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Purpose: Myocardial infarction (MI) is a prevalent cardiovascular disorder affecting individuals worldwide. There is a need to 
identify more effective therapeutic agents to minimize cardiomyocyte damage and enhance cardioprotection. Ginkgo biloba extract is 
extensively used to treat neurological disorders and peripheral vascular diseases. The aim of this study was to determine the protective 
effects and mechanisms of ginkgetin on postinfarction cardiomyocytes through bioinformatics and experimental validation.
Methods: Bioinformatics analysis was performed to predict the underlying biological mechanisms of ginkgetin in the treatment of 
MI. Next, we performed further validation through experiments. For in vivo studies, we used coronary ligation to construct an MI rat 
model. In vitro, oxygen and glucose deprivation (OGD) was performed to simulate ischemia in H9c2 cardiomyocytes.
Results: Bioinformatics analysis revealed that the key targets of ginkgetin for MI treatment were MMP2, MMP9, and VEGFA. 
Immune infiltration analysis revealed that ginkgetin might be involved in immune regulation by acting on the TCR signaling pathway. 
The results of the GO enrichment analysis revealed that ginkgetin might protect the heart by acting on the cell membrane to alleviate 
the senescent apoptosis of cardiomyocytes after MI. In vivo studies revealed that ginkgetin ameliorated myocardial pathological 
damage and cardiac decompensation after MI. It also alleviated the inflammatory infiltration and senescent apoptosis of cardiomyo-
cytes after MI. Additionally, ginkgetin can downregulate the activation signals of the TCR signaling pathway by dephosphorylating 
CD3 and CD28. In vitro studies revealed that ginkgetin attenuated elevated OGD-induced cytotoxicity, increased cell viability, and 
alleviated OGD-induced senescent apoptosis, thus protecting cardiomyocytes.
Conclusion: Ginkgetin inhibits postinfarction myocardial fibrosis and cardiomyocyte hypertrophy, scavenges oxygen free radicals, 
decreases postinfarction limbic cell inflammatory infiltration, suppresses activation of the inflammatory-immune pathway, and delays 
postinfarction peripheral cells from undergoing senescent apoptosis, thus protecting the heart.
Keywords: myocardial infarction, ginkgetin, senescence-associated secretory phenotype, immune infiltration, TCR signaling pathway

Introduction
Myocardial infarction (MI) is a major cardiovascular disease worldwide and is the primary cause of mortality globally; its 
prevalence is increasing among younger individuals.1–3 According to clinical guidelines, restoring blood flow and minimizing 
myocardial damage are necessary steps for MI treatment.4 However, the mortality rate for patients experiencing cardiogenic 
shock after MI decreases by only 8.3% after conventional surgical and pharmacological interventions are applied.5 As 
cardiomyocytes are highly differentiated terminal cells with negligible proliferative capacity in adulthood, the loss of 
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cardiomyocytes due to MI is irreversible.6 Thus, identifying more effective therapeutic agents to minimize cardiomyocyte 
damage and enhance cardioprotection is necessary for improving the prognosis of MI patients.

Cellular senescence, characterized by irreversible cell cycle arrest due to damage at the molecular level, is commonly 
associated with “replicative senescence”.7 Recent studies have shown that senescent cells can maintain metabolic 
activity, contributing to senescence through autocrine secretion and affecting the microenvironment via the paracrine 
secretion of growth factors, chemokines, and proteases. This results in the induction of senescence in peripheral cells.8–10 

The stable arrest and secretion of biologically active compounds by these cells is referred to as the senescence-associated 
secretory phenotype (SASP).7

Following MI, hypoxia-induced and ischemia-induced necrosis of cardiomyocytes at the infarction site leads to the 
emergence of SASP cardiomyocytes at the infarct margins. The accumulation of senescent cells and the extensive release 
of inflammatory factors trigger a sustained inflammatory cascade in bordering cardiomyocytes.11,12 Inflammatory factors 
act on peripheral cells in a paracrine manner, promoting the migration and proliferation of immune cells, continuously 
activating the inflammatory-immune pathway, and placing ventricular cells in a state of immune infiltration. This 
exacerbates the loss of borderline infarcted cardiomyocytes and their senescent apoptosis.13–15

Graphical Abstract
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Traditional Chinese medicine is an important source of modern drug discovery and development.16 Ginkgo biloba, 
which is native to China, is widely recognized for its disease-resistant leaves and is cultivated for medicinal and 
ornamental purposes.17 In the last century, Schwabe Pharmaceuticals in the former Federal Republic of Germany 
developed EGb761, a high-purity Ginkgo biloba extract (GBE), which is widely used to treat neurological and peripheral 
vascular diseases.18 GBE has anti-inflammatory, antiplatelet aggregation, antioxidative, and antiaging properties.19 The 
main component of EGb761 was ginkgetin (24%). An increasing number of studies have indicated that ginkgetin has 
remarkable anti-inflammatory, anti-apoptotic, and hypolipidemic effects, potentially making it a promising candidate for 
the treatment of cardiovascular diseases such as atherosclerosis.20,21 Despite extensive research on ginkgetin, little is 
known about its role in the treatment of myocardial infarction. Notably, ginkgetin alleviates the aging phenotype in aged 
mouse models and inhibits abnormally activated STING signaling pathways.22 We used bioinformatics to identify the 
key targets, signaling pathways, and immunological mechanisms of ginkgetin treatment in MI rats and verified them via 
in vivo animal experiments and in vitro cellular experiments to assess the role of ginkgetin in mitigating senescent 
apoptosis in cardiac myocytes after MI and in protecting the heart.

Materials and Methods
Bioinformatics Analysis
Screening of Genes Targeted for Drugs, Diseases, and Phenotypes
The target genes of ginkgetin, the main component in GBE, were screened from seven databases: the Comparative 
Toxicogenomics Database (CTDbase), Swiss Target Prediction, the Binding Database Home, DrugBank, ChEMBL, 
SuperPred, and the Similarity Ensemble Approach (SEA). When databases displayed only the full name of a gene, these 
names were converted into their corresponding English abbreviations via the String and UniProt databases. Concurrently, 
disease ontology (DO) enrichment analysis was performed to assess the involvement of these drug target genes in 
cardiovascular diseases. Three MI gene datasets, namely, GSE34198,23 GSE48060,24 and GSE97320,25 were obtained 
from the Gene Expression Omnibus (GEO) database, with peripheral blood serving as the source for all three datasets. 
SASP target genes were obtained from the Web of Science (WOS).26 Finally, common genes (CGs) at the intersection of 
SASP and MI were identified for further analysis. All public database procedures involving human data were approved 
by the Ethics Committee of the Affiliated Hospital of Liaoning University of Traditional Chinese Medicine (Ethics No. 
Y2024298CS (KT) −298-01).

Constructing a Drug-Disease-Phenotype mCODE Network
The common target genes of ginkgetin and CGs were identified by merging CGs with drug target genes. Additionally, 
a protein-protein interaction (PPI) network map was constructed using the STRING database (STRING: functional protein 
association networks, string-db.org). PPI network maps emphasizing centrality size were generated using the cytoNCA 
plugin in Cytoscape, and drug target and disease-associated genes were differentiated by distinct colors. Using the mCODE 
plugin, the most significant subgroups were identified via the following parameters: degree cutoff = 2, node score cutoff = 0.2, 
K-core = 2, and maximum depth = 100. Genes within this core subgroup were designated “keycluster” genes.

Immune Infiltration Analysis
The infiltration of 63 immune cells/functions associated with MI was analyzed through single-sample gene set enrich-
ment analysis (ssGSEA). The “vioplot” package was used to compare and visualize the levels of immune infiltration 
between the MI and healthy groups. This tool also facilitated the analysis of the correlations and differences between the 
expression levels of key cluster genes and immune cells/functions. This approach helps identify the core immune cells/ 
functions that play a significant role in the treatment of MI with ginkgetin.

Gene Ontology (GO) Enrichment Analysis
GO enrichment analysis was conducted in R for drug target genes, CGs, and key cluster genes, integrating the top 15 
biological processes (BP), cellular components (CC), and molecular functions (MF) across the three enrichments. This 
analysis revealed the underlying biological mechanisms of ginkgetin treatment for MI by examining the intersections 
among these three sets of enrichment results.
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Animal Preparation, Modeling, and Drug Administration
In total, 40 SD rats were allocated to two groups, seven to the sham operation group and 33 to the modeling group, based on 
a random number method. Following acclimation for one week, coronary artery ligation of the left anterior descending branch 
was performed on the eighth day under anesthesia induced by an intraperitoneal injection of sodium pentobarbital. During 
surgery, specialized respiratory support and heating pads ensure animal safety. The chests of the rats in the sham-operated 
group were opened without performing ligation. To prevent infection, postoperative intramuscular penicillin was administered 
for three consecutive days. After transcoronary ligation, 28 rats successfully underwent the modeling procedure. The 28 rats 
were subsequently divided into four groups, namely, the MI model group, the metoprolol (ZOK) group, the low-dose GBE 
(Schwabe, Germany) group, and the high-dose GBE group, each containing seven rats, using the random number method. 
Starting on the fourth day after the operation, 2.5 mg/kg/day ZOK was administered to the ZOK group, 50 mg/kg/day GBE 
was administered to the GBE low-dose group, and 200 mg/kg/day GBE was administered to the GBE high-dose group; the 
same volume of saline was administered to the sham-operated and model groups. After six weeks of continuous gavage, blood 
was collected from the abdominal aorta under anesthesia with sodium pentobarbital, and the hearts were removed postmortem.

All SD rats were housed in an SPF-grade animal facility at Liaoning University of Traditional Chinese Medicine under 
natural lighting conditions at 23 °C±2 °C and 60–70% relative humidity. The rats had free access to food and water and were 
cared for according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publication 
No. 8023, revised 1978). All animal experimental procedures were approved by the Animal Ethics Committee of Liaoning 
University of Traditional Chinese Medicine (Ethics No. 21000042023021). All in vivo experiments utilized male rats (8–-
12 weeks old, weight: 180–220 g) obtained from Liaoning Changsheng Biotechnology Co., Ltd., under Animal License No. 
SCXK (Liao) 2020–0001.

Histopathological Observation of the Myocardium
The heart was longitudinally bisected along the ligature in the sagittal plane. One half was used for paraffin sectioning, 
and the other half was used for frozen sectioning. The myocardial tissue intended for paraffin sectioning was fixed in 4% 
paraformaldehyde for 24 h, embedded in paraffin, and then cut into thin sections (4 μm thick). Histopathological changes 
in the myocardium were examined via hematoxylin and eosin (H&E) staining, Sirius Red staining, and Masson’s 
trichrome staining. Images captured in the visual field of Sirius Red-stained sections and Masson-stained sections 
were used to analyze the area of collagen fibers.

Pathological Observation of Myocardial Microstructure
Fresh myocardial tissue was sectioned into 1 mm3 pieces and fixed in 2.5% glutaraldehyde solution for 24 h, followed by 
fixation in a 1% osmium fixative for 2 h. The samples were then dehydrated using a graded series of acetone and 
embedded using conventional electron microscopy techniques. The sections were cut to a thickness of 50 nm. 
Microstructural alterations in the myocardium were observed using transmission electron microscopy after double 
staining with uranyl acetate and lead citrate.

Echocardiography
The rats were anesthetized and fixed on an ultrasound platform. After skin preparation, the left ventricular ejection 
fraction (LVEF), left ventricular short-axis shortening (LVFS), left ventricular end-diastolic diameter (LVEDD), and left 
ventricular end-systolic diameter (LVESD) were detected using M-mode ultrasound to evaluate LV function.

Enzyme-Linked Immunoassay (ELISA) for Serum NT-proBNP, IL-6, IL-1β, and TNF-α 
Levels
ELISA was performed to determine the levels of serum amino-terminal brain natriuretic peptide precursor (NT-proBNP), 
interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-α (TNF-α) in the rats. The OD values were 
measured at 450 nm using an enzyme marker following the manufacturer’s instructions.
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Wheat Germ Agglutinin (WGA) Fluorescence Staining
The paraffin sections were deparaffinized in water, placed in an EDTA antigen repair solution for antigen repair, washed 
three times with phosphate buffer solution (PBS), and shaken dry. WGA staining solution was added dropwise, and the 
sections were incubated for 30 min at 37 °C in the dark. Then, the sections were blocked with an anti-fluorescence 
quenching sealer. Cells (n = 15) were randomly selected from each section in each group to quantify the average 
cardiomyocyte area (μm2), and the cell area was quantified using ImageJ.

ROS Fluorescence Staining
The frozen sections were rewarmed and dried. A histochemical pen was used to draw a circle around the tissue. Next, 
ROS stain and DAPI stain were added sequentially, after which the sections were placed in PBS, washed three times on 
a decolorizing shaker, and then sealed with a drop of anti-fluorescence quenching sealer after the water was controlled. 
Statistical analyses were performed using ImageJ.

TUNEL Fluorescence Staining
The paraffin-embedded sections were deparaffinized in water. After the TUNEL reaction mixture was added dropwise, 
the nuclei were restained. The sections were subsequently placed in PBS and washed three times on a decolorizing 
shaker. An anti-fluorescence quenching agent was added to the sealed samples, and statistical analysis was conducted 
using ImageJ.

Immunohistochemical (IHC) Staining to Detect p53 and p21 Expression in the 
Myocardium
The paraffin sections were deparaffinized in water, and after antigen retrieval, primary antibodies were added and 
incubated overnight at 4 °C. The samples were washed with PBS, and secondary antibodies were added dropwise to 
incubate for 1 h. Color was developed using DAB, followed by hematoxylin restaining. The expression of p53 and p21 in 
each group of sections was observed under an ordinary light microscope.

β-Galactosidase Staining of Rat Myocardial Tissue
The frozen sections were incubated with β-gal fixative, fixed at room temperature for 15 min, and washed with PBS three 
times. After the PBS was aspirated, the sections were immersed in the prepared staining working solution and incubated 
at 37 °C overnight. The sections were observed under an ordinary light microscope and statistically analyzed using 
ImageJ.

Immunofluorescence (IF) Staining to Detect Changes in p-CD3 Expression
After the frozen sections were washed with PBS, 0.5% Triton X-100 was added dropwise, and the samples were 
incubated at room temperature for 15 min to disrupt the membrane. Then, the sections were blocked for 30 min in 5% 
BSA in a 37 °C water bath and incubated with p-CD3 primary antibodies at 4 °C overnight. The fluorescent secondary 
antibodies were subsequently added dropwise and incubated at 37 °C for 1 h. After the nuclei were stained with DAPI, 
the slices were blocked, and statistical analysis was performed using ImageJ.

Fluorescence Quantitative Polymerase Chain Reaction (RT-qPCR)
In total, 0.5 cm of myocardial tissue around the infarcted area was thawed and homogenized. The TRIzol method was 
used to extract total RNA, which was reverse-transcribed into cDNA. The cDNA obtained was used as a template to 
quantitatively amplify the target genes MMP2, MMP9, and VEGFA and the internal reference gene GAPDH. RT-qPCR 
was performed under the following amplification conditions: predenaturation at 95 °C×30 s, amplification at 95 °C for 10 
s and 60 °C for 30 s for a total of 40 cycles, and extension at 72 °C for 2 min. The relative ratio of the target gene to 
GAPDH was used for expression, and the relative ratio was calculated via the 2–ΔΔCt method. The primer sequences are 
shown in Table 1.
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Western Blotting Detection of Rat Myocardial Tissue
First, 0.5 cm of myocardial tissue around the area of MI was collected from each group of rats. The tissue was ground in liquid 
nitrogen and lysed by adding RIPA lysis buffer. The mixture was subsequently centrifuged at 4 °C and 12000 rpm for 15 min. 
Next, the supernatant was aspirated, and the protein concentration was detected via the BCA method. Subsequently, 5× loading 
buffer and lysis buffer were added to determine the protein concentration, and protein denaturation was performed at 95 °C for 
5 min. The proteins were separated via sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by 
wet transfer to a PVDF membrane. The samples were blocked with 5% skim milk powder or 5% BSA at room temperature, 
after which they were incubated with primary antibodies against MMP2 (1:1000, Wanlei, Shenyang, China), MMP9 (1:1000, 
Wanlei, Shenyang, China), VEGFA (1:1000, Wanlei, Shenyang, China), cleaved-caspase 3 (1:750, Wanlei, Shenyang, China), 
Bax (1:750, PTM, Hangzhou, China), Bcl-2 (1:1000, Bioss, Beijing, China), PD1 (1:1000, Wanlei, Shenyang, China), p-CD28 
(1:1000, Affinity, Jiangsu, China), CD28 (1:1000, Affinity, Jiangsu, China), p-PI3K (1:1000, Affinity, Jiangsu, China), PI3K 
(1:1000, Affinity, Jiangsu, China), p-AKT (1:1000, Affinity, Jiangsu, China), AKT (1:1000, Affinity, Jiangsu, China), p-NFκB 
p65 (1:750, Wanlei, Shenyang, China), NFκB p65 (1:1000, Affinity, Jiangsu, China), GAPDH (Epizyme, 1:3000, Shanghai, 
China), and β-actin (1:1000, Wanlei, Shenyang, China) overnight at 4 °C on a shaker. The following day, the membrane was 
incubated with secondary antibodies at room temperature for 1 h, after which the ECL chromogenic solution was added 
dropwise to the PVDF membrane for protein banding. The gray values of the bands were analyzed using ImageJ.

Cell Culture, Oxygen-Glucose Deprivation (OGD), and Drug Administration
H9c2 cardiomyocytes were purchased from the Procell Cell Bank and cultured in high-sugar DMEM supplemented with 
10% fetal bovine serum and 1% penicillin-streptomycin solution containing 95% air and 5% CO2 in an incubator at 37 
°C. The cells used in all subsequent experiments were in the logarithmic growth phase.

H9c2 cardiomyocytes were exposed to OGD in vitro to simulate myocardial ischemia-hypoxia. The high-glucose medium 
for normally cultured H9c2 cells was replaced with sugar-free DMEM and placed in a triple-gas incubator containing 94% 
N2, 5% CO2, and 1% O2 for OGD modeling for 6 h. Unless otherwise indicated, ginkgetin (Yuanye, Shanghai, China) was 
added at a dose of 75 μM to the OGD-modeled cells for 6 h. Normally, cultured cells served as controls.

Cell Counting Kit-8 (CCK-8) Assay
H9c2 cardiomyocytes were inoculated in 96-well plates at a density of 1 × 104, and after wall attachment in normal 
culture, OGD modeling was conducted for 2 h, 4 h, 6 h, 8 h, 10 h, 12 h, and 24 h, after which the medium in the 96-well 
plates was discarded. The cells were rinsed with PBS once, and 100 µL of high-glucose medium containing 10 µL of 
CCK8 solution was added to each well of the plates. The cells were incubated in an incubator at 37 °C for 30 min in the 
dark, and the absorbance was measured at 450 nm using an enzyme marker.

Table 1 Sequences of Primers

mRNA Primer Sequence (5’–3’)

VEGFA Forward: GCAGCGACAAGGCAGACTATTC

Reverse: TGAGGGAGTGAAGGAGCAACC

MMP9 Forward: CATGCGCTGGGCTTAGATCA

Reverse: GAGGCCTTGGGTCAGGTTTAGAG

MMP2 Forward: TTTGGTCGATGGGAGCATGG

Reverse: ATAGCTGTGACCACCACCCT

GAPDH Forward: TCTCTGCTCCTCCCTGTTCT

Reverse: TACGGCCAAATCCGTTCACA
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Lactate Dehydrogenase (LDH) Secretion Assay
H9c2 cardiomyocytes were inoculated in 96-well plates at a density of 1 × 104, and OGD modeling was conducted as 
described in Section 2.16. The supernatant was transferred to a new 96-well plate, and cytotoxicity was assessed using an LDH 
kit following the manufacturer’s instructions. Finally, the absorbance was measured at 490 nm using an enzyme marker.

Immunofluorescence (IF) Staining to Detect Changes in MMP2, MMP9, VEGFA, p21 
and p53 Expression
H9c2 cells were cultured in 15 mm confocal Petri dishes. They were subjected to OGD modeling and drug 
administration for 6 h and washed three times with PBS. The membrane was disrupted by adding 0.5% Triton 
X-100 and incubated at room temperature for 15 min. Then, 5% BSA was added, and the mixture was placed in 
a 37 °C water bath and incubated for 30 min. MMP2, MMP9, VEGFA, p21, and p53 primary antibodies were added 
dropwise, after which the mixture was incubated at 4 °C overnight. Subsequently, fluorescent secondary antibodies 
were added dropwise, and the samples were incubated at 37 °C for 1 h. The sections were blocked after the nuclei were 
stained with DAPI. Photographs were taken using a laser scanning confocal microscope and statistically analyzed 
using ImageJ.

Western Blotting Detection of H9c2 Cardiomyocytes
H9c2 cells were subjected to OGD modeling and drug administration for 6 h. The cells were collected via trypsin 
digestion, washed with precooled PBS at 4 °C, and resuspended in lysis buffer. The remaining steps were the same as 
those described in Section 2.14. The primary antibodies (cleaved-caspase 3, Bax, and Bcl-2) were incubated with the 
samples overnight at 4 °C in a shaker.

β-Galactosidase Staining of H9c2 Cardiomyocytes
H9c2 cells were cultured in six-well plates for OGD modeling and drug administration for 6 h. After the medium was 
discarded, the cells were washed with PBS, followed by the addition of 1 mL of β-gal fixative per well, after which they were 
fixed for 15 min at room temperature and washed with PBS three times. The PBS was aspirated, and 1 mL of staining work-up 
solution was added to each well. A cling film was used to seal the six-well plates, which were incubated at 37 °C overnight. 
Observations were made under a light microscope, and statistical analyses were performed using ImageJ.

Statistical Analyses
Statistical analyses were performed using R (version 4.1.3). The threshold of significance for ssGSEA immune infiltra-
tion analysis and GO enrichment analysis was P < 0.05. SPSS (version 27) and GraphPad Prism (version 8) were used to 
analyze the experimental data, and the data are expressed as the means ± standard deviations (means ± SDs). The 
differences among multiple groups were determined by one-way analysis of variance (ANOVA), and all differences were 
considered statistically significant at P < 0.05.

Results
Results of Bioinformatics Analysis
Screening Results of Drug, Disease, and SASP-Targeting Genes
The initial step involved the screening of drug-targeting genes, identifying the target genes of ginkgetin across multiple 
databases: seven in CTDbase, 39 in Swiss Target Prediction, 11 in the binding database, eight in DrugBank, 254 in 
ChEMBL, 122 in SuperPred, and 56 in SEA, which summed to 422 unique drug-targeting genes after duplicates were 
eliminated. The DO enrichment analysis revealed that ginkgetin was enriched in atherosclerosis, which also implied that 
ginkgetin might play a protective role in the cardiovascular field (Figure 1A and B). Disease-targeting genes were 
subsequently screened by extracting genes from three datasets: GSE34198, GSE48060, and GSE97320. After removing 
duplicates, a total of 17,267 unique genes were obtained. The final step involved extracting SASP genes from WOS, and 
125 phenotype-targeted genes were identified.
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Figure 1 Results of screening for drug, disease, and SASP target genes and mCODE network construction. (A) Bubble plot of the results of the DO enrichment analysis 
sorted by the number of enriched genes. The red box shows that ginkgetin is enriched in atherosclerosis. (B) A bar graph of the results of the DO enrichment analysis 
sorted by P value. The red box shows that ginkgetin is enriched in atherosclerosis. (C) Venn diagram of MI genes intersecting with SASP genes. (D) Venn diagram of CGs 
intersecting with drug target genes. (E) PPI protein interaction network diagram. (F) mCODE coregulation network diagram. (G) mCODE network Ginkgetin-CGs key gene 
score ranking.
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Results of mCODE Network Construction
Fusing disease and SASP gene data resulted in the identification of 122 CGs (Figure 1C). After CGs were merged with 
drug target genes and duplicates were eliminated, 531 genes were identified (Figure 1D). A PPI network map was 
subsequently constructed using the STRING website (Figure 1E). A PPI network was generated via the cytoNCA plugin 
in Cytoscape, with centrality size as a criterion. The highest-scoring gene network subgroup, comprising 53 key cluster 
genes in this subgroup (Figure 1F), was then identified via the mCODE plugin. This subgroup has six ginkgetin-CGs key 
genes, including MMP2, MMP9, VEGFA, MMP1, PLAU, and PGF (Figure 1G). Three of the most relevant genes, 
MMP2, MMP9, and VEGFA, were selected on the basis of degree and score ranking.

Results of ssGSEA
The ssGSEA method was used to evaluate the characteristics of 63 immune cells/functions and to identify differences 
between the MI and normal groups. The results revealed significant differences in 49 immune cells/functions, primarily 
characterized by T-cell co-suppression, between the MI and normal groups (P < 0.05) (Figure 2A). The correlations 
between key cluster genes and immune cells/functions were subsequently analyzed (Figure 2B). A comparison of the 
numbers of *, **, and *** genes revealed nine genes associated with activation and 16 genes associated with inhibition 
of the T-cell receptor (TCR) signaling pathway. Thus, ginkgetin may contribute to cardioprotection after MI by 
mitigating the senescent apoptosis of cardiomyocytes by inhibiting the activation of the TCR signaling pathway.

Results of the GO Enrichment Analysis
GO enrichment analysis of drug target genes (Figure 3A), CGs (Figure 3B), and key cluster genes (Figure 3C) revealed 
specific patterns in CC, where both membrane rafts and membrane microdomains were enriched across drug targets, 
CGs, and key cluster genes. However, no significant enrichment was observed in BP or MF across the three analyses up 
to the intersection node (Figure 3A-C). These findings suggest that ginkgetin may exert cardioprotective effects by 
targeting the cell membrane and thus mitigate the senescent apoptosis of cardiomyocytes following MI.

Ginkgetin Ameliorates Myocardial Pathological Damage After MI
Coronary ligation was performed to induce MI in SD rats, followed by a six-week treatment regimen involving gavage of 
GBE. Histopathological changes in the myocardium were assessed via H&E staining, Sirius Red staining, Masson 
staining, and transmission electron microscopy (TEM). The H&E staining results indicated that in the sham-operated 
group, cardiomyocytes displayed uniform staining with a regular morphology, tight arrangement, centrally located 
rounded nuclei, and no cellular gaps or inflammatory infiltration. In contrast, cardiomyocytes in the model group 
exhibited edema, disorganized arrangement, increased cellular gaps, unevenness, shrinkage, strain, and mild inflamma-
tory infiltration. Compared with the model group, both the ZOK group and various GBE-treated groups presented 
reduced cardiomyocyte edema, increased regular arrangement, and decreased inflammatory infiltration, with the greatest 
improvements recorded in the high-dose GBE group (Figure 4A). Sirius Red staining revealed that, relative to that in the 
sham-operated group, the normal myofibrillar tissue (yellow) in the model group was markedly decreased and supplanted 
by collagen fiber (red) deposition. However, the ZOK-treated and GBE-treated groups, especially the high-dose GBE 
group, presented significantly decreased MI-induced collagen fiber deposition (Figure 4B and E). Similarly, Masson 
staining revealed a significant decrease in collagen fiber (blue) deposition postinfarction in the ZOK- and GBE-treated 
groups (Figure 4C and F). TEM examination further revealed that, compared with those in the sham-operated group, 
myogenic fibers in the model group were disrupted, with marked and sparse mitochondrial swelling and the disappear-
ance of mitochondrial cristae. In comparison, the GBE-treated groups presented neatly aligned myogenic fibers, 
significantly reduced mitochondrial swelling, and denser mitochondrial cristae (Figure 4D). These findings indicate 
that ginkgetin can mitigate myocardial pathological injury post-MI in rats.

Ginkgetin Improves Cardiac Decompensation After MI
To investigate the effect of ginkgetin on cardiac function following MI in rats, echocardiography, ELISA, and WGA 
staining were performed. Compared with those in the sham-operated group, the LVEF and LVFS were significantly lower 
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Figure 2 Results of ssGSEA. (A) Box plot of differential immunodiffusion. (B) Heatmap of the immunodiffusion of key cluster genes; * P < 0.05, ** P < 0.01, and *** P < 0.001.
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Figure 3 Results of the GO enrichment analysis. (A) A histogram of drug target genes GO enrichment analysis results. The red box indicates that drug target genes are 
enriched in membrane rafts and membrane microdomains. (B) A histogram of CGs GO enrichment analysis results. The red box indicates that CGs are enriched in 
membrane rafts and membrane microdomains. (C) A histogram of key cluster genes GO enrichment analysis results. The red box indicates that key cluster genes are 
enriched in membrane rafts and membrane microdomains.
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Figure 4 Ginkgetin ameliorates myocardial pathological injury after MI. (A) H&E staining results of the myocardial tissues of the rats in each group. (B) Sirius Red staining 
results for the myocardial tissues of the rats in each group. (C) Masson staining results of the myocardial tissues of the rats in each group. (D) Ultrastructural TEM 
examination of the myocardial tissues of the rats in each group; 5000×, scale bar = 2 μm. The black single arrows represent crista-structured dense mitochondria. The red 
single arrows indicate mitochondria with sparse cristae. The black double arrows represent myogenic fibers. The red double arrows indicate broken myogenic fibers. (E) 
Quantitative analysis of the collagen content via Sirius Red staining. (F) Macroscopic measurement of the fibrotic area via Masson staining. Longitudinal section × 200, scale 
bar = 200 μm; ## P < 0.01 compared with the sham-operated group; ** P < 0.01 compared with the model group. (�x±s, n = 3).
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in the model group, whereas the LVEDD and LVESD were significantly greater. Compared with the model group, the 
ZOK group presented a significant improvement in LVEF and a reduction in LVESD thickness, although no notable 
changes in LVFS or LVEDD were observed. The GBE dose groups showed significant improvements in LVEF and 
LVFS, along with reduced thicknesses of the LVEDD and LVESD (Figure 5A and B). ELISA revealed a significant 
increase in serum NT-proBNP levels in the model group compared with those in the sham-operated group, with notable 
reductions observed in the ZOK group and across all the GBE dose groups (Figure 5C). WGA staining revealed 
significant cardiomyocyte hypertrophy in the model group relative to the sham-operated group, whereas the number of 
cardiomyocytes was significantly lower in the ZOK and GBE dose groups (Figure 5D and E). As bioinformatics analysis 
revealed that MMP2, MMP9, and VEGFA were the genes associated with Ginkgetin-MI-SASP, RT-qPCR, and WB were 
conducted to assess the expression of these genes in myocardial tissues across the different rat groups. The results 
revealed that the expression of MMP2 and MMP9 was significantly lower in each GBE dose group than in the model 
group and that the expression of VEGFA was significantly greater in each GBE dose group than in the model group 
(Figure 5F–H). Therefore, ginkgetin can improve cardiac decompensation following MI, which highlights its high 
efficacy as a therapeutic agent in the management of post-MI cardiac dysfunction.

Ginkgetin Alleviates Inflammatory Infiltration and Senescent Apoptosis in 
Cardiomyocytes After MI
Following MI, the necrosis of cardiomyocytes in the infarcted area triggers a sustained inflammatory cascade bordering 
cardiomyocytes, leading to their senescent apoptosis. To elucidate the mechanism through which ginkgetin improves 
cardiac function postinfarction, various assays, including ROS staining, ELISA, TUNEL staining, WB, immunohisto-
chemistry, and β-Galactosidase staining, were performed to determine the effects on inflammation, apoptosis, and 
senescence. Compared with the sham-operated group, the model group presented significantly greater fluorescence 
intensity of ROS. While the ZOK group presented no significant change in fluorescence intensity compared with the 
model group, the GBE dose groups presented a substantial decrease in ROS fluorescence intensity, particularly the high- 
dose group (Figure 6A and B). The ELISA results revealed that GBE at all doses significantly decreased the expression 
of the inflammatory factors IL-6, IL-1β, and TNF-α (Figure 6C). TUNEL staining revealed a significantly greater 
percentage of apoptotic cardiomyocytes in the model group than in the sham-operated group, and the percentage of 
apoptotic cardiomyocytes was significantly lower in the ZOK group and all the GBE dose groups (Figure 6D and E). The 
results of the WB assays revealed a decrease in the expression of the apoptosis markers cleaved caspase 3 and Bax and an 
increase in the expression of the anti-apoptotic marker Bcl-2 in the high-dose GBE group (Figure 6F and G). 
Immunohistochemistry revealed significantly greater expression of the senescence markers p21 and p53 in the model 
group than in the sham-operated group, with a significant reduction in their expression across all the GBE dose groups 
(Figure 7A and C). β-Galactosidase staining confirmed a lower positive rate of senescence in cardiomyocytes in the high- 
dose GBE group (Figure 7B and D). Therefore, ginkgetin attenuates inflammatory infiltration in cardiomyocytes at the 
infarct border and decreases the occurrence of senescent apoptosis in cardiomyocytes by scavenging ROS.

Ginkgetin Modulates T-Cell Signaling Pathway Activation for Cardioprotection
Bioinformatics predictions suggested that ginkgetin might confer cardioprotection by modulating the activation of the 
TCR signaling pathway. To test this hypothesis, IF staining was performed to assess the expression of p-CD3, a T-cell 
surface marker, in myocardial tissues from each rat group, and WB analysis was performed to evaluate the expression of 
proteins associated with the TCR signaling pathway. The IF staining results revealed a significantly greater p-CD3 
fluorescence intensity in the model group than in the sham-operated group. The ZOK- and GBE-treated groups presented 
significantly lower fluorescence intensities than did the model group, with the lowest levels observed in the high-dose 
GBE group (Figure 8A and B). WB analysis revealed no significant difference in the expression of the negative T-cell 
surface regulatory factor PD1 across the groups (Figure 8C and E). However, the phosphorylation of CD28, a positive 
regulator on the T-cell surface, was significantly greater in the model group than in the control group; this finding 
indicated that the TCR signaling pathway was more active in the model group. This phosphorylation was significantly 
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Figure 5 Ginkgetin ameliorates cardiac decompensation after MI. (A) M-mode ultrasound results of the rats in each group. (B) M-mode echocardiographic LVEF (%), LVES 
(%), LVEDD, and LVESD data of the rats in each group. (C) Differential histograms of the serum NT-pro BNP levels in the rats in each group (�x±s, n = 7). (D) WGA 
fluorescence staining results of rat myocardial tissue from each group. Longitudinal cut × 600, scale bar = 50 μm. (E) Differential histogram of the surface area of rat 
cardiomyocytes in each group. (F) Histogram of the relative expression of the MMP2, MMP9, and VEGFA mRNAs in the myocardial tissues of the rats in each group. (G) WB 
bands showing MMP2, MMP9, and VEGFA protein expression in the myocardial tissues of the rats in each group. (H) Quantitative analysis of MMP2, MMP9, and VEGFA 
expression in each group; # P < 0.05 and ## P < 0.01 compared with the sham-operated group; * P < 0.05 and ** P < 0.01 compared with the model group (�x±s, n = 3).
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Figure 6 Ginkgetin alleviates inflammatory infiltration and apoptosis after MI. (A) Results of ROS staining of rat myocardial tissues from each group. Longitudinal section × 
400, scale bar = 50 μm. (B) Quantitative analysis of ROS fluorescence intensity. (C) Differential histograms of the serum levels of the inflammatory factors IL6, IL-1β, and 
TNF-α in the rats in each group. (�x±s, n = 7). (D) TUNEL results of rat myocardial tissue from each group. Longitudinal section × 400, scale bar = 50 μm. (E) Quantitative 
analysis of the percentage of TUNEL-positive apoptotic cells. (F) WB bands showing cleaved caspase 3, Bax, and Bcl-2 protein expression in the myocardial tissues of the rats 
in each group. (G) Quantitative analysis of cleaved caspase 3, Bax, and Bcl-2 expression in each group; # P < 0.05 and ## P < 0.01 compared with the sham-operated group; ns 

P > 0.05, * P < 0.05, and ** P < 0.01 compared with the model group (�x±s, n = 3).
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lower in the GBE dosage groups than in the model group (Figure 8D and F). Additionally, the expression of p-PI3K, 
a gene downstream of CD28, along with AKT and NFκB phosphorylation, was significantly greater in the model group 
than in the sham-operated group. The phosphorylation of PI3K and AKT was significantly lower in the GBE dose groups 
than in the model group. Moreover, NFκB phosphorylation was significantly lower in the high-dose GBE group 
(Figure 8G and H). These findings suggest that ginkgetin may achieve cardioprotective effects by regulating the 
activation of the TCR signaling pathway, specifically by inhibiting the phosphorylation of CD3 and CD28. This 
mechanism supports the therapeutic role of ginkgetin in improving cardiac function post-MI.

Ginkgetin Alleviates OGD-Induced Senescent Apoptosis and Protects 
Cardiomyocytes
To assess the ability of ginkgetin to mitigate cytotoxicity, H9c2 cardiomyocytes were subjected to OGD to mimic myocardial 
ischemia. CCK8 and LDH assays of OGD-induced H9c2 cardiomyocytes revealed a significant decrease in cell viability and 
an increase in cytotoxicity after exposure to OGD. After 6 h of exposure to OGD, the cell viability decreased to 49.38 ±1.99%, 
and the mortality rate increased to 52.10 ±2.03%, establishing a suitable baseline for further experiments (Figure 9A and B). 
H9c2 cells were subsequently treated with various concentrations of ginkgetin for 6 h. The results of the CCK8 and LDH 

Figure 7 Ginkgetin alleviates cardiomyocyte senescence after MI. (A) Results of IHC staining for p21 and p53 in rat myocardial tissues from each group. Longitudinal section 
× 200, scale bar = 50 μm. (B) Results of β-Galactosidase staining of rat myocardial tissue from each group. Longitudinal section × 400, scale bar = 100 μm. (C) Quantitative 
analysis of the average optical density of p21 and p53 detected by IHC. (D) Quantitative analysis of the positive rate of β-Galactosidase staining. ## P < 0.01 compared with 
the sham-operated group; ns P > 0.05, * P < 0.05, and ** P < 0.01 compared with the model group (�x±s, n = 3).
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Figure 8 Ginkgetin modulates the activation of the T-cell signaling pathway for cardioprotection. (A) Immunofluorescence staining results of p-CD3 in the myocardial tissues 
of the rats in each group. Longitudinal section × 400, scale bar = 50 μm. (B) Quantitative analysis of p-CD3 fluorescence intensity. (C) WB bands showing PD-1 protein 
expression in the myocardial tissues of the rats in each group. (D) WB bands showing CD28 and p-CD28 protein expression in the myocardial tissues of the rats in each 
group. (E) Quantitative analysis of PD1 expression in each group. (F) Quantitative analysis of the p-CD28/CD28 ratio in each group. (G) WB bands showing p-PI3K, PI3K, 
p-AKT, AKT, p-NFκB, and NFκB protein expression in rat myocardial tissues from each group. (H) Quantitative analysis of the p-PI3K/PI3K ratio, p-AKT/AKT ratio, and 
p-NFκB/NFκB ratio in each group. Note: In (E), ‘ns’ indicates that no statistically significant difference in PD1 expression was detected between this group and any other 
group. Residual plots # P < 0.05 and ## P < 0.01 compared with the sham-operated group; ns P > 0.05, * P < 0.05, and ** P < 0.01 compared with the model group (�x±s, n = 3).
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Figure 9 Ginkgetin attenuates elevated OGD-induced cytotoxicity, improves cell viability, and protects cardiomyocytes. (A) A CCK8 assay was performed to assess the 
viability of H9c2 cells exposed to OGD at different time points. (B) LDH release assays were performed to detect the cytotoxicity of H9c2 cells exposed to OGD at 
different time points. (C) A CCK8 assay was performed to detect the viability of H9c2 cells exposed to different concentrations of ginkgetin for 6 h. (D) LDH release assays 
were conducted to detect the cytotoxicity of different concentrations of ginkgetin to H9c2 cells after 6 h of treatment. (E) A CCK8 assay was conducted to detect the 
viability of H9c2 cells exposed to different concentrations of ginkgetin for 6 h under OGD conditions. (F) LDH release assays were conducted to detect the cytotoxicity of 
different concentrations of ginkgetin to H9c2 cells after 6 h of OGD treatment. (G) IF staining was performed for MMP2 in H9c2 cells from each group; 1200×; scale 
bar = 20 μm. (H) IF staining was performed for MMP9 in H9c2 cells from each group; 1200×; scale bar = 20 μm. (I) IF staining was performed for VEGFA in H9c2 cells in 
each group; 1200×; scale bar = 20 μm. (J) Quantitative analysis of MMP2 fluorescence intensity. (K) Quantitative analysis of MMP9 fluorescence intensity. (L) Quantitative 
analysis of VEGFA fluorescence intensity. For (A-D), ns P > 0.05 and ** P < 0.01 compared with the control group. Residual plots ## P < 0.01 compared with the control 
group; ** P < 0.01 compared with the OGD-treated group (�x±s, n = 3).
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assays indicated that, compared with no treatment, treatment with ginkgetin at concentrations ranging from 25–75 μM did not 
significantly alter cell viability or cytotoxicity (Figure 9C and D). After treatment with OGD, the 75 μM ginkgetin-treated 
group demonstrated the strongest protection against OGD-induced damage (Figure 9E and F). To assess the protective effects 
of ginkgetin on H9c2 cardiomyocytes in vitro, the expression levels of the key target genes MMP2, MMP9, and VEGFA were 
examined through IF staining. The results revealed that the expression of MMP2 and MMP9 was significantly lower and that 
the expression of VEGFA was significantly greater in the ginkgetin-treated group than in the OGD group (Figure 9G–L). WB 
analysis, IF staining, and β-Galactosidase staining were subsequently conducted to determine whether ginkgetin could 
alleviate OGD-induced senescent apoptosis in cellular experiments. Compared with the OGD group, the ginkgetin-treated 
group presented lower expression of the apoptotic markers cleaved caspase 3 and Bax and higher expression of the anti- 
apoptotic marker Bcl-2 (Figure 10A and B). The results of IF staining revealed a significant reduction in the expression of the 
senescence markers p21 and p53 in the ginkgetin-treated group compared with the OGD group (Figure 10C–F). Similarly, β- 
Galactosidase staining indicated that ginkgetin administration significantly mitigated the cardiomyocyte senescence induced 
by OGD (Figure 10G and H). Therefore, ginkgetin significantly attenuated elevated OGD-induced cytotoxicity, increased cell 
viability, and alleviated OGD-induced senescent apoptosis, thus protecting cardiomyocytes.

Discussion
Previous studies on GBE have predominantly investigated its anti-inflammatory and anticoagulant properties, facilitating 
its extensive use in managing neurological disorders and peripheral vascular conditions. We performed DO enrichment 
analysis and found that ginkgetin can be enriched in atherosclerosis, suggesting its promising therapeutic role in CVD. 
Moreover, bioinformatics analysis revealed that the key targets of ginkgetin for MI treatment were MMP2, MMP9, and 
VEGFA. Immune infiltration analysis revealed that ginkgetin might be involved in immune regulation by acting on the 
TCR signaling pathway. Additionally, GO enrichment analysis revealed that ginkgetin might alleviate the senescent 
apoptosis of cardiomyocytes after MI by acting on the cell membrane to protect the heart. By conducting animal 
experiments, we found that ginkgetin exerts cardioprotective effects by inhibiting myocardial fibrosis and cardiomyocyte 
hypertrophy around the infarcted area after infarction, scavenging oxygen free radicals, attenuating postinfarction 
marginal cell inflammatory infiltration, inhibiting the activation of inflammatory-immune pathways, and delaying the 
occurrence of postinfarction peripheral cell senescent apoptosis. In vitro cellular experiments confirmed that ginkgetin 
significantly attenuated OGD-induced increased cytotoxicity, improved cell viability, and alleviated OGD-induced 
senescent apoptosis, thus protecting cardiomyocytes. Additionally, we preliminarily demonstrated that ginkgetin might 
regulate the activation of the TCR signaling pathway by inhibiting the phosphorylation of CD3 and CD28 on the surface 
of the T-cell membrane.

Several studies have shown that cardiomyocytes undergo “stress senescence” post-MI,27 with senescent cells 
persistently affecting the surrounding microenvironment,12 secreting inflammatory mediators and chemokines,28 and 
recruiting immune cells to sustain inflammation.29,30 Consequently, the inflammatory-immune pathway remains active, 
placing infarct border cells and even all ventricular cells in a state of immune infiltration. These changes further 
exacerbate senescent apoptosis in cardiomyocytes at the infarct border. We verified the immunomodulatory effects of 
ginkgetin in terms of inflammation, apoptosis, and senescence. H&E staining revealed that cardiomyocyte edema and 
inflammatory infiltration were significantly reduced in MI model rats in each GBE dose group. The ELISA results 
revealed that each GBE dose significantly decreased the expression of the inflammatory factors IL-6, IL-1β, and TNF-α 
and attenuated inflammatory infiltration. TUNEL staining and WB analysis indicated that high-dose GBE had high anti- 
apoptotic efficacy. IHC and β-Galactosidase staining suggested that high-dose GBE considerably delayed cardiomyocyte 
senescence. The results of the cellular experiments confirmed that ginkgetin alleviated OGD-induced senescence and 
apoptosis. MI leads to the transformation of cardiac fibroblasts into myofibroblasts,31 which secrete large amounts of 
extracellular matrix proteins (ECMs),32 replacing most of the myocardium with dense collagen fibers after MI.33 Masson 
and Sirius Red staining indicated that the GBE extracts in all the GBE dose groups significantly decreased collagen fiber 
deposition. Mitochondrial dysfunction, which leads to an increase in ROS production and oxidative stress damage,34 

promotes cellular senescence.35 Overproduction of ROS further exacerbates structural damage to mitochondria in injured 
cardiomyocytes;36 thus, some researchers have proposed targeting mitochondria to scavenge ROS, attenuate 
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Figure 10 Ginkgetin alleviates OGD-induced senescent apoptosis. (A) WB bands showing cleaved caspase 3, Bax, and Bcl-2 protein expression in H9c2 cardiomyocytes 
from each group. (B) Quantitative analysis of cleaved caspase 3, Bax, and Bcl-2 expression in each group. (C) IF staining was performed for p21 in H9c2 cells from each 
group; 400×; scale bar = 50 μm. (D) Quantitative analysis of p21 fluorescence intensity. (E) IF staining was performed for p53 in H9c2 cells from each group; 400×; scale 
bar = 50 μm. (F) Quantitative analysis of p53 fluorescence intensity. (G) Results of β-Galactosidase staining of H9c2 cardiomyocytes from each group; 400×; scale bar = 
50 μm. (H) Quantitative analysis of β-Galactosidase staining positivity. ## P < 0.01 compared with the blank control group; ** P < 0.01 compared with the OGD-treated group 
(�x±s, n = 3).
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inflammatory infiltration, and improve mitochondrial morphology and function to alleviate myocardial fibrosis.37 Our 
TEM results revealed a significant improvement in the mitochondrial microstructure across all the GBE dose groups. 
ROS fluorescence staining also revealed a significant reduction in mitochondrial ROS production in cardiomyocytes 
treated with GBE.

Matrix metalloproteinases (MMPs) play crucial roles in the degradation of extracellular matrix proteins, and their 
overactivation leads to cardiomyocyte slippage and loss of cardiac homeostasis.38 Post-MI, MMPs recruit immune cells 
to clear necrotic and senescent cardiomyocytes, which, along with recruited immune cells, release different types of 
proinflammatory factors, triggering extensive activation of MMPs,39 accelerating myocardial structural changes, and 
leading to dysfunctional myocardial remodeling.40 VEGFA, a vascular endothelial growth factor, enhances angiogenesis 
at the lesion site post-MI, facilitating collateral circulation to meet the blood supply demand of the heart.41 Transient 
expression of the VEGF gene can prevent the enlargement of infarcts and ventricular remodeling post-MI.42 The results 
of our WB, RT-qPCR, and cellular immunofluorescence assays revealed a significant decrease in MMP2 and MMP9 
expression and an increase in VEGFA expression in the GBE dose groups and the ginkgetin treatment groups.

T cells, critical leukocytes in the immune response, recognize cell membrane surface antigens via the TCR and 
stimulate an immune response.43 Under normal circumstances, innate and adaptive immune cells maintain homeostasis. 
After MI, T cells migrate as adaptive immune cells from the blood to diseased tissue, where immune infiltration can 
maintain cardiac homeostasis.44,45 However, the post-MI accumulation of senescent cells in vivo triggers the release of 
different types of inflammatory factors, disrupting immune homeostasis and leading to excessive activation of the TCR 
signaling pathway. The TCRα/β heterodimer in the T-cell membrane couples with the CD3 complex to form the TCR- 
CD3 complex, and the binding of antigens to TCR-αβ results in the phosphorylation of CD3 ITAMs, thus transmitting 
activation signals.46 We found that GBE significantly decreased the phosphorylation level of CD3 across all dosage 
groups. Programmed cell death protein 1 (PD1), a co-inhibitory receptor found on the surface of T cells, is predominantly 
expressed in nonfunctional and exhausted T cells,47 making targeting PD1 a popular cancer treatment strategy.48 CD28 
acts as a co-stimulatory receptor in T cells, where the phosphorylation of CD28 YMNM motifs recruits PI3K. The 
activation of PI3K leads to the downstream phosphorylation of AKT and nuclear factor inhibitor κB (IκB). This causes 
NFκB to be released from the IκB complex in the cytoplasm and subsequently translocate into the nucleus to regulate 
gene expression.49 Our findings revealed no significant differences in PD1 expression across groups; however, the levels 
of p-CD28, p-PI3K, p-AKT, and p-NFκB were significantly reduced in the GBE treatment groups. Thus, it is highly 
plausible that ginkgetin modulates the activation of the TCR signaling pathway by dephosphorylating CD3 and CD28.

To summarize, our results confirmed that ginkgetin can delay senescent apoptosis and provide cardioprotection to 
infarct border cells after MI. The effects of ginkgetin were most likely achieved by dephosphorylating CD3 and CD28 to 
downregulate the activation signals of the TCR signaling pathway.
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