to cardiomyocytes, as evidenced by H&E staining (Figure 2C). Western blot analysis revealed significantly 
increased expression levels of cleaved-caspase-3/pro-Caspase-3 and Bax, whereas expression of Bcl-2 was significantly 
downregulated (Figure 2D-G). Moreover, HGHL treatment resulted in a significant upregulation of IL-6 expression in 
H9c2 cells (Figure 2H).

Puerarin Attenuated HGHL-Induced Inflammatory Injury in Myocardial Cells
Puerarin is a flavonoid glycoside, derived from wild legume puerarin, and its chemical structure is shown in Figure 3A. 
Cell viability remained unchanged upon incubating cardiomyocytes with different concentrations of puerarin (Figure 3B). 
However, a significant dose-dependent increase in cell viability was observed in HGHL-treated cardiomyocytes upon the 
addition of puerarin at different concentrations (Figure 3C). The optimum concentration of puerarin was determined to be 
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10−4 M, based on its maximum protective effect on cell viability. H&E staining revealed reduced morphological damage 
in cardiomyocytes after treatment with puerarin compared to the HGHL-treated group (Figure 3D). Furthermore, flow 
cytometry analysis indicated that puerarin treatment significantly inhibited HGHL-induced apoptosis (Figure 3E). 
Western blot analysis revealed significantly upregulated expression levels of Bcl-2, while expression of cleaved- 
Caspase-3/pro-Caspase-3, and Bax was downregulated following puerarin treatment of HGHL-induced cardiomyocytes 
(Figure 3F-I). Moreover, puerarin treatment resulted in significant downregulation of IL-6 expression levels (Figure 3J).

Puerarin Restrained the NF-κB and p38MAPK Pathways in Myocardial Cells
Phosphorylation levels of p/t-p38MAPK (Figure 4A and B) and p/t-p65 (Figure 4C and D) were significantly increased after 
HGHL treatment. Nevertheless, these upregulated expressions were significantly downregulated following puerarin treat-
ment (Figure 4A-D). These observations suggest that puerarin suppressed NF-κB and p38MAPK signalling pathways.

Puerarin-Mediated the Upregulation of CAV3 in Myocardial Cells
Western blot results showed significant downregulation of protein CAV3 expression levels after treatment with HGHL. However, 
when puerarin was added to HGHL-induced cells, CAV3 protein expression was significantly upregulated (Figure 5A and B). 
Therefore, this implies that puerarin may positively regulate CAV3 protein expression.

Puerarin Inhibited NF-κB and p38MAPK Pathways via CAV3 Upregulation in 
Myocardial Cells
After transfecting with FAM NC, green fluorescence was observed under a fluorescent inverted microscope, indicating 
successful transfection of CAV3 siRNA in the H9c2 cardiomyocytes (Figure 6A). Western blot confirmed that transfection 

Figure 1 HGHL-Induced CAV3 Protein Expression Downregulation and Morphological Injury in H9c2 Cells. HGHL treatment downregulated CAV3 protein expression in 
a time-dependent manner, with a significant decrease at 24 hours observed using Western blot analysis (A and B). The data were presented as mean ± SD, with n = 6 per 
group. Microscopic observation (200× amplification) revealed HGHL treatment resulted in increased morphological damage to H9c2 cardiomyocytes (C). The scale bars in 
the panel were 50 μm. The statistical significance of the observed effects was indicated by ***P<0.001.
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with CAV3 siRNA markedly downregulated the CAV3 protein expression. This indicates that we successfully silenced the 
CAV3 protein expression of H9c2 cardiomyocytes (Figure 6B). The classic bands of Western blot for CAV3 siRNA before and 
after transfection were observed (Figure 6C). On this basis, SB203580 significantly decreased the level of p/t-p38MAPK 
phosphorylation induced via CAV3 siRNA transfection (Figure 6D); besides, BAY11-7082 significantly decreased the level of 
p/t-p65 phosphorylation induced by CAV3 siRNA transfection (Figure 6E). Moreover, CAV3 siRNA transfection significantly 
upregulated the IL-6 expression level after puerarin treatment (Figure 6F). After CAV3 siRNA transfection, H&E staining 
showed apparent morphological changes in hypertrophic cardiomyocytes and an increased number of apoptotic cells 
(Figure 6G). Therefore, puerarin may inhibit NF-κB and p38MAPK signaling pathways by upregulating the CAV3 protein.

Discussion
Cardiac inflammation in the pathophysiology of cardiac disease has received increasing research attention. The under-
lying mechanisms of diabetic cardiomyopathy are unclear, however, many studies have shown that inflammation 
contributes to the pathogenesis of DCM.31 Inflammation caused by HGHL plays an important role in cardiovascular 
diseases.32 Effectively therapy targeting myocardial inflammation is importance in moderating both the onset and 
progression in DCM of diabetes patients.

Basic and clinical investigations suggest that puerarin is a promising therapeutic candidate for a diverse range of 
disorders, including diabetes and its complications, osteonecrosis, cancer, Alzheimer’s disease, Parkinson’s disease, and 
endometriosis. Puerarin improved the heart function of db/db mice by reducing pro-inflammatory cytokine secretion and 

Figure 2 HGHL Provoked Inflammatory Injury in H9c2 Cells. Results showed that treatment with HGHL significantly decreased cell viability and increased cell apoptosis 
(A and B). Additionally, HGHL treatment resulted in significant morphological changes to cardiomyocytes when compared to the normal group, as indicated by hematoxylin 
and eosin (H&E) staining (C). Western blot analysis indicated significant upregulation of cleaved-Caspase-3/pro-Caspase-3, and Bax expression, while Bcl-2 showed significant 
downregulation following HGHL treatment (D-G). Moreover, HGHL treatment resulted in a significant upregulation of IL-6 expression in H9c2 cells (H). The IL-6 release 
and cell viability assays were performed with n = 6 per group and Western blot analysis with n = 3 per group. Flow cytometry assays were conducted with n = 3 per group. 
All HE staining images were obtained using microscopy with 200× magnification, and the scale bars in the panel were 50 µm. The statistical significance of the observed 
effects was indicated by **p<0.01 and ***p<0.001.
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diminishing NF-κB transcriptional activity.1 Moreover, puerarin exhibits a pivotal role in managing several cardiovas-
cular diseases, such as atherosclerosis, cardiac hypertrophy, heart failure, diabetic cardiovascular complications, myo-
cardial infarction, stroke, and hypertension.33

HGHL induced cardiomyocyte hypertrophy and myocardial damage,30,34 and significantly inhibited viability and 
promoted apoptosis.35,36 In our study, cardiomyocytes treated with HGHL caused a significant downregulation of CAV3 
protein; increased phosphorylation levels of p-p65 protein of the NF-κB pathway as well as the p-p38 protein of the 
p38MAPK pathway; upregulated the expression and release of IL-6; increased in the expression levels of Bax and 
cleaved-Caspase-3/pro-Caspase-3, a decreased in the expression level of Bcl-2, and an increased in myocardial hyper-
trophy.; decreased cell viability associated with inflammatory injury in cardiomyocytes.

Puerarin has been reported to reduce HGHL-induced cellular damage,37 as well as suppress oxidative stress and 
inflammation,38 it also exerted anti-inflammatory effects by inhibiting NF-κB and p38MAPK pathways.20,39 Our study reveals 
that puerarin significantly inhibits NF-κB and p38MAPK pathways. Puerarin treatment significantly decreased the phosphor-
ylation of p-p38 and p-p65 proteins, and apoptosis-related protein expression: cleaved -Caspase-3/pro-Caspase-3/Bax.

The NF-κB-dependent mechanism plays an important role in hyperglycemia-induced myocardial injury and 
inflammation40 and the development of DCM.41 NF-κB is activated in cardiac myocytes in patients with DCM. NF-κB 
activation induced a release of downstream pro-inflammatory cytokines, involving IL-6.11 P38MAPK is the most common 
member of the MAPK family, responsible for regulating inflammation, apoptosis, and other physiological and pathological 
processes. Activation of p38MAPK further promotes the secretion of IL-6 and MCP-1.42 Erythropoietin can reduce apoptosis 
and cardiac hypertrophy by inhibiting the activation of NF-κB, phosphorylation of p38-MAPK.43 In terms of proinflammatory 
molecules, elevated levels of IL-6, TNF-α and matrix metalloproteinase 7 were reported in diabetic patients with diastolic 
dysfunction44 and predicted the onset of type 2 diabetes.45 IL-6 was sufficient to induce myocardial hypertrophy, 

Figure 3 Puerarin alleviated HGHL-induced inflammatory injury in H9c2 cells. (A) Chemical Structure of Puerarin. (B) No obvious changes in cell viability with puerarin 
(0,10−6,10−5,10−4,10−3M) treatment. (C) When cells were treated with similar puerarin concentrations in HGHL-induced cells, cell viability was significantly improved with 
the increased concentration of puerarin and results show a dose-dependent way. (D) Puerarin groups reduced myocardial cell morphology injury. (E) Puerarin significantly 
suppressed the HGHL-induced apoptosis. (F-I) Puerarin noticeably inhibited HGHL-induced levels of cleaved-Caspase-3/pro-Caspase-3 and Bax and enhanced the level of 
Bcl-2. (J) Puerarin markedly suppressed the production of IL-6. This experiment was conducted with six replicates in the IL-6 release and cell viability assays, four replicates 
in the Western blot, and three replicates in the Flow cytometry assay. The HE staining images were obtained via microscope with 200× amplification and the scale bars in the 
panel were 50 µm. The statistical significance of the observed effects was indicated by *p <0 0.05, **p<0.01 and ***p<0.001.
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inflammation, fibrosis and diastolic dysfunction in rats,46 and deletion of IL-6 can reverse myocardial inflammation and 
cardiac metabolic abnormalities in diabetes induced by a HL diet.47 In our study, IL-6 was significantly increased and there 
were significantly damage, apoptosis and hypertrophy of cardiomyocytes after HGHL treatment.

Many studies confirmed the cardiomyocyte protective effect of puerarin.48,49 Nonetheless, the mechanism of its 
cardioprotective effect on DCM is not fully clarified. Investigations have reported the cardioprotective effect of CAV3 in 
DCM,21,22,50,51 and CAV3 mediated reduced inflammatory damage.52 In our study, puerarin treated with silencing CAV3 
in H9c2 cells enhanced p38MAPK and NF-κB pathways as well as upregulated expression of inflammatory factors IL-6, 
proved that Puerarin exerted cardioprotective effects via an anti-inflammatory pathway by promoting CAV3, thereby 
inhibiting the p38MAPK-NF-κB signalling pathway in HGHL-induced inflammatory damage of cardiomyocytes.

There was a very close relationship between CAV3 and the p38MAPK pathway, as well as the NF-κB pathway. 
Dexamethasone upregulated the transcriptional activity of T-type CAV3 Ca2+channel, inhibiting the activation of NF-κB 
and the Glucocorticoid receptor.53 The hindlimb suspension reduced CAV3 levels in cod muscle but increases p38 

Figure 5 Puerarin positively regulates the expression level of CAV3. (A and B) The protein expression level of CAV3 was significantly downregulated after HGHL 
treatment. n = 4 per group for the Western blot. *p < 0.05; **p < 0.01.

Figure 4 Puerarin inhibited the NF-κB and p38MAPK pathways in H9c2 cells. (A and B) Puerarin inhibited the p38MAPK pathway. (C and D) Puerarin inhibited the NF-κB 
pathway. n = 4 per group for the Western blot. *p < 0.05; **p <0 0.01.
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mitogen-activated protein kinase phosphorylation levels.54 Our study also found that CAV3 inhibiting the p38MAPK and 
NF-κB signaling pathway. All these reports focused on the relationship between CAV3 and p38MAPK or CAV3 and NF- 
κB. However, we further discover that CAV3 may inhibit inflammation mediated by the p38MAPK-NF-κB, and which 
had been reported that there were a relationship with apoptosis and hypertrophy injuries.

To sum up, treated with HGHL and puerarin, compared with simple HGHL, we observed a significant upregulation in CAV3, 
a significant decrease in p-p38 and p-p65 protein phosphorylation, IL-6 expression, as well as depressed inflammation, viability 
damage, apoptosis and hypertrophy of H9c2 cells. Consequently, our results demonstrate that puerarin can inhibits the NF-κB 
and p38MAPK pathways after HGHL treatment that facilitate inflammatory lesions in cardiomyocytes, leading to a notable 
decrease in inflammatory cytokines and suppressed viability damage, apoptosis and hypertrophy of the myocardial cells. Further, 
Caveolin-3 protein is downregulated using siRNA and added pathway blockers including NF-κB and p38MAPK, respectively. 
We found that this protective effect of puerarin increased CAV3 proteins, hence inhibited the NF-κB and p38MAPK pathways, 
upregulated CAV3 proteins and attenuated inflammatory lesions in HGHL-induced cardiomyocytes.

Our results provide a new reference for puerarin applying in clinical DCM and additional investigation into its 
mechanism. The pharmacological mechanism of Puerarin including the molecular interaction and its key targets still need 
to be further explored. Since puerarin has no significant toxic side effects in practice and reports, it would be a safe, 
effective and promising clinical drug for DCM.

Figure 6 Puerarin inhibited HGHL-induced inflammatory damage via up-regulated CAV3 expression. (A and B) CAV3 expression was significantly downregulated upon 
transfection with CAV3siRNA. (C-E) SB203580 significantly decreased phosphorylation levels of p/t-p38MAPK induced by CAV3 siRNA transfection; BAY11-7082 
significantly reduced phosphorylation levels of p/t-p38MAPK induced by CAV3 siRNA transfection. (F) CAV3 siRNA significantly improved puerarin-treated IL-6 expression 
level. (G) The myocardial cells had significant morphological changes after the transfection of CAV3 siRNA. The Western blot analysis was conducted with 6 replicates for 
each group, while the IL-6 release assay was conducted with 6 replicates per group. All HE staining images were obtained via a microscope with 200× amplification and the 
scale bars in the panel were 50 µm. The statistical significance of the observed effects was indicated by **p<0.01 and ***p<0.001.
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