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A B S T R A C T   

Background: Myocardial infarction (MI) remains one of the major causes of high morbidity and 
mortality worldwide. Danggui Buxue Decoction (DBD)—an ancient Chinese herbal decoc-
tion—has been used to prevent coronary heart disease, which was called “chest palsy” in ancient 
clinics. However, the mechanism of DBD in the treatment of MI remains unclear. The aim of this 
study was to explore the effect and mechanism of DBD on MI by combining network pharma-
cology with in vivo experiments. 
Materials and methods: First, public databases were used to identify the key active chemicals and 
possible targets of DBD. The MI targets were obtained from the Therapeutic Target Database, and 
the function of the target genes in relation to linked pathways was investigated. Subsequently, 
Cytoscape software was used to build a target-signaling pathway network. Finally, the efficacy of 
DBD therapy on MI was validated using in vivo investigations combined with molecular docking. 
Results: In traditional Chinese medicine systems pharmacology database and analysis platform 
(TCMSP), 27 bioactive compounds were screened from DBD. A total of 213 common targets were 
obtained, including 507 DBD targets and 2566 MI targets. Enrichment analysis suggests that 
PI3K/AKT is a potential signaling pathway for DBD-based protection. Immunofluorescence and 
protein blotting confirmed PI3K/AKT1, ERK2, and CASPASE-9 as the target proteins. Molecular 
docking analysis showed that quercetin, kaempferol, isoflavanones, isorhamnetin, hederagenin, 
and formononetin had high binding affinity to AKT1, ERK2, and CASPASE-9. 
Conclusions: This study demonstrated that the therapeutic benefit of DBD on MI may be mediated 
via target proteins in the PI3K/AKT pathway, such as AKT1, ERK2, and CASPASE-9. Our study 
data can help to provide ideas and identify new treatment targets for MI.   

1. Introduction 

Cardiovascular diseases (CVDs) have high global incidence and are a serious threat to human health with high rates of mortality [1, 
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2]. Myocardial infarction (MI) is one of the most acute forms of ischemic heart disease, and refers to the necrosis of any size of 
myocardial cells induced by myocardial ischemia. MI-related morbidity has declined in recent years owing to widespread use of 
thrombolysis, cardiac interventional surgery, and drug discovery, but the mortality rate remains high. Treatment with creatine 
phosphate and ubidecarenone has short-term effects on improving the energy process in contraction, while beta-receptor blockers and 
calcium antagonists are used to relieve chronic coronary syndrome. Several studies have found that traditional Chinese medicine 
(TCM) has obvious advantages in the treatment of MI [3–5]. 

Danggui Buxue Decoction (DBD), composed of Astragali Radix [AR; roots of Astragalus membranaceus (Fisch). Bunge or 
A. membranaceus (Fisch). Bunge var. mongholicus (Bunge) Hsiao] and Angelicae Sinensis Radix [ASR; roots of Angelica sinensis (Oliv.) 
Diels] was recorded in “Neiwaishang Bianhuo lun” by Li Dongyuan in the Jin dynasty (about AD 1247), and was at a ratio of 5:1 [6,7]. 
To date, DBD has been found to have various clinical benefits that are useful in cardioprotection [8,9] and amelioration of blood 
deficiency [10–12]. In addition, laboratory studies have found that DBD has anti-oxidative [13], anti-myocardial fibrosis [14], 
anti-inflammatory [15], and immune regulatory properties [16]. According to TCM, DBD can be used to prevent cardiovascular and 
circulatory diseases based on “Xing Qi Huo Xue” and treat MI. However, the correlation between the active chemicals in DBD and the 
underlying mechanisms has not yet been clarified, which has hindered the public acceptance of TCM. 

Network pharmacology is a relatively new science that is based on systems biology and has a multi-directional approach. It uses 
data analysis software and biological algorithms to carry out drug molecular design and target analysis, as well as anticipate drug 
pharmacological mechanisms [17,18]. The network pharmacology technique has been frequently employed in TCM, which is 
consistent with the latter’s holistic idea as well as syndrome differentiation and therapy [19]. Molecular docking plays an important 
role in predicting the binding affinity between novel drugs and peptides or proteins [20–22]. In addition, molecular docking can be 
performed to validate the binding ability of compounds to target proteins [23–25]. Therefore, in this study, we evaluated the un-
derlying mechanism of DBD on MI through network pharmacology-based methods and further confirmed this mechanism by molecular 
docking studies to identify core target genes. We also established an in vivo model for experimental validation of the predicted core 
targets to verify the reliability of the network pharmacology methodology. 

2. Materials and methods 

2.1. Analysis of DBD by network pharmacology 

2.1.1. Candidate compound screening 
Drugs are often administered orally in clinical treatment. Therefore, we used the keywords “Radix Astragali” and “Radix Angelicae 

Sinensis” to screen the active ingredients and targets in the Traditional Chinese Medicine Systems Pharmacology Database and 
Analysis Platform (TCMSP, http://tcmspw.com/tcmsp.php) [25]. Previous research found that ferulic acid, ligustilide, Astragaloside 
(AS)-II, AS-III, AS-IV, and calycosin-7-O-D-glucoside added on the screening list [14,26]. 

2.1.2. Potential MI targets of DBD 
The MI-related gene targets were collected by searching the keywords “MI” from four databases, namely GeneCards (database of 

human genes, https://www.genecards.org/, v5.3.0) [27]; Online Mendelian Inheritance in Man (OMIM, http://www.omim.org/, 

Abbreviations 

MI Myocardial infarction 
DBD Danggui Buxue Decoction 
CVDs Cardiovascular diseases 
TCM traditional Chinese medicine 
AR Roots of Astragalus membranaceus (Fisch.) Bunge var. mongholicus (Bunge) Hsiao 
ASR Angelica sinensis (Oliv.) Diel 
TCMSP traditional Chinese medicine systems pharmacology database and analysis platform 
OB oral bioavailability 
DL drug-likeness 
OMIM Online Mendelian Inheritance in Man 
TTD Therapeutic Target Database 
GO Gene Ontology 
KEGG Kyoto Encyclopedia of Genes and Genomes 
BP biological process 
CC cellular component 
MF molecular function 
LAD left anterior descending 
TTC 2,3,5-Triphenyltetrazolium Chloride 
H&E hematoxylin and eosin  
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updated June 26, 2021) [28]; Therapeutic Target Database (TTD, http://db.idrblab.net/ttd/, updated June 1, 2020); and Drugbank 
database (https://go.drugbank.com/, version 5.1.8). All corresponding targets for each potential active compound were collected from 
the TCMSP and matched using the SwissTargetPrediction (http://www.swisstargetprediction.ch/) database with a high probability 
(score>0.1) included in the results [29]. Then, these targets were normalized in Uniprot (https://www.uniprot.org/) [30]. Subse-
quently, we drew a Venn diagram using Draw Venn Diagram (http://bioinformatics.psb.ugent.be/webtools/Venn/) to summarize the 
intersections between DBD and MI. 

2.1.3. Construction of drug-component-target-disease network 
The topology network of DBD compounds in correlation with gene targets was used to collect the most active chemical components 

in response to MI treatment. This was analyzed using Cytoscape software (version 3.8.2; https://www.cytoscape.org/) [31], which 
quantified the degree of each node and made nodes with higher degree values larger. A greater number of edges for the compound 
nodes corresponded to a higher activity level. 

2.1.4. Screening of action targets and construction of protein–protein interaction (PPI) network 
The PPI network was built using the STRING protein interaction analysis platform (Search Tool for the Retrieval of Interacting 

Genes 11.0) database (https://string-db.org/) [32] by importing the overlapping gene targets of DBD and MI and specifying the species 
as “Homo sapiens” with a cut-off confidence score of ≥0.9. Furthermore, we utilized Cytoscape’s CytoHubba plugin to present the PPI 
network picture, with deeper-colored nodes signifying higher scores [33]. To select core genes in the network, the top overlapping 
genes among significant topological parameters such as Degree, Betweenness, Closeness, and Maximal Clique Centrality (MCC) were 
analyzed. In addition, the Molecular Complex Detection (MCODE) plugin was based on the topology to identify densely connected 
regions in the PPI network, with a higher score indicating greater correlation of the nodes [34]. 

2.1.5. Pathway and functional enrichment analysis 
The Gene Ontology (GO) [35] and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis [36] were 

considered statistically significant to screen out the potential signaling pathway associated with the mechanism of action of DBD 
against MI. The GO terms including biological process (BP), cellular component (CC), and molecular function (MF) together with KEGG 
were performed using the Functional Annotation Tool in DAVID and Metascape, with P < 0.05 as the screening criterion. 

2.1.6. Molecular docking validation 
Molecular docking is frequently performed in drug discovery studies owing to its capacity to shed light on the mechanism of 

bindings between the target proteins and drug molecular ligands [37]. All molecular compound 2D structure SDF files were derived 
from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/). In addition, PDB format of the core targets was downloaded from 
the RCSB database (http://www.rcsb.org/). CB-Dock software (http://clab.labshare.cn/cb-dock/php/) was used for molecular 
docking, and the binding ability between ligand and receptor was evaluated according to the Vina score [38]. 

2.2. Experimental validation 

2.2.1. Reagents and materials 
Roots of Astragalus membranaceus (Fisch.) Bunge var. mongholicus (Bunge) Hsiao (AR) and Angelica sinensis (Oliv.) Diel (ASR) (Batch 

2011060081) were purchased from Huqiaogroup Co., Ltd. (Bozhou, China). Primary antibodies against AKT1 (AF0836) and CASPASE- 
9 (AF6348) were purchased from Affinity Biosciences (OH, USA), and primary ERK2 (GB11370) antibody and hematoxylin-eosin 
(H&E) stain were purchased from Servicebio (Wuhan, China). 2,3,5-triphenyltetrazolium chloride (TTC) (T8877) was purchased 
from Sigma-Aldrich (Ca, USA). 

2.2.2. Preparation of DBD 
DBD was prepared using a water decoction as described previously. AR (500 g) and ASR (100 g) were weighed and soaked in 8- 

times the volume of purified water for 90 min at room temperature, brought to a boil, and simmered for 60 min. The herbs were 
extracted twice. Finally, the liquid obtained from the two decoctions was mixed and concentrated to 1 L using a rotary evaporator. 

2.2.3. Analysis of DBD by ultra-performance liquid chromatography (UPLC) 
Waters Acquity UPLC H-Class system (Waters, Milford, MA) was used to identify the major components of DBD in a qualitative 

manner. The Acquity BEH C18 column has dimensions of 2.1 mm × 100 mm and 1.7 μm. The mobile phase was a 0.05 % (v/v) 
phosphoric acid-distilled water (A) and acetonitrile (B) system, with gradient elution of 5–15 % B for 0–2 min, 15–90 % B for 2–10 min, 
90–90 % B for 10–11 min, and 90–5% B for 11–12 min. The column temperature, flow rate, injection volume, and wavelength were set 
to 30 ◦C, 0.2 mL/min, 1 μL, and 280 nm, respectively. 

2.2.4. Animal experiments 
All animal experiments were carried out following the EEC Directive of 1986 (86/609/EEC) and were approved by the Ethics 

Committee of the Anhui University of Chinese Medicine (AHUCM-rats-2022008). Adult male Sprague–Dawley rats (180− 220 g at 6–7 
weeks) were purchased from Hangzhou Ziyuan Experimental Animal Technology Co., Ltd. (Hangzhou, China, Laboratory Animal 
Production; License No. SCXK [Zhejiang] 2019-0004). Rats were housed at room temperature (25 ± 2 ◦C) with ad libitum access to food 
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and water. Light control, and underwent adaptive feeding for 1 week for habituation. 

2.2.5. Model preparation and administration 
After 7 days of adoption, all rats were randomly assigned to three groups (n = 6 per group), as shown in Fig. 1: (1) sham group; (2) 

MI group; (3) MI + DBD group. Rats in the MI + DBD group were administered 10 g/kg/d DBD (according to clinical dosage con-
version) by the intragastric route for one week before MI surgery, while rats in the other two groups received equal amounts of saline. 
To avoid intestinal obstruction, rats were fasted for 12 h before the surgery. To establish the MI model, all rats were anesthetized with 
1 % pentobarbital (40 mg/kg) and placed supine on the console. After intubation with a small-animal ventilator (R415, RWD Life 
Science Co., Ltd., Shenzhen, China), MI was simulated in the rats by using the method of closure of the left anterior descending (LAD) 
coronary artery with a 6-0 polypropylene suture at a position ~2–3 mm from the lower edge of the left auricle. Subsequently, the heart 
was placed back into the chest cavity, followed by skin suturing. Electrocardiogram monitoring was performed immediately to verify 
the success of MI surgery: T wave variation and ST-segment elevation. LAD ligation was not performed and similar operations were 
performed on the sham rats. Finally, all rats were intraperitoneally injected with 1 % sodium pentobarbital (150 mg/kg) to collect the 
heart samples; the heart was excised and stored at − 80 ◦C until further analysis. 

2.2.6. Infarct area measurement 
Whole rat heart was collected and rinsed with cold normal saline, and stored at − 80 ◦C for 15 min until frozen, followed by cutting 

into five sections with 1 mm thickness. Then, the slices were placed in 1 % 2,3,5-Triphenyltetrazolium Chloride (TTC) solution in a 37 
◦C water bath for 20 min, followed by steeping in 10 % neutralized formalin for 4 h. After washing with distilled water, the heart slices 
were fixed in paraformaldehyde, and visualized using a Canon digital camera. The infarct area (either unstained or faintly stained) and 
the non-infarct left ventricle area (stained red) were calculated using Image J (1.53e) software (https://imagej.net/ij/). 

2.2.7. Histological analysis 
Freshly treated heart tissues in 4 % paraformaldehyde were embedded in paraffin. H&E staining of the left ventricle tissue slices (5 

μM) was followed by washing to examine the histoarchitectural changes. Following dehydration and sealing, the slices were examined 
and photographed using optical microscopy. The black arrow represents the invasion of inflammatory cells. 

2.2.8. Western blotting validation assay 
Proteins from cardiac tissue were separated using SDS-PAGE before being transferred to a polyvinylidene fluoride (PVDF) mem-

brane and blocked with 5 % skimmed milk. The PVDF membrane was then incubated for 24 h at 4 ◦C with primary antibodies against 
AKT1 (1:1000), ERK2 (1:1000), CASPASE-9 (1:1000), and β-Actin (1:1000), followed by secondary antibody incubation (1:20000; 
Abbkine, Wuhan, China). The proteins were then monitored and evaluated with Image J (1.53e) upon enhanced chemiluminescence 
detection. 

2.2.9. Immunofluorescence validation assay 
Heart tissue sections were sliced, followed by antigen repair in the microwave, and then blocked and incubated with rabbit 

Fig. 1. Diagram of the ischemic rat heart model treated with DBD.  
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polyclonal antibodies (1:2000) against AKT1, ERK2, and CASPASE-9 overnight at 4 ◦C. The sections were washed with 0.01 M TBS (pH 
7.4) several times and incubated at 37 ◦C with tetramethylrhodamine isothiocyanate (TRITC)-conjugated goat anti-rabbit IgG for 50 
min. After washing with PBS, the sections were incubated with DAPI solution for 10 min at 37 ◦C to stain the nuclei. Finally, the slides 
were imaged using a NIKON ECLIPSE C1 microscope, and immunofluorescence was analyzed using Image J (1.53e) software. 

2.2.10. Terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) validation for myocardial apoptosis assay 
Myocardial apoptosis was detected by TUNEL staining with 3,3-diaminobenzidine (DAB). Briefly, the heart sections were prepared 

with TUNEL detection solution (TdT enzyme 5 μL and Biotin-dUTP 45 μL). Then, 50 μL TUNEL detection solution was added to the 
sample and incubated at 37 ◦C for 60 min. Next, 50 μL streptavidin-HRP working solution was added dropwise and incubated at room 
temperature for 30 min. Samples were incubated with DAB at room temperature for 5–30 min, and hematoxylin staining of nuclei was 
performed. The cardiomyocyte apoptosis was measured under a Nikon eclipse 50i microscope. The normal cells’ nuclei were stained 
blue, and the TUNEL-positive cardiomyocytes were stained brown (black arrow). 

2.2.11. Statistical analysis 
Statistical analysis was performed using GraphPad Prism 9.0 software, with mean ± standard deviation (x±SD) for independent 

samples, t-test for group comparisons, and one-way analysis of variance for multiple group comparisons **p < 0.01 and p < 0.05 
indicated a statistically significant difference. Differential analysis of GO terms and KEGG pathway enrichment was analyzed by using 
Metascape software, and results were considered statistically significant at p < 0.01. 

3. Results 

3.1. Network pharmacology-based analysis 

3.1.1. Potential active ingredients in DBD 
In TCMSP, 27 potentially active ingredients of DBD were screened, including 23 ingredients from AR and four ingredients from ASR 

(compound details are shown in Table 1). Then, 508 target genes of potential active compounds were identified in the databases 
(TSMSP and Swiss Target Prediction). In addition, after removing 27 targets with a reliability of 0 and duplicates, we identified 2566 
MI targets genes from the databases (GeneCards, OMIM, and TTD). Finally, 213 overlapping common protein targets between DBD and 
MI were obtained through intersection (Fig. 2A). 

3.1.2. DBD active ingredient-target network diagram 
After inputting the DBD active ingredients and potential targets into Cytoscape 3.8.2, the DBD active ingredient-target network 

Table 1 
Detailed information of the 27 active compounds from DBD.  

No. Compound Name MOL ID OB (%) DL Herb 

1 Mairin MOL000211 55.38 0.78 AR 
2 Jaranol MOL000239 50.83 0.29 AR 
3 hederagenin MOL000551 36.91 0.75 AR 
4 (3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-yl]- 

2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-ol 
MOL000033 36.23 0.78 AR 

5 isorhamnetin MOL000354 49.60 0.31 AR 
6 3,9-di-O-methylnissolin MOL000371 53.74 0.48 AR 
7 7-O-methylisomucronulatol MOL000378 74.69 0.3 AR 
8 9,10-dimethoxypterocarpan-3-O-β-D-glucoside MOL000379 36.74 0.92 AR 
9 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-c]chromen-3-ol MOL000380 64.26 0.42 AR 
10 Bifendate MOL000387 31.10 0.67 AR 
11 Formononetin MOL000392 69.67 0.21 AR 
12 Isoflavanone MOL000398 109.99 0.3 AR 
13 Calycosin MOL000417 47.75 0.24 AR 
14 Kaempferol MOL000422 41.88 0.24 AR 
15 FA MOL000433 68.96 0.71 AR 
16 (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol MOL000438 67.67 0.26 AR 
17 isomucronulatol-7,2′-di-O-glucosiole MOL000439 49.28 0.62 AR 
18 1,7-Dihydroxy-3,9-dimethoxy pterocarpene MOL000442 39.05 0.48 AR 
19 Quercetin MOL000098 46.43 0.28 AR 
20 Astragaloside IV MOL000407 22.50 0.15 AR 
21 Calycosin-7-O-В-D-glucoside MOL009290 47.75 0.24 AR 
22 Astragaloside II MOL000403 46.06 0.13 AR 
23 Astragaloside III MOL000405 31.84 0.10 AR 
24 Beta-sitosterol MOL008583 36.91 0.75 ASR 
25 Stigmasterol MOL000449 43.83 0.76 ASR 
26 Ferulic acid MOL000360 54.97 0.06 ASR 
27 Ligustilide MOL011782 51.30 0.07 ASR  
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diagram (Fig. 2B) was drawn. There were 322 target gene nodes, 27 compound nodes, and 1366 edges in the network. The top 10 
compounds information were 3,9-di-O-methylnissolin, isomucronulatol-7,2′-di-O-glucosiole, quercetin, kaempferol, (6aR, 11aR)-9,10- 
dimethoxy-6a, jaranol, isoflavanone, isorhamnetin, hederagenin, and formononetin. Among these compounds, quercetin [39], 
kaempferol [40], isoflavanone [41], isorhamnetin [40], hederagenin, and formononetin [42] were the most active compounds related 
to MI symptoms in DBD. 

3.1.3. Hub target proteins and critical signal pathway 
The STRING 11.0 database was used to construct the PPI network to identify hub target proteins, as shown in Fig. 3A. There were 

213 nodes and 885 edges in the network. Furthermore, we employed the algorithms from CytoHubba to identify the top 10 proteins in 
213 common targets. Table 2 displays the MCODE networks that were found for individual gene lists. Table 3 displays the top 10 
proteins of Degree, Betweenness, Closeness, and MCC. Finally, we discovered the following seven key proteins by considering the 
intersection (Fig. 3B): PIK3R1, MAPK1, SRC, STAT3, HRAS, AKT1, and PTPN11. 

To discover the key signaling pathways and biological processes, Metascape was utilized to perform enrichment analysis on the 213 
effective targets for the therapy of DBD against MI. The target genes were enriched in “Pathways in cancer” (hsa05200), “Insulin 

Fig. 2. Prediction from network pharmacology. 
(A) Venn diagram of DBD component targets with MI targets. (B) DBD active ingredient-target network. 
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resistance” (hsa04931), “Relaxin signaling pathway” (hsa04926), and “Calcium signaling pathway” (hsa04020) (Fig. 4A and B). We 
obtained 831 GO terms across the three categories of BP, CC, and MF (Fig. 4C shows a bubble chart of the top 10 GO terms). For KEGG 
enrichment analysis, the top 20 pathways out of 164 included: EGFR tyrosine kinases inhibitor resistance, Prostate cancer, Pro-
teoglycans in cancer, and Endocrine resistance, among others (the bar graph of the top 20 is shown in Fig. 4D). These data suggested 
that the top five signaling pathways closely associated with the treatment of MI with DBD were HIF-1, prolactin, ErbB, Rap1, and PI3K/ 
AKT (the enrichment of genes in the PI3K/AKT signaling pathway is shown in Fig. 4E). 

Fig. 3. Diagram of protein–protein interaction network. 
（A）Protein-protein interaction network. (B) The top 10 target proteins screened by CytoHubba. 

Table 2 
Modules of the protein–protein interaction network of common targets of DBD and MI.  

Cluster 
NO. 

Targets MCODE 
score 

Nodes Edges 

1 APP, CNR1, EDNRA, SSTR2, F2R, AGTR1, F2, CASR, ADORA1, KISS1R, GNRHR, CCR3, CXCR3, CXCR2, CXCR1, 
CXCR4, DRD2, ADORA3, GRM1, EDNRB, CCKBR, NTSR1, ACKR3, CCR1, CCR5, CCR2, 

15.12 26 189 

2 EPHA3, EPHA4, JAK2, LCK, EPHA7, KAT2B, GRB2, EGFR, RARB, NCOR1, RARA, RXRA, HDAC9, EPHB2, 
HDAC5, JAK1, IL6, NCOR2, MAPK3, HDAC3, HDAC4, HDAC1, EPHA5, EZH2, HDAC2, HDAC2, RARG, EPHA2, 
EPHA1, PIK3CB, HDAC6 

9.59 30 139 

3 MAPK8, JAK3, STAT3, PLK1, NEK2, PTK2, BTK, FGFR3, PPARG, HSP90B1, KIT, SYK, GSNK1D, FLT4, CCND1, 
IGFBP5, FKBP5, AURKA, BMP4, PRKACA, FLT1, IGFBP1, IGFBP4, PTPN11, PLK4, IGFBP3, MAPK1, PRKCA 

6.78 37 122  
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3.2. Molecular docking to verify active compounds in DBD 

The six active compounds in DBD, namely, quercetin, kaempferol, isoflavone, isorhamnetin, hederagenin, and formononetin, had a 
high binding affinity (Vina score < − 5.0) to AKT1, ERK2, and CASPASE-9, as per the CB-dock molecular docking system. A Vina score 
of < -5.0 is supposed to indicate good binding energy with the target protein [40]. The lowest Vina score for each active compound 
binding structure image is illustrated in Fig. 5 (A-R). 

3.3. Qualitative analysis of DBD 

The UPLC chromatogram of mixed standard compounds and DBD is shown in Fig. 6 (A, B). Five authentic reference substances were 
detected in DBD within 12 min: (1) Calycosin-7-O-β-D-glucoside, (2) Ferulic acid, (3) Calycosin, (4) Formononetin, and (5) Z- 
Ligustilide. 

The chromatograms of (A) standard compounds and (B) DBD. (1) Calycosin-7-O-β-D-glucoside, (2) Ferulic acid, (3) Calycosin, (4) 
Formononetin, (5) Z-Ligustilide. 

3.4. DBD protects against MI pathological changes in the rat model 

The TTC staining results showed that intragastric administration of DBD (10 g/kg/d) for one week significantly reduced the infarct 
size compared with the MI group (p < 0.01 versus the MI group, Fig. 7A). Furthermore, H&E staining revealed irregularly distributed 
myocardial cells, a smaller nucleus, hyperplastic fibrous connective tissues, and inflammatory factor infiltration in the model rat heart 
tissues, which were relieved by DBD (Fig. 7B). DBD dramatically decreased MI-induced apoptosis in cardiomyocytes, according to the 
results of the TUNEL staining assay (Fig. 7C). 

3.5. DBD treatment regulated the expression of core proteins AKT1, ERK2, and CASPASE-9 

Western blotting and immunofluorescence were used to verify the effectiveness of DBD treatment for the core proteins AKT1, ERK2, 
and CASPASE-9. DBD significantly elevated the AKT1 (Fig. 8A(a), B(a)) and ERK2 (Fig. 8A(b), B(b)) protein levels and reduced the 
CASPASE-9 (Fig. 8A(c), B(c)) protein level, compared to the MI group. 

4. Discussion 

To our knowledge, this is the first study to explore overlapping genes of MI with the potential active compounds of DBD. In all, 213 
candidate targets were obtained, followed by the PPI network and core target construction, and seven core targets, namely PIK3R1, 
MAPK1, SRC, STAT3, HRAS, AKT1, and PTPN11 were identified. According to the GO and KEGG pathway enrichment analysis, the 
PI3K/AKT1 signaling pathway was selected as the key pathway, because of the higher gene ratio and q value. Furthermore, MAP 
kinases, also called extracellular signal-regulated kinases (ERKs), protect from MI and inflammatory reaction and activate car-
diomyocyte regeneration [43,44]. Evidence from previous studies have shown that PI3K/AKT1 and ERKs are linked with MI [45,46]. 
The activation of PI3K/AKT can inhibit cell death and improve the survival of cardiomyocytes [47]. Furthermore, the downregulation 
of ERK2 signaling can protect against myocardial ischemic injury in vivo and may contribute to cardiomyocyte apoptosis [48]. Hence, 
AKT1 and ERK2 are the key proteins involved in cardiomyocyte proliferation and apoptosis [49,50]. The validated genes of DBD with 
MI were selected based on the core gene targets and PI3K/AKT signaling pathway. The validation results indicated that DBD could 
significantly affect MI through the PI3K/AKT signaling pathway. CASPASE-9, a key signaling molecule associated with PI3K/AKT and 
ERK2 signaling pathways, demonstrating the apoptotic change in infarct cardiomyocytes’ mitochondria [51]. Validation results also 
demonstrated that DBD decreased the elevation of CASPASE-9 levels in the MI model. 

Based on bioinformatics database research, our study systematically elucidated the active compounds of DBD. From a mechanistic 
point of view, by applying network pharmacology methods, our study provided a potentially novel signaling mechanism of action of 

Table 3 
Top 10 proteins of Degree, Betweenness, Closeness, and Maximal Clique Centrality (MCC).  

Degree Betweenness Closeness Maximal Clique Centrality 

Node_Name Values Node_Name Values Node_Name Values Node_Name Values 
PIK3CA 46 APP 4404.95909 MAPK1 98.65 APP 87178654124 
PIK3R1 44 STAT3 3832.12738 PIK3CA 98.65 BDKRB2 87178654080 
MAPK1 41 MAPK1 2963.23322 STAT3 98.53 ADRA2C 87178291224 
STAT3 38 PTGS2 2809.24863 PIK3R1 97.65 ADRA2B 87178291224 
SRC 38 CREBBP 2560.84530 SRC 94.65 ADRA2A 87178291224 
HRAS 35 VEGFA 2103.36034 APP 93.40 CHRM2 87178291206 
APP 34 PIK3CA 1951.09663 VEGFA 92.28 CNR1 87178291202 
AKT1 30 PIK3R1 1822.05970 RELA 91.15 OPRM1 87178291202 
PTPN11 28 RELA 1768.43656 HRAS 90.02 CNR2 87178291202 
RELA 27 EGFR 1723.62621 AKT1 89.98 OPRD1 87178291202  

C. Shen et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e29360

9

DBD against MI. We searched for potential active compounds from the TCMSP (OB ≥ 30 % and DL ≥ 0.18) and potential active 
compounds, namely astragaloside II, astragaloside III, astragaloside IV, calycosin-7-O-β-D-glucoside, stigmasterol, and ferulic acid in 
the literature [14,26,52]. Six core active chemical compounds in DBD were noted based on the compound-target network. These 
compounds include quercetin, kaempferol, isoflavanone, isorhamnetin, hederagenin, and formononetin. Quercetin, a common 
flavonoid, has anti-oxidant, anti-inflammatory, anti-ischemic, and anti-apoptotic functions to provide cardioprotective effects [53]. A 

Fig. 4. The critical pathways screened by network pharmacology. 
(A–B) Functional enrichment analysis of target genes using Metascape. (C) GO enrichment analysis. (D) Analysis of KEGG pathway enrichment. (E) 
The PI3K/AKT signaling pathway. 
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Fig. 5. (A–R) CB-Dock validation of quercetin, kaempferol, isoflavanone, isorhamnetin, hederagenin, and formononetin binding with AKT1, ERK2, 
and CASPASE-9. 
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Fig. 6. UPLC-PDA analysis of DBD.  

Fig. 7. DBD protects against MI pathological changes in rat model. 
(A) DBD alleviates the infarct ratio in MI rat model. (B) Histopathological changes in MI rat model treated with DBD (original magnifications, 50 ×
and 100 × , inflammation cells: black arrow). (C) TUNEL assay in MI rat model treated with DBD (original magnifications: 400 × , TUNEL-positive: 
black arrow). Data are presented as the mean ± SD (n = 3). **p < 0.01 versus the sham group; ##p < 0.01 versus the MI group. 

C. Shen et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e29360

12

(caption on next page) 

C. Shen et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e29360

13

randomized clinical trial study indicated that post-MI patients who received quercetin 500 mg/day for 8 weeks exhibited enhanced 
total antioxidant capacity (TAC) in serum compared with the placebo group [49]. In an animal model study, quercetin showed strong 
evidence of protection against myocardial ischemia and reperfusion injury, whether used as pre-treatment or post-treatment, by 
inhibiting the NF-κB pathway [54], apoptosis, and oxidative stress [52], as well as by activating the NO system [55] in vivo. Quercetin 
also displayed cardioprotective effects by reducing AKT and ERK levels and enhancing GSK-3 levels in a myocardial hypertrophy 
model [56]. Kaempferol reduces the lipid profile and protects against MI and oxidative stress [57]. Kaempferol has been proven to 
reduce MI damage via the MAPK and PI3K/AKT/GSK-3β signaling pathways [58,59]. Isoflavonoids have already been found to lower 
the risk of coronary heart disease [60]. In vitro, isoflavone can reduce symptoms of CVDs by regulating the ERK1/2 and NF-κB 
pathways [61]. Isorhamnetin prevents cardiac hypertrophy by blocking the PI3K/AKT pathway [62], as well as hypoxia/reoxyge-
nation damage through anti-apoptosis and oxidative stress pathways [63,64]. The use of hederagenin has not been reported in car-
dioprotection; however, it can inhibit the release of iNOS and promote eNOS synthesis for endothelial function, as shown in an in vivo 
study [65]. Formononetin prevents MI by reducing ROS levels, cardiomyocyte apoptosis, and enhancing autophagic degradation and 
ATP synthase activation [66–68]. 

In vivo studies showed that DBD had significant cardioprotective effects against an MI rat model, per the results of TTC staining. The 
staining results showed a significant elevation of the infarct area ratio in the hearts of MI rats, while treatment with DBD reverted this 
phenomenon. H&E staining revealed irregularly arranged myocardial cells, smaller nucleus, hyperplastic fibrous connective tissues, 
and inflammatory factor infiltration in MI rats’ heart tissues; DBD therapy reduced cardiomyocyte lesions. Western blot analysis and 
immunofluorescence assay showed that AKT1 and ERK2 expression was inhibited, while CASPASE-9 was expressed in the MI surgery 
model. However, treatment with DBD reversed this trend. Our data show a cardioprotective effect of DBD in the MI rat heart, which 
may be mediated through the PI3K/AKT signaling pathway. 

5. Conclusions 

Our study analyzed the potential active compounds in DBD with predicted genes overlapping in MI. The biochemical and histo-
logical data indicate the cardioprotective benefits of DBD in the context of MI in vivo, encouraging further research to investigate the 
molecular mechanisms of DBD’s activity and the feasibility of its application in ischemic heart disease. Although critical proteins in the 
PI3K/AKT pathway were verified in this investigation, more research is needed in the future to explore the potential involvement of 
other molecular pathways underlying DBD’s cardioprotective effect on MI. 
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Fig. 8. The expression of core proteins AKT1, ERK2, and CASPASE-9. 
(A) Relative protein expression levels of AKT1 (a), ERK2 (b), and CASPASE-9 (c) treated with DBD in the MI rat model. Data are presented as the 
mean ± SD (n = 3). *P < 0.05 and **P < 0.01 versus the sham group; #P < 0.05 and ##P < 0.01 versus the MI group. (B) Immunofluorescence 
staining to detect the effect of DBD treatment on core proteins expression (original magnifications: 100 × ). (a–c) The expression of AKT1, ERK2, and 
CASPASE-9. Data are presented as the mean ± SD (n = 3). **P < 0.01 versus the sham group; ##P < 0.01 versus the MI group. 
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