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Objective: To employee network pharmacology to predict the components and pathways of SanQi-DanShen (SQDS) in treating
coronary heart disease, followed by in vitro experiments to validate the molecular mechanism of SQDS in treating coronary heart disease.
Methods: We sourced the active ingredients and targets of Panax notoginseng and Danshen from the Traditional Chinese Medicine
Systems Pharmacology database. Coronary heart disease related genes were retrieved from the OMIM, Genecards, and Therapeutic
Target databases. Using Cytoscape 3.7.2 software, we constructed a network diagram illustrating the components and targets of SQDS.
The associated targets were then imported into the STRING database to build a protein-protein interaction network. The Metascape
database and WeChat software were utilized for Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment analyses.
Lastly, we performed molecular docking between the key components and related targets using AutoDock Vina. To validate the
potential mechanism of SQDS in treating coronary heart disease, we established an acute coronary heart disease rat model via tail vein
injection of pituitrin.

Results: Network pharmacology analysis revealed that 65 active ingredients and 167 targets of SQDS are implicated in the treatment
of coronary heart disease. The key targets identified include AKT1, TNF, TP53, IL6, and VEGFA. Notably, the PI3K/AKT signaling
pathway emerged as the primary pathway. Furthermore, animal experiments showed that, compared to the model group, SQDS
significantly reduced levels of TNF-a, IL-6, Bax, and cardiac troponin I, while increasing Bcl-2 content. It also notably suppressed the
expression of p-PI3K and p-AKT, thereby offering protection to myocardial tissue.

Conclusion: Through the integrated approach of network pharmacology and molecular docking, we have established that SQDS
exerts a multi-component, multi-target, and multi-pathway synergistic therapeutic effect on coronary heart disease. Its mechanism may
involve the inhibition of the PI3K/AKT signaling pathway and the reduction of inflammatory factor expression.
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Introduction

Currently, coronary heart disease remains a devastating illness posing a global threat to human health, particularly in low-
and middle-income countries.' The exorbitant cost of treatment imposes a heavy burden on individuals and economies
alike. Recent studies reveal that between 1990 and 2019, cardiovascular disease was the primary cause of death in
China. In clinical practice, there are currently two main types of drugs used to treat coronary heart disease. The first type
is drugs that prevent ischemia and alleviate symptoms, including nitrate esters, metabolic drugs, potassium channel
blockers, etc; The second type of drugs used to prevent myocardial infarction and improve prognosis includes antiplatelet
drugs, statins, beta blockers, etc. (see Table 1 for details), but these drugs can cause numerous adverse reactions,
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Table 1 Common Clinical Drugs and Adverse Reactions for Coronary Heart Disease

Classification of Types of Drugs Representative Drugs Adverse Reactions Reference
Medications
Medications that Nitrate ester drugs Nitroglycerin, Headache, dizziness, weakness, palpitations, [13,14]
improve ischemia and 5-mononitrate isosorbide | tachycardia, bradycardia, worsening angina
alleviate symptoms pectoris, drug-induced dermatitis, etc
Beta Blockers Metoprolol, Bisoprolol, Bradycardia, asthma, abnormal glucose and [15]
Atenolol lipid metabolism, etc
Non dihydropyridine Diltiazem, Verapamil, Headache, palpitations, dizziness, [16]
calcium channel blocker Amlodipine hypotension, fatigue, etc
Metabolic drugs Qumeitazidine Gastrointestinal discomfort, etc [17]
Potassium channel opener | Nicorandil Headache, dizziness, nausea and vomiting, [18]
liver dysfunction, oral ulcers, and digestive
tract ulcers, etc
Drugs for preventing Antiplatelet drugs Aspirin, clopidogrel, Bleeding, increased asthma, [19-22]
myocardial infarction ticagrelor thrombocytopenia, bradycardia, respiratory
and improving distress, etc
prognosis Beta Blockers Metoprolol, Bisoprolol Bradycardia, asthma, abnormal glucose and [15]
lipid metabolism, etc
Statins Atorvastatin, Increased risk of diabetes and hemorrhagic [23]
Rosuvastatin, Simvastatin stroke, etc
ACEI or ARB ACEI: Perindopril, Hypotension, hyperkalemia, angioneurotic [24]
Benazepril, Enalapril edema, irritating dry cough, hoarseness,
ARB: Losartan, Valsartan, | hiccup, etc
Nibesartan

particularly in the digestive and skin systems.® Clinical practice and related studies have confirmed that plant medicine
has certain advantages in the treatment of coronary heart disease, including relieving angina pectoris, interfering with
restenosis after percutaneous coronary intervention, preventing and treating no-reflow after reperfusion, improving
quality of life, increasing exercise tolerance, and reducing the incidence of cardiovascular events and adverse reactions.
And the side effects are small and economical.*> Therefore, the development and utilization of plant medicine is
a promising option. Notably, traditional Chinese medicine has demonstrated remarkable efficacy in clinical trials for
treating coronary heart disease,® thanks to its multi-target approach. SQDS stands out as a popular medication for
replenishing qi and enhancing blood circulation. Modern pharmacological research has uncovered that SanQi can
decrease blood viscosity, regulate blood flow, prevent thrombosis, thereby enhancing cardiac function and effectively
intervening in cardiovascular disease.”®* Meanwhile, DanShen exhibits several beneficial effects, including myocardial
protection, reducing lipid accumulation in arterial intima, inhibiting myocardial calcification, and anti-thrombosis
properties.” Studies indicated that DanShen improves blood circulation between arterioles and venules, inhibits platelet
adhesion and thromboxane production, and relaxes coronary vessels, making it extensively used in treating coronary
heart disease and other cardiovascular ailments.'®'" The combination of SQDS proves more effective in activating blood
circulation and eliminating blood stasis than SanQi and DanShen administered separately.'?

Network Pharmacology offers innovative concepts and approaches for the integrative research between artificial
intelligence and both traditional Chinese and Western medicinal practices. It facilitates the analysis of vast biomedical
datasets and enables the conversion of raw data into valuable knowledge. This methodology offers a fresh perspective to
elucidate the mechanisms of action inherent in traditional Chinese medicine.?” Furthermore, it underscores the versatility
of treatment modalities for various ailments.?® In parallel, molecular docking stands as a technique to assess the binding
affinity of small molecules with their designated receptors, paving the way for the utilization of SQDS in coronary heart
disease prevention. Through the application of both network pharmacology and molecular docking, this study delved into
the components, targets, and signaling pathways associated with SQDS in addressing coronary heart disease.
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The purpose of this study is to explore the main components, targets, and pathways of SanQi DanShen, two
traditional Chinese medicines, in the treatment of coronary heart disease through network pharmacology; Secondly,
the mechanism of action of the traditional Chinese medicine compound SanQi DanShen tablets in treating coronary heart
disecase was validated through in vitro experiments. Provide theoretical basis for the development and utilization of
traditional Chinese medicine. The novelty of this study lies in combining network pharmacology with in vitro experi-
ments to validate the mechanism of action of the traditional Chinese medicine compound SanQi-DanShen tablets in
treating coronary heart disease.

Materials and Methods

Network Pharmacology Analysis

Collection of SQDS Active Ingredients and Target Genes

The components of SQDS are derived from the systematic pharmacology of traditional Chinese Medicine (https://
tcmspw.com/tcmsp.php) based on pharmacokinetic principles, encompassing absorption, distribution, metabolism, and

excretion (ADME).?” To obtain the corresponding target, we set the oral bioavailability threshold at > 30% and the drug
similarity threshold at < 0.18.2*2° Furthermore, we utilized UniProt (https://www.uniprot.org/) for verification, selecting

“Homo sapiens” for accurate correction.

Prediction and Acquisition of Disease Targets

We searched for CHD-related targets in the OMIM (http://OMIM.org/), Genecards (http://www.gengcards.org/), and
TTD (http://db.idrblab.net/ttd/) databases, and subsequently confirmed them using the UniProt database with the keyword
“coronary artery disease”.

Construction of the Target Network
To ascertain potential interactions between active ingredients and targets, the ingredients of SQDS and their associated
targets were inputted into Cytoscape 3.7.2, and subsequently, the ingredient-target network was constructed.

Collection of Genes with Overlapping Drug and Disease Associations
The overlapping genes of sqds and CHD were obtained using the online software Venny 2.1 (https://bioinfogp.cnb.csic.

es/tools/Venny/).

Construction of PPl Network and Screening of Core Targets
Drug disease overlapping genes were inputted into the STRING database (https://string-db.org), with species restricted to

“Homo sapiens” and a minimum required interaction score of > 0.400. Subsequently, the obtained results were imported
into Cytoscape 3.7.2 for further analysis.’® By utilizing the CytoHubba plugin, we assigned values to each gene via
topological network algorithms, enabling us to sort and identify the core genes. Furthermore, bar graphs representing
these core genes were also generated.

Conduct Comprehensive Go and KEGG Pathway Enrichment Analysis
To delve deeper into the mechanism of SQDS in treating CHD, we imported drug-disease overlapping genes into the
Metascape database (https:/metascape.org)’’ for gene ontology functional enrichment analysis and Kyoto Encyclopedia

of Genes and Genomes pathway analysis. Simultaneously, we utilized Cytoscape 3.7.2 to create the component target
pathway network diagram.

Molecular Docking

We downloaded the two-dimensional structures of small molecules from the PubChem database (https://pubchem.ncbi.nlm.nih.
gov/) and converted them into three-dimensional structures, saving them in mol format. We then processed these structures using
the AutoDock 1.5.6 tool and saved them as pdbqt files. Additionally, we retrieved crystal structures of AKT1, TNF, TP53, IL6, and
VEGFA (with PDB IDs: 1ung, Suui, laie, lalu, 1mkk) from the PDB database (http://www.rcsb.org). The target protein molecules
underwent processing with both PyMOL and AutoDock software, subsequently saving them in pdbqt format. Lastly, we

employed AutoDock Vina for molecular docking, with the results visualized in Discovery Studio 4.5 and PyMOL 1.7.x.
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Animal Experimental Validation

Reagents

The posterior pituitary injection (lot: H34022977) was procured from Anhui Hongye Pharmaceutical Co., Ltd.
Sanqidancanpian (lot: Z20050013) was obtained from Hunan Patron Saint Pharmaceutical Co., Ltd. ELISA kits for
Tumor Necrosis Factor-o (TNF-a) (lot: ml002859) and Interleukin-6 (IL-6) (lot: ml064292) were sourced from Shanghai
Enzyme Linked Biotechnology Co., Ltd. Rat B-cell Lymphoma Factor 2 (Bcl-2) (lot: D731031-0048) and Rat Bcl-
2-related X Protein (Bax) (lot: D731032-0048) ELISA kits were supplied by Shanghai SANGON Biotech Co., Ltd. Rat
phosphorylated phosphatidylinositol 3-kinase (p-PI3K) (lot: JL50027) and rat phosphorylated AKT protein (p-AKT) (lot:
JL21143) were purchased from Shanghai Jianglai Biotechnology Co., Ltd. Rat Cardiac Troponin I (cTnl) (lot: D731143)
was provided by Shanghai SANGON Biotech Co., Ltd. Primary antibodies for Rat p-PI3K (lot: [EPR25156-60]
ab302958) and p-AKT (lot: [EP2109Y] ab81283) were acquired from Shanghai Abcam Biological Company.

Animal and Drug Handling

Male SD rats (n=72, weighing 190 + 10 g, and aged 6-8 weeks) were procured from the Guangdong Medical Laboratory Animal
Center in Changzhou, bearing the laboratory animal license number: scxk (Yue) 2022—-0002. The conducted animal experiments
adhered to the guidelines set forth by the National Institutes of Health for the care and use of laboratory animals.

After a 1-week adaptation period, all rats were randomly assigned to 6 groups, with 12 rats in each group: (1) PBS
control (control); (2) The model group received 15 u/kg pituitrin via tail vein injection; (3) Positive control group, which
received 10 mg/kg rosuvastatin calcium tablets plus 15 u/kg pituitrin (Rst); (4) Sangidancanpian at 900 mg/kg plus 15 u/
kg pituitrin (H-SQDS); (5) Sanqgidancanpian at 300 mg/kg plus 15 u/kg pituitrin (M-SQDS); (6) Sangidancanpian at
100 mg/kg plus 15 u/kg pituitrin (L-SQDS). Except for the control group, all other rats were injected with 15 u/kg
pituitrin through the tail vein following the literature method (5-second constant speed injection).*> Upon successful
modeling, the rats were administered intragastrically: the H-SQDS group received 900 mg/kg/day, the M-SQDS group
received 300 mg/kg/day, and the L-SQDS group received 100 mg/kg/day. The Rst group received 10 mg/kg/day, while
the control and model groups were given the equivalent volume of normal saline for 14 days.

Histological Analysis

After obtaining samples from rats, the hearts were washed in pre cooled PBS, dried with clean filter paper, and fixed in
4% paraformaldehyde for at least 24 hours. Then, gradient dehydration is performed, after dehydration, the heart tissue is
embedded in paraffin and soaked in a mixture of ice and water for a period of time, it is sliced into Sum thick tissue using
a slicer, and then dewaxed, stained, dehydrated, permeabilized, and sealed. Furthermore, a light microscope (Nikon) was
employed for the meticulous examination of pathological alterations in these tissue sections.

Preparation of Myocardial Tissue Homogenate

After the model of acute coronary heart disease was successfully established, about 0.1 g of the ischemic tissue was
quickly cut out and rinsed in ice-cold normal saline, the blood was removed, blotted dry by filter paper, put into a 1.5 mL
plastic centrifuge tube, frozen in liquid nitrogen, and stored in a —70 °C refrigerator. At the end of the experiment, all the
specimens were removed, precooled saline (the volume weight of saline was 9 times the weight of the tissue block) was
taken by pipette, added into the plastic centrifuge tube containing the tissue, and the tissue block was cut as soon as
possible with ophthalmic scissors. Then the hearts were centrifuged at 10000—15000 r/min for 14 min, and 10% normal
saline was used to make myocardial tissue homogenate. 0.5 mL of the supernatant was used for determination of TNF-a,
IL-6, Bcl-2, Bax, and c¢Tnl. The assay was performed according to the kit instructions.

Measurement of Inflammatory Factors

The supernatant from the homogenized myocardial tissue of each group was collected, and the levels of TNF-a and IL-6
were measured using ELISA kits,(following the instructions provided by Shanghai Enzyme Linked Biotechnology Co.,
Ltd. The detection range of TNF-a is 10 pg/mL to 320 pg/mL, with a sensitivity of less than 1.0 pg/mL; The detection
range of IL-6 is 5 pg/mL to 160 pg/mL, with a sensitivity of less than 1.0 pg/mL).
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Detection of Apoptosis Factors, Bcl-2, Bax, and cTnl Levels

Supernatant from homogenized myocardial tissue was collected for each group. The concentrations of Bc¢l-2, Bax and
c¢Tnl were ascertained through the utilization of ELISA Kkits, adhering to the guidelines provided by Shanghai SANGON
Biotech Co., Ltd. (The detection range of Bcl-2 is 0.16—10 ng/mL, with a sensitivity of 0.1 ng/mL; The detection range of
Bax is 0.16-10 ng/mL, with a sensitivity of 0.1 ng/mL. The detection range of c¢Tnl is 31.25-2000 pg/mL, with
a sensitivity of 18.75 pg/mL).

Determination of p-AKT and p-PI3K Content

The supernatant of myocardial tissue homogenate in each group was collected, and the contents of p-AKT and p-PI3K
were determined using ELISA kits (according to the instructions of Shanghai Jianglai Biotechnology Co., Ltd. The
detection range of p-AKT is 0.156-10 ng/mL, with a sensitivity of 0.076 ng/mL; The detection range of p-PI3K is
15.6-1000 pg/mL, with a sensitivity of 7.92 pg/mL.)

Western Blot Analysis
The myocardial tissue from each group underwent lysis with protein lysis buffer on ice, followed by protein concentra-
tion determination using the BCA protein assay kit (PC0020, Solarbio, China). Equal protein quantities were then
separated via SDS polyacrylamide gel and transferred to a PVDF membrane. These membranes were blocked with 5%
skim milk in TBST for 1 hour at room temperature, followed by incubation with specific primary antibodies overnight at
4°C. Antibodies targeting AKT, p-AKT, PI3K, p-PI3K, and GAPDH were procured from Shanghai Abcam biological
company. Following this, the membrane underwent incubation with the secondary antibody for one hour at room
temperature. Western blots were then analyzed and imaged using a Tanon 4800 imaging system (Tanon, China) in
conjunction with the BeyoECL plus Kit (P0018S, Beyotime, China). Among them, primary antibody: PI3 Kinase p85
Alpha Monoclonal antibody (lot: 60225-1-Ig, proteintech (China), dilution ratio 1:5000); Phospho-PI3 Kinase p85
(Tyr458)/pS5 (Tyr199) (E3U1H) (lot: 17366, CST (USA), dilution ratio 1:1000); Anti-AKT (phospho S473) antibody
[EP2109Y] (lot: ab81283, abcam (UK), dilution ratio 1:5000); Phospho-AKT (Ser473) (D7F10) XP (lot: 9018, CST
(USA), dilution ratio 1:1000); GAPDH (lot: ab8245, abcam (UK), dilution ratio 1:2000).

Secondary antibody: Goat Anti Mouse IgG/HRP (lot: SE131, Soleibao (China), dilution ratio 1:2000); Goat Anti Rabbit
IgG H&L (HRP) (lot: ab6721, abcam (UK), dilution ratio 1:2000). The study’s technical roadmap is illustrated in Figure 1.

Statistical Method

Network pharmacology data analysis was conducted utilizing Cytoscape version 3.7.2. The GO and KEGG analyses
were accomplished through the use of Metascape and Wechat software. Molecular docking was facilitated by Autodock
Vina version 1.5.6 and PyMOL version 1.7.x software. Animal experiments were carried out and analyzed with one-way
ANOVA using graphpadprism version 7.0 (Graphpad Software Inc, San Diego, CA, USA) for comparing the two groups.
The data is presented in the form of means + SD, with statistical significance denoted as P < 0.05.

Results

Network Pharmacology and Molecular Docking results

The Active Ingredient in SQDS

Based on the OB screening criteria of > 30% and DL > 0.18, we obtained seven active ingredients from Panax
notoginseng and 58 active ingredients from Salvia miltiorrhiza through the TCMSP database, and further confirmed
them using the UniProt database, as presented in Table 2. Additionally, we gathered and identified 205 target genes.

CHD Related Targets

Using genecards, TTD and OMIM databases, we identified 8244, 9, and 557 targets related to CHD, respectively. After
screening, a total of 3595 genes were obtained. Of these, 167 genes were found to overlap with drug targets and are
presented in the Venn diagram (refer to Figure 2). These genes were then inputted into Cytoscape 3.7.2 software to
generate a component target network map (see Figure 3). The top 10 components are listed in Table 3.
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Figure | Technical roadmap of this study.

Construction of PPl Network and Screening of Core Genes

We entered the 167 overlapping genes of SQDS and CHD into the string platform, selecting “Homo sapiens” with an
interaction score minimum of > 0.400 to generate the PPI network diagram (refer to Figure 4A). This diagram was then
imported into Cytoscape 3.7.2 to illustrate the protein interaction network (see Figure 4B, where node values, colors, and
degree parameters are proportional). Lastly, employing the cytohubba plug-in, we utilized a topological network
algorithm to assign values to each gene, sorting and identifying the core genes to determine the primary target genes
of SQDS in treating coronary heart disease, namely: AKT1, TNF, TP53, IL6, and VEGFA (as shown in Figure 4C).

GO Enrichment Analysis of SQDS for CHD

The overlapping genes of drugs and diseases were imported into the Metascape database for GO enrichment analysis.
This analysis uncovered 1912 biological processes, 111 cellular components, and 202 molecular functions. Specifically,
the biological process related to CHD involves responses to hormones, cellular responses to organic cyclic compounds,
and cellular responses to lipids (refer to Figure 5A). The molecular function results indicated that Sqds could potentially
impact DNA transcription factor binding, G protein-coupled amine receptor activity, protein kinase binding, and cytokine
receptor binding (see Figure 5B). In terms of cellular composition, the findings revealed that the efficacy of CHD
involves membrane rafts, transcriptional regulatory complexes, and receptor complexes (refer to Figure 5C).
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Table 2 Active Ingredients of SanQi-DanShen
sign Mol ID Molecule Name OB (%) | DL (%) | Drugs
SQl MOL001494 Mandenol 42 0.19 SQ
SQ2 | MOL001792 DFV 32.76 0.18 SQ
SQ3 | MOL002879 Diop 43.59 0.39 SQ
SQ4 | MOL000358 Beta-sitosterol 3691 0.75 SQ
SQ5 | MOL000449 Stigmasterol 43.83 0.76 SQ
SQ6 | MOL005344 Ginsenoside rh2 36.32 0.56 SQ
SQ7 | MOL000098 Quercetin 46.43 0.28 SQ
DSl MOLO001601 1,2,5,6-tetrahydrotanshinone 38.75 0.36 DS
DS2 | MOLO00I659 Poriferasterol 43.83 0.76 DS
DS3 MOL001771 Poriferast-5-en-3beta-ol 3691 0.75 DS
DS4 | MOL001942 Isoimperatorin 45.46 0.23 DS
DS5 | MOL002222 Sugiol 36.11 0.28 DS
DSsé MOL002651 Dehydrotanshinone Il A 43.76 0.4 DS
DS7 | MOL000569 Digallate 61.85 0.26 DS
DS8 | MOL000006 Luteolin 36.16 0.25 DS
DS9 MOL007036 5,6-dihydroxy-7-isopropyl-1, | -dimethyl-2,3-dihydrophenanthren-4-one 33.77 0.29 DS
DSI10 | MOL007041 2-isopropyl-8-methylphenanthrene-3,4-dione 40.86 0.23 DS
DSI1 | MOL007045 3a-hydroxytanshinonella 44.93 0.44 DS
DSI12 | MOL007048 (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl]acrylic acid 48.24 0.31 DS
DSI3 | MOL007049 4-methylenemiltirone 3435 0.23 DS
DSI14 | MOL007050 2-(4-hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy- 62.78 04 DS

3-benzofurancarboxaldehyde
DSI5 | MOL007058 Formyltanshinone 73.44 0.42 DS
DS16 | MOL007059 3-beta-Hydroxymethyllenetanshiquinone 32.16 0.41 DS
DSI17 | MOL007061 Methylenetanshinquinone 37.07 0.36 DS
DSI18 | MOL007063 Przewalskin a 37.11 0.65 DS
DSI19 | MOL007064 Przewalskin b 110.32 0.44 DS
DS20 | MOL007068 Przewaquinone B 62.24 0.41 DS
DS21 | MOL007069 Przewaquinone ¢ 55.74 0.4 DS
DS22 | MOL007070 (6S,7R)-6,7-dihydroxy-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10, 1 1 - 41.31 0.45 DS
dione
DS23 | MOL007071 Przewaquinone f 40.31 0.46 DS
DS24 | MOL007077 Sclareol 43.67 0.21 DS
DS25 | MOL007079 Tanshinaldehyde 52.47 0.45 DS
DS26 | MOL00708I Danshenol B 57.95 0.56 DS
DS27 | MOL007082 Danshenol A 56.97 0.52 DS
Ds28 | MOL007085 Salvilenone 30.38 0.38 DS
DS29 | MOL007088 Cryptotanshinone 52.34 0.4 DS
DS30 | MOL007093 Dan-shexinkum d 38.88 0.55 DS
DS31 | MOL007094 Danshenspiroketallactone 50.43 0.31 DS
DS32 | MOL007098 Deoxyneocryptotanshinone 494 0.29 DS
DS33 | MOL007100 Dihydrotanshinlactone 38.68 0.32 DS
DS34 | MOL007101 Dihydrotanshinonel 45.04 0.36 DS
DS35 | MOL007105 Epidanshenspiroketallactone 68.27 0.31 DS
DS36 | MOL007107 C09092 36.07 0.25 DS
DS37 | MOL007108 Isocryptotanshi-none 54.98 0.39 DS
DS38 | MOLO007111 Isotanshinone I 49.92 0.4 DS
DS39 | MOL007115 Manool 45.04 0.2 DS
DS40 | MOL007119 Miltionone | 49.68 0.32 DS
DS41 | MOL007120 Miltionone I 71.03 0.44 DS
DS42 | MOL007121 Miltipolone 36.56 0.37 DS
(Continued)
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Table 2 (Continued).

sign Mol ID Molecule Name OB (%) | DL (%) | Drugs
DS43 | MOL007122 Miltirone 38.76 0.25 DS
DS44 | MOL007124 Neocryptotanshinone ii 39.46 0.23 DS
DS45 | MOL007125 Neocryptotanshinone 52.49 0.32 DS
DS46 | MOL007127 |-methyl-8,9-dihydro-7H-naphtho[5,6-g]benzofuran-6,10, | | -trione 34.72 0.37 DS
DS47 | MOL007130 Prolithospermic acid 64.37 0.31 DS
DS48 | MOL007132 | (2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-dihydroxyphenyl)acryloyl]oxy-propionic acid 109.38 0.35 DS
DS49 | MOL007141 Salvianolic acid g 45.56 0.61 DS
DS50 | MOL007142 Salvianolic acid j 43.38 0.72 DS
DS51 | MOL007143 Salvilenone IMiltionone 3243 0.23 DS
DS52 | MOLO007145 Salviolone 31.72 0.24 DS
DS53 | MOL007150 (6S)-6-hydroxy- | -methyl-6-methylol-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10, 1 | - 75.39 0.46 DS
quinone
DS54 | MOL007151 Tanshindiol B 42.67 0.45 DS
DS55 | MOL007152 Przewaquinone E 42.85 0.45 DS
DS56 | MOL007154 Tanshinone iia 49.89 0.4 DS
DS57 | MOLO07155 | (6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10, 1 | - 65.26 0.45 DS
dione
DS58 | MOLO007156 Tanshinone VI 45.64 0.3 DS

Abbreviations: SQ, SanQi; DS, DanShen.

KEGG Enrichment Analysis of SQDS in the Treatment of CHD
KEGG pathway enrichment analysis has uncovered that factors associated with CHD are linked to the PI3K-AKT
signaling pathway, lipid metabolism and atherosclerosis, as well as the AGE-RAGE signaling pathway involved in

diabetic complications. The top 20 results of this analysis are presented in Table 4 and Figure 6. Additionally, the top 20

pathways have been integrated with their respective targets to create a “component-target-pathway” network diagram, as

illustrated in Figure 7.

Molecular Dockin
Based on the network diagram illustrating components and targets, we chose four components: Quercetin, luteolin,
tanshinone, and cryptotanshinone. We then selected AKT1, TNF, TP53, IL6, and VEGFA. For molecular docking, we
utilized AutoDock Vina. The outcomes were visualized using Discovery Studio and PyMOL. Our findings indicated that

the chosen components could form stable bonds with the target, exhibiting a binding energy of less than <-5kj/mol (refer
to Table 5 and Figure 8).

Drugs CHD

3428

(94.4%)

Figure 2 Venn diagram of SQDS-CHD intersection targets.
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Figure 3 Network graph analysis of the interaction between active ingredients of SQDS and intersection targets in CHD.

Validation of Animal-Level Research

Histological Analysis

The results of H&E staining revealed evident pathological alterations in the myocardial tissue. In comparison to the
control group, the cardiomyocytes in the model group exhibited a disordered arrangement, accompanied by an increase in
intercellular gaps. However, following SQDS treatment, a concentration-dependent improvement was observed in the rat
myocardium when compared to the model group. Notably, the therapeutic efficacy of Rst was found to be comparable to
that of H-SQDS (Figure 9).

Measurement of Inflammatory Factors, TNF-a and IL-6 Levels
In the supernatant of myocardial tissue homogenate from each experimental group, significant changes were
observed in IL-6 (Figure 10A) and TNF-a (Figure 10B) levels. Specifically, the model group exhibited a notable
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Table 3 Top 10 Active Ingredients of SQDS

sign Mol ID Molecule Name Degree
SQ7 | MOL000098 Quercetin 115
DS8 | MOL000006 Luteolin 48
DS56 | MOL007154 Tanshinone iia 33
SQ4 | MOL000358 Beta-sitosterol 27
DSI12 | MOL007048 | (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-ylJacrylic acid 26
DS33 | MOLO007100 Dihydrotanshinlactone 25
DS29 | MOL007088 Cryptotanshinone 24
DS52 | MOLO007145 Salviolone 24
DS10 | MOL007041 2-isopropyl-8-methylphenanthrene-3,4-dione 23
DS40 | MOLO007119 Miltionone | 23

increase in both IL-6 and TNF-a compared to the control group (P<0.001). It is important to highlight that various
SQDS treatment groups demonstrated significant concentration-dependent attenuation of IL-6 and TNF-a (£<0.001)
when compared to the model group.

s PRKCA B" 1 s Al
- e Ve T
W2 @ & @ e 2T
: coMLG c@A E‘Z ’ . se@s‘ -- 1 wome

ToS e

paes S ee v -

Ry NR3CH NEKBIA Ve

e “ ® .. @ T
--: e n‘| 1 wa m—n
mm um"w iz S o ” 0 m"€° m;""

T LS N
Hub Genes

=
m
2
>

o
N
o
S
o
o]
o
[
o

100 120

Figure 4 (A): The PPl network of SQDS and CHD. (B): Protein-protein interaction network.(The larger the green circle and font, the more important the target). (C): top
10 core target molecular bar graph.(The x-coordinate represents the degree of the target, and the y-coordinate represents the target).
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Figure 5 Bubble diagram of GO enrichment analysis; (A): Biological processes; (B): Molecular Functions; (C): Cellular Components.

Apoptosis Factor Detection, Bcl-2, Bax and cTnl Levels

Bcl-2, Bax and c¢Tnl were significantly changed in the myocardial tissue homogenate supernatant of each experimental
group. Compared with the control group, the content of Bcl-2 (P<0.001) in the model group decreased, and the content of
Bcl-2 (P<0.001) (Figure 11A) increased significantly after different SQDS treatment. While Bax (P<0.001) (Figure 11B)
and cTnl (Figure 11C) were significantly increased in the model group, compared with the model group, different SQDS
treatment groups showed a significant decrease in Bax (P<0.001) and c¢Tnl (P<0.001) in a concentration-dependent
manner.

ELISA Was Used to Detect the Content of p-AKT and p-PI3K

There were significant changes of p-AKT and p-PI3K in myocardial tissue homogenate supernatant in all experimental
groups. Compared with the control group, p-AKT (P<0.001) and p-PI3K (P<0.001) were significantly increased in the
model group. Compared with the model group, different SQDS treatment groups showed a significant decrease in p-AKT
(P<0.001) (Figure 12A) and p-PI3K (P<0.001) (Figure 12B) in a concentration-dependent manner.

Western Blot Analysis
The expression of AKT, p-AKT, PI3K and p-PI3K was significantly changed in the experimental group. Compared with
the control group, the expressions of AKT, p-AKT, PI3K and p-PI3K in the model group were significantly increased.
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Table 4 KEGG Enrichment Analysis of SanQi-DanShen for CHD Treatment (TOP 20)

ID Description P-value Genes Count
hsa05200 Pathways in cancer 9.54993E-67 AKTI|BIRC5|AR|BAX|CCND|BCL2|BCL2LI|CASP3|CASP7|CASPS8| 63
CASP9|CCNA2|CDKNIA|CHUK|E2F I |E2F2|EDN | [EDNRA|EGF|EGFR|
ELK1|ERBB2|ESRI|ESR2|FOS|GSK3B|GSTMI|GSTM2|GSTPI|HIFIA|
HMOXI|IFNG|IGF2|IL2[IL4|IL6|CXCL8|MDM2|MET|MMP [ |MMP2|
MMP9|MYC|NFE2L2|NFKBIA|NOS2|PPARD|PPARG|PRKCA|PRKCB|
MAPK |PTEN|PTGS2|RAFI|RBI|RELA|RXRA|STAT | |STAT3|TGFBI |
TP53|VEGFA|NCOAI
hsa04933 AGE-RAGE signaling 2.69153E-46 AKT[|BAX|CCND|BCL2|CASP3|COLIAI|COL3AI|MAPKI4|EDNI| 31
pathway in diabetic F3|ICAMI|ILIAJILIB|IL6]CXCL8|MMP2|NOS3|SERPINEI|PRKCA|
complications PRKCB|MAPK | [RELA|CCL2|SELE|STAT | |STAT3|TGFBI|THBD|TNF|
VCAMI |VEGFA
hsa05417 | Lipid and atherosclerosis 1.04713E-44 AKT [|BAX|BCL2|BCL2LI|CASPI|CASP3|CASP7|CASP8|CASP9| 37
CD40LG|CHUK|MAPK14|CYPIAI|FOS|GSK3B|ICAMI|ILIB]|IL6|
CXCL8|MMP|MMP3|MMP9|NFE2L2|NFKBIA|NOS3|PPARG|PRKCA|
MAPK I |RELA|RXRA|CCL2|SELE|STAT3|TNF|TP53|VCAMI|NCFI
hsa05207 | Chemical carcinogenesis - 5.88844E-40 ADRBI|ADRB2|AHR|AKT I [BIRC5|AR|CCND | |BCL2|CHRNA?7| 34
receptor activation CYPIAI|CYPIA2|CYPIBI|CYP3A4|E2F | [EGF|EGFR|ESRI|ESR2|FOS|
GSTMI|GSTM2|MYC|PGR|PPARA|PRKCA|PRKCB|MAPK I |RAFI|RBI|
RELA|RXRA|STAT3|VEGFA|NRI13
hsa04151 PI3K-Akt signaling 6.0256E-35 AKTI|CCNDI|BCL2|BCL2LI|CASP9|CDKNIA|CHRMI|CHRM2| 36
pathway CHUK|COLIAI|EGF|EGFR|ERBB2|ERBB3|GSK3B|IGF2|IL2|IL4|IL6]|
INSR|ITGB3|MCLI|[MDM2|MET|MYC|NOS3|PIK3CG|PRKCA|MAPK |
PTEN|RAFI|RELA|RXRA|SPPI|TP53|VEGFA
hsa04919 | Thyroid hormone signaling 1.94984E-22 AKTI|CCNDI|CASP9|DIOI|ESRI|GSK3B|HIFIA|ITGB3|MDM2|MYC| 19
pathway PRKCA|PRKCB|MAPK|RAFI|RXRA|STAT | [TP53|NCOA||[NCOA2
hsa04926 | Relaxin signaling pathway 6.91831E-22 AKTI|COLIAI|COL3AI|MAPK I4|EDN I |[EGFR|FOS|MMP1|MMP2| 19
MMP9|NFKBIA|NOS2|NOS3|PRKCA|MAPK | |RAFI [RELA|TGFBI |
VEGFA
hsa01524 | Platinum drug resistance 1.47911E-21 AKTI|BIRC5|BAX|BCL2|BCL2L1|CASP3|CASP8|CASP9|CDKNIA| 16
ERBB2|GSTMI|GSTM2|GSTPI|MDM2|MAPK|TP53
hsa04068 FoxO signaling pathway 3.16228E-20 AKTI|CCNDI|CCNBI|CDKN I A|JCHUK|MAPK 14|EGF|EGFR|IL6|ILI10]| 18
INSR|IMDM2|MAPK | |PTEN|RAF I |[SLC2A4|STAT3|TGFBI
hsa05202 Transcriptional 7.58578E-20 BAX|BCL2LI|RUNX2|CCNA2|CDKNIA|IGFBP3|IL6]|CXCL8|MDM2| 20
misregulation in cancer MET|MMP3|MMP9|MPO|MYC|PLAT|PLAU|PPARG|RELA|RXRA|TP53
hsa04020 | Calcium signaling pathway 2.95121E-19 ADRAIB|ADRAIA|ADRBI|ADRB2|CHRMI|CHRM2|CHRM3| 21
CHRNA7|EDNRA|EGF|EGFR|ERBB2|ERBB3|HTR2A|HTR2C|MET]|
NOS2|NOS3|PRKCA|PRKCB|VEGFA
hsa05 144 Malaria 8.31764E-19 CDA40LG|ICAMI|IFNG]ILIBJ|IL6]CXCL8|ILI0|MET|CCL2|SELE|TGFBI| 13
TNFIVCAMI
hsa04080 Neuroactive ligand- 7.07946E-18 ADCYAPI|ADRA|B|ADRAIA|ADRA2A|ADRA2B|ADRA2C|ADRBI | 23
receptor interaction ADRB2|CHRMI|CHRM2|CHRM3|CHRNA7|DRD2|EDNI|EDNRA|
GABRG3|NR3CI|HTRIA|HTRIB|HTR2A|HTR2C|OPRD | |OPRMI
hsa04022 c¢GMP-PKG signaling 6.60693E-17 ADRAIB|ADRAIAJADRA2A|ADRA2B|ADRA2C|ADRB I |ADRB2| 17
pathway AKT [ |[EDNRA|INSR|KCNMA I NOS3|OPRD | |PIK3CG|MAPK I |RAFI |
PDESA
hsa04915 | Estrogen signaling pathway 6.91831E-17 AKT [|BCL2|CTSD|EGFR|ESR | |ESR2|FOS|MMP2|MMP9|NOS3|OPRMI | 16
PGR|MAPK|RAFI|NCOAI|NCOA2
hsa04062 Chemokine signaling 1.38038E-14 AKT [|CHUK|GSK3B|CXCL8|CXCLI0|NFKBIA|PIK3CG|PRKCB| 16
pathway MAPK | |RAFI|RELA|CCL2|CXCLI I |STAT | |STAT3|NCFI
hsa04726 Serotonergic synapse 8.51138E-14 CASP3|HTRIA|HTRIB|HTR2A|HTR2C|HTR3A|PRKCA|PRKCB| 13
MAPK | |PTGS | |PTGS2|RAFI|SLC6A4
(Continued)
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Table 4 (Continued).

ID Description P-value Genes Count
hsa04725 Cholinergic synapse 1.65959E- 12 ACHE|AKT ||BCL2|CHRMI|CHRM2|CHRM3|CHRNA7|FOS|PIK3CG| 12
PRKCA|PRKCB|MAPK |
hsa05216 Thyroid cancer 2.51189E-11 BAX|CCND ||CDKNIA|MYC|PPARG|MAPKI|RXRA|TP53 8
hsa05204 | Chemical carcinogenesis - 4.67735E-09 CYPIAI|CYPIA2|CYPIBI|CYP3A4|GSTMI|GSTM2|GSTPI|PTGS2
DNA adducts

Compared with the model group, the levels of AKT, p-AKT, PI3K and p-PI3K in different SQDS treatment groups
showed a dose-dependent decrease (Figure 13A). The gray value of the strip is shown in the figure (Figure 13B).

Discusssion

An important factor contributing to cardiovascular disease is the impairment of vascular endothelial function, which
disrupts tissue blood supply. Consequently, promoting angiogenesis and restoring vascular endothelial function stand as
crucial strategies to minimize plaque ruptures and detachments from the vascular wall—key steps in preventing and
treating cardiovascular diseases.> According to the (China Cardiovascular Disease Report 2021) , the number of
coronary heart disease patients in China is on the rise, with projections indicating a steep increase in prevalence over the
next decade, posing a significant public health challenge in the country.®* In the traditional Chinese medical framework,
coronary heart disease falls under the umbrella of “chest obstruction”. Its etiology and pathogenesis are primarily
attributed to visceral Qi deficiency, manifesting in syndromes of blood stasis and phlegm—a combination of deficiency
and excess origin syndromes.>> In clinical practice, it is essential to consider both symptoms and signs holistically.
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Figure 6 Bubble plots of KEGG pathway enrichment analysis.
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Figure 7 SanQi-DanShen and CHD interaction network diagram of ingredients-Targets-Pathways.

Currently, primary treatment methods for cardiovascular diseases include drug therapies such as angiotensin receptor
antagonists, angiotensin converting enzyme inhibitors, beta-blockers, aspirin, and statins,*® as well as percutaneous
coronary intervention (PCI) and coronary artery bypass grafting (CABG). While these approaches can delay disease
progression to some extent, they remain unable to fundamentally alter the pathological nature of cardiovascular diseases.
Moreover, interventional surgeries are not without their limitations, including postoperative restenosis and vascular
occlusion.>” Therefore, the primary task remains to continue exploring effective treatment methods with minimal side
effects.>** Modern studies have demonstrated that both Panax notoginseng and Salvia miltiorrhiza can enhance the
physiological and pathological processes of cardiovascular disease23,24, although the underlying mechanism remains
unclear. In our study, we employed network pharmacology and molecular docking techniques to uncover the active
ingredients and the mechanism of action of sqds in treating coronary heart disease. Our findings were subsequently
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Table 5 Verification Results of Molecular Docking

Ingredients | Targets Affifinity Distance from Best Mode
(kcal/mol)
rmsd L.b. rmsd u.b.
Quercetin AKTI -5.79 0 0
TNF —6.97 0 0
TP53 -8.75 0 0
IL-6 —6.44 0 0
VEGFA —5.67 0 0
Luteolin AKTI —6.26 0 0
TNF —6.97 0 0
TP53 =751 0 0
IL-6 =5.17 0 0
VEGFA -5.92 0 0

Abbreviations: AKTI: Serine/threonine kinase |; TNF: Tumor necrosis factor; TP53:
Cellular tumor antigen p53; IL-6: Interleukin-6; VEGFA: Vascular endothelial growth factor A.

validated through animal experiments. Our results indicate that (1) SQDS can address coronary heart disease via multiple
targets and signaling pathways, and (2) SQDS effectively suppresses the expression of TNF-a and IL-6, Bax, and cardiac
troponin I, while increasing Bcl-2 content and significantly reducing p-AKT and p-PI3K levels.

Through a search of the tcmsp database, we obtained 65 active components of SQDS. These comprise 58 active
components from DS and 7 from SQ. Additionally, we screened 205 related target genes. Simultaneously, utilizing the
GeneCards, TTD, and OMIM databases, we identified 3595 CHD-related target genes. By overlapping these with our
initial set of target genes, we discovered 167 common genes. Using Cycloscape 3.7.2, we constructed a target component
network diagram. Degree value analysis highlighted quercetin (115) and luteolin (48) as the primary components.
Previous studies have shown that quercetin significantly inhibits mitochondrial oxidative stress, cardiac fibrosis,
inflammatory responses, and apoptosis. It also regulates autophagy, improves myocardial ischemia/reperfusion injury,

luteolin

AKTI TP53 TNF IL-6 VEGFA

- ( ' v
i N

quercetin

Figure 8 Molecular docking of main active components of SQDS with key targets.
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Model group

Figure 9 Histochemistry analysis, magnification: 200%; scale=50 pm. (n=6).
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Figure 10 Detection of IL-6 and TNF-a. by ELISA; (A): IL-6; (B): TNF-a. (n=6). ¥*P=0.001, #P=0.01, *#P=0.001. (*the model group was compared with the control group;
#the model group was compared with the medication group).

and modulates intestinal microbiota, thereby effectively treating cardiovascular diseases.>” Meanwhile, quercetin has
been found to regulate the silent information regulator 1/nuclear factor-xB (SIRT1/NF-kB) pathway. This regulation can
lead to a reduction in myocardial hypertrophy and an improvement in cardiac function.*” In patients suffering from
coronary heart disease, quercetin demonstrates anti-inflammatory properties. It significantly lowers the levels of IL-1
and TNF-q, along with reducing the transcriptional activity of NF-kB.*' A randomized controlled trial, in which patients
with coronary heart disease were administered 120 mg of quercetin per day for 2 months, revealed a positive impact on
chronic systemic inflammation.*' Furthermore, a study involving a cohort of 5133 healthy adults indicated that lower
dietary intake of flavonoids, including quercetin, is associated with a higher risk of developing CHD.** Luteolin is known
to reduce Ischemia reperfusion injury (Ischemia/Reperfusionl/R) and protect the heart. The mechanism is related to the
activation of the Phosphatidylinositol 3-Kinase/Protein Kinase B (PI3K/AKT) signaling pathway.* Luteolin inhibits
oxidative stress and regulates the Wnt/ B-catechin pathway to protect endothelial cells from I/R damage.** Luteolin may
protect the heart by activating the nuclear factor E2-related factor 2 (Nrf2) -mediated antioxidant response. In addition, it
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Figure 11 Detection of Bcl-2, Bax and cTnl by ELISA; (A): Bcl-2; (B): Bax. (C): cTnl. (n=6). ¥P=0.001, *P=0.01, *"#P=0.001. (*the model group was compared with the
control group; #the model group was compared with the medication group).
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Figure 12 Detection of p-PI3K and p-AKT by ELISA; (A): p-AKT; (B): p-PI3K. (n=6). #*P=0.001, *P=0.01, ™#P=0.001. (*the model group was compared with the control
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can significantly reduce cisplatin-induced apoptosis and oxidative stress by modulating the Kelch-like chlorohydrin-
associated protein 1 (Keapl) /Nrf2 pathway.*’

Using Cytoscape 3.7.2 software, 167 cross-cutting targets were identified in the network of potential targets of SQDS
active ingredients associated with coronary heart disease. The core target genes with the highest Degree were AKTI,
TNEF, TP53, IL6, VEGFA, CASP3 and so on. AKT1 is a core component of the PI3K/AKT signaling pathway and plays

a role in regulating metabolism, apoptosis, and vascular endotheliogenesis.*® TNF mediates immune and inflammatory
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responses and regulates apoptosis and necrosis of cardiomyocytes and damage to vascular endothelial cells.*”** SQ can
play a role in the treatment of cardiovascular diseases through TNF pathway and NF-kB signaling pathway. Therefore,
TNF is an important target for the treatment of cardiovascular diseases.*’ The expression of TP53 gene marks the
beginning of apoptosis. It has been shown that upregulation of TP53 gene expression in cardiomyocytes will reduce cell
activity.”® As an important pro-inflammatory cytokine, IL-6 is involved in the inflammatory response and aggravates the
development of atherosclerosis.’' Multiple studies have found that levels of IL-6 in atherosclerotic coronary plaques are
ten or even hundreds of times higher than in normal tissue.”>>* IL-6 is an important risk factor for coronary heart
disease, and its level can be used as a predictor of coronary heart disease risk.”>° Studies have shown that down-
regulating CASP-3 expression can inhibit cardiomyocyte apoptosis and improve cardiac function.>” Vascular endothelial
growth factor (VEGF) is a key mediator of angiogenesis. It is responsible for a variety of physiological/pathological
processes, including cardiovascular disease (CVD)*®. A large number of animal experiments have proved that VEGF can
promote the formation of new blood vessels and the establishment of collateral circulation, and improve the blood supply
to ischemic tissues. VEGF and its gene therapy have shown initial results in animal experiments and clinical practice, can
improve myocardial ischemia, prevent and treat restenosis, and even play an important role in heart and blood vessel
graft.”” In the context of atherosclerosis related to cardiovascular disease, VEGFA exhibits dual functions.® Firstly, it is
capable of inducing beneficial effects and protecting endothelial cells by elevating the expression levels of anti-apoptotic
proteins and inhibiting nitric oxide synthesis.’' Secondly, VEGFA preserves blood vessels through re-endothelialization®*
and by preventing or repairing endothelial damage that could potentially lead to atherosclerosis.®® Hence, SQDS might
play a significant role in the treatment of coronary heart disease by regulating these key target genes, ultimately aiming to
reduce apoptosis and suppress the inflammatory response.

The results of go functional enrichment analysis indicated that SQDS plays a key role in assessing BP, MF, and CC,
which act on CHD. The potential targets for CHD treatment primarily involve cellular responses to organic cyclic
compounds, lipids, exogenous stimuli, and oxygen levels. These also encompass DNA binding, translation factor binding,
G protein-coupled amine receptor activity, protein domain-specific binding, protein kinase binding, cytokine receptor
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binding, transmission regulatory complex, receptor complex, and more. According to the results of KEGG pathway
enrichment analysis, SQDS primarily enhances CHD treatment by regulating 20 crucial signaling pathways. These notably
include the AGE-RAGE signaling pathway in diabetic complications, lipid and atherosclerosis pathways, and the PI3K-AKT
signaling pathway, among others. Studies have revealed that, within the AGE-RAGE signaling pathway, Sqds can directly or
indirectly promote endothelial dysfunction in type 2 diabetes by modulating tnf-a, ultimately leading to complex cardio-
vascular diseases.®* Studies have demonstrated that age/rage signaling modifies protein expression and reactive oxygen
species generation in cardiac fibroblasts, ultimately impacting cellular functions like migration and contraction.®> The PI3K/
AKT signaling pathway, on the other hand, is integral to regulating cell activity, energy metabolism, and the development of
vascular endothelium.*® According to Zhang et al, upon cardiomyocyte damage, the pi3k/akt pathway can enhance cell
viability and myocardial protection by elevating the expression of mitochondrial tcx43 and pcx43.°® Furthermore, this
pathway holds significant influence over the growth and survival of cells, particularly cardiomyocytes.®’

The results of molecular interconnection showed that four components with high degree value were screened from
notoginseng salvia miltiorrhiza according to the core genes (AKT1, TNF, TP53, IL6 and VEGFA), namely quercetin,
luteotin, tanshinone iia and cryptotanshinone. Their binding energy is basically less than <-5KJ/mol, indicating that the
active components of Notoginseng and salvia miltiorrhiza have high bioaffinity with potential target molecules, and have
high pharmacodynamic activity. Studies have confirmed that AKT1, TNF, TP53, IL-6 and VEGFA play an important role
in the treatment of cardiovascular diseases.

The results of network pharmacology confirm that the key pathways involved in the treatment of coronary heart
disease by SanQi DanShen may be the PI3K/AKT signaling pathway and AKT1, TNF, TP53, IL6, and VEGFA related
targets. Animal experiments have found that SanQi DanShen tablets may achieve the goal of treating coronary heart
disease by inhibiting the PI3K/AKT signaling pathway and regulating inflammatory factors, which is consistent with the
two. In addition The in vitro experiment used an acute coronary heart disease model induced by posterior pituitary
hormone tail vein injection. The results showed that SanQi DanShen tablets could inhibit the PI3K/AKT signaling
pathway, reduce inflammatory factors, and regulate the expression of apoptosis related genes, thereby exerting
a therapeutic effect on coronary heart disease; One study has shown that after ligating the left anterior descending
coronary artery to prepare a rat model of coronary heart disease, Luhong Formula may treat coronary heart disease by
inhibiting the PI3K/AKT signaling pathway and cell apoptosis;®® Wang et al® research shows that Schisandrin B can
exert myocardial protection by increasing endogenous hydrogen sulfide content, inhibiting TXNIP expression, alleviating
oxidative stress damage during acute myocardial ischemia, promoting the recovery of autophagic flow, and inhibiting
apoptosis; Lv Lei’” research also found that after ligating the left anterior descending coronary artery to create a model,
ligustrazine can reduce myocardial cell apoptosis and inflammatory response caused by myocardial ischemia in rats,
thereby protecting myocardial tissue; In addition, Qidantongmai tablets can inhibit myocardial cell injury caused by
ischemia-reperfusion and regulate the activation levels of survival signaling pathways PI3K/Akt and Erk1/2;”" Duan
et al”> have confirmed that Gualou Xiebai Banxia Tang can upregulate the protein expression of JAK2 and STAT3,
increase Ado and BK content, reduce myocardial infarction area, and have a protective effect on ischemia-reperfusion
induced by ligation of the left anterior descending coronary artery. Although the modeling method of coronary heart
disease in this article is different from the commonly used method of ligating the left anterior descending coronary artery,
the mechanism of action of drug therapy for coronary heart disease is basically the same, which is related to regulating
signaling pathways and inflammatory factors.

However, there are certain limitations to this paper: (1) Animal studies may yield incomplete results, and data from
animal models may lack reliability and may not be applicable to other species. (2) Animal experiments can sometimes be
misleading, as abnormalities observed in animals may actually be normal biological characteristics of the species under
study or may arise from unnatural conditions or stress induced by the laboratory setting. (3) The study has not been
validated at the cellular level.

Conclusion
In this study, we found through network pharmacology that the key components of SQDS in treating coronary heart
disease may be quercetin and luteolin, and mainly involve the PI3K/AKT signaling pathway to regulate the expression of
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related genes. In vitro experiments showed that SQDS may treat coronary heart disease by inhibiting the PI3K/AKT
signaling pathway and regulating the expression of apoptosis related genes.
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