
Observational Study

1

Medicine®

The chemical composition analysis of Yixin 
Tongmai Granules using UHPLC-MS/MS and 
exploration of its potential mechanism in 
treatment of coronary artery disease based on 
network pharmacology and molecular docking
Hongbin Li, PhDa,* , Yuye Zhu, MDa

Abstract 
Yixin Tongmai Granules (YTG) is a popular Chinese herbal granules for the treatment of coronary artery disease (CAD), but its 
molecular pharmacological mechanism is still unclear. This article explores the mechanism of CAD treatment from the perspective 
of network pharmacology. We analyzed the chemical composition of YTG using UHPLC-MS/MS and identified 131 ingredients. The 
relative drug content of 33 ingredients exceeded 0.5%. These ingredients were further screened using the SwissADME platform 
with ADME criteria. Using the HIT database and SwissTargetPrediction platform, high probability targets for these ingredients 
were generated. Using Venn Diagram, 96 effective targets associated with CAD were identified, involving 14 core ingredients. This 
study imported these effective targets into the STRING platform and obtained the core targets through network topology analysis: 
TP53, STAT3, transcription factor Jun, MAPK3, MAPK1, AKT1, SRC, MYC, BCL2, transcription factor p65, TNF, and ESR2. Then 
enrichment analysis with Metascape platform indicated that, in the system network of YTG in anti-CAD, the principal pathways 
are “Lipid and Atherosclerosis”, “Pathways in cancer”, and “AGE-RAGE signaling pathway in diabetic complications.” Next, the 
affinities between the core ingredients and their associated core targets were examined individually through molecular docking. 
Finally, based on deep mining of PubMed literature, this study investigated the relationship between each core target and CAD, 
the relationship between each core target and its associated core ingredients, and inferred the main pharmacological ingredients 
of YTG, namely Tanshinone IIA, Cryptotanshinone, Caffeic acid, Denshensu, Ononin, and Formononetin.

Abbreviations: 2D = 2 dimensional, 3D = 3 dimensional, ACE = angiotensin-converting enzyme, ADME = absorption 
distribution metabolism excretion, AGC = automatic gain control, AKT1 = serine/threonine kinase 1, AP-1 = adaptor protein 
complex-1, APOB = apolipoprotein B, APOE = apolipoprotein E, ATP = adenosine triphosphate, BC = before christ, BCL2 
= B-cell lymphoma-2, BID = BH3-interacting domain death agonist, CAD = coronary artery disease, CASP3 = caspase-3, 
CASP8 = caspase-8, CYP1A1 = cytochrome P450 1A, CYP2C9 = cytochrome P450 2C9, DNA = deoxyribonucleic acid, E2 = 
17β-estradiol, ERK = extracellular regulated protein kinases, ESR1 = estrogen receptor 1, ESR2 = estrogen receptor 2, FGF2 = 
fibroblast growth factor 2, FGFR2 = fibroblast growth factor receptor 2, GBD = Global Burden of Disease, GEO = gene expression 
omnibus, GO = gene ontology, HBV = hepatitis B virus, I/R = ischemia-reperfusion, ICAM1 = intercellular adhesion molecule 
1, IL-1β = interleukin-1β, JUN = transcription factor Jun, KEGG = Kyoto Encyclopedia of Genes and Genomes, LDL = low-
density lipoprotein, LPS = lipopolysaccharide, MAPK = mitogen-activated protein kinase, MAPK1 = MAP kinase-activated protein 
kinase 1, MAPK14 = MAP kinase-activated protein kinase 14, MAPK3 = MAP kinase-activated protein kinase 3, MAPK8 = MAP 
kinase-activated protein kinase 8, MMP1 = matrix metalloproteinase-1, MMP9 = matrix metalloproteinase-9, mRNA = messenger 
ribonucleic acid, MS = mass spectrometry, MS-dd = full MS/data-dependent, MYC = myelocytomatosis, NFE2L2 = nuclear 
factor erythroid 2-related factor 2, NFKBIA = NF-kappa-B inhibitor alpha, NLRP3 = NACHT, LRR and PYD domains-containing 
protein 3, NOS3 = nitric oxide synthase 3, OLR1 = oxidized low-density lipoprotein receptor 1, PDB = Protein Data Bank, PPARG 
= peroxisome proliferator-activated receptor gamma, PPI = protein–protein interaction, SRC = c-Src, SELP = Selenoprotein 
P, SMILES = Simplified molecular input line entry system, STAT3 = signal transducer and activator of transcription 3, RELA = 
transcription factor p65, T2DM = type 2 diabetes mellitus, TCM = traditional Chinese medicine, TIC = total ion chromatography, 
TLR4 = Toll-like receptor 4, TNF = tumor necrosis factor, TP53 = tumor protein 53, UHPLC-MS/MS = ultra-high performance liquid 
chromatography tandem mass spectrometry, VCAM1 = vascular cell adhesion molecule 1, VSMC = vascular smooth muscle 
cells, WHO = world health organization, YTG = Yixin Tongmai Granules.
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1. Introduction
With the aging of society, increasing social pressure, changes in 
lifestyle and dietary habits, and intensification of air pollution, 
the incidence of cardiovascular diseases is gradually increasing. 
Coronary artery disease (CAD) is a chronic heart disease caused 
by myocardial ischemia and hypoxia due to stenosis or obstruc-
tion of the arterial lumen caused by coronary atherosclerosis; 
angina pectoris is the most common symptom. According to 
data from the Global Burden of Disease (GBD) database, the 
global prevalence of CAD in 2016 was 154 million.[1] The high-
risk population is a crowd aged over 40 years. The incidence rate 
of this disease increases with age, with more men than women, 
most of whom are mental workers. Based on the naming and 
diagnostic criteria published by the WHO in 1979,[2] the disease 
can be divided into 4 categories according to its severity: silent 
coronary heart disease, angina pectoris, myocardial infarction, 
and ischemic cardiomyopathy. Its main risk factors are dys-
lipidemia, hypertension, obesity, hyperfibrinoidemia, diabetes, 
smoking, drinking, high-calorie diet, and lack of exercise.[3] 
Clinically, CAD treatment is mainly determined by the degree 
of vascular stenosis. If the stenosis is <75%, it can be controlled 
with long-term oral medication. However, when the stenosis is 
more than 75%, it usually requires surgical treatment, such as 
the use of stent implantation to recover the blood flow perfusion 
of the stenosed or occluded artery, or vascular bypass surgery to 
recover the blood supply to the ischemic myocardium. Patients 
with CAD, whether they have received interventional surgery 
and revascularization, need to take drugs following the doctor’s 
advice continuously for a long time to improve their quality of 
life and reduce the risk of death. According to the difference and 
severity of patients’ diseases, drugs often used in clinical medi-
cine for CAD can be divided into the following categories: anti-
platelet drugs,[4] such as aspirin and clopidogrel; ester-lowering 
drugs,[5] such as statins, ezetimibe, fibrates, and nicotinic acids; 
ACE inhibitors,[6] such as captopril and enalapril; calcium chan-
nel blockers,[7] such as nifedipine, and nimodipine; β receptor 
blockers,[8] such as metoprolol tartrate and atenolol; vasodilator 
therapy drugs,[9] such as nitroglycerin and isosorbide mononi-
trate; anticoagulant drugs,[10] such as heparin; and thrombolytic 
drugs,[11] such as urokinase and streptokinase.

Traditional Chinese medicine (TCM) originated in China’s 
primitive society and was formed during the Zhou dynasty 
period (1046 BC–256 BC). It has been the accumulated experi-
ence of the ancient Chinese people in fighting diseases for thou-
sands of years. It is also a medical theory system that gradually 
develops through long-term medical practice. Traditional prepa-
rations of TCM include decoction, pills, powder, cream, wine, 
and tea, whereas modern preparations include oral liquids, 
tablets, soft capsules, granules, drop pills, aerosols, and injec-
tions. Granules are made from TCM slices through extraction, 
concentration, and drying. TCM granules retain the main active 
ingredients of the TCM formula, and avoid the trouble of boil-
ing TCM. TCM has a long history of cognition with CAD, 
which belongs to the disease category of “Chest Obstruction” in 
TCM, which was first seen in the volume of “Lingshu·Benzang” 

from the monumental work of “Huangdi Neijing.” TCM theory 
states that the occurrence of CAD is related to many factors, 
such as weakness of the viscera, improper diet, germ infection, 
emotional disorders, and overwork. In terms of treatment, it 
adds some natural drugs that can conventionally promote blood 
circulation and dissipate blood stasis, and it also adds some nat-
ural products that can improve heart function and increase the 
cardiac ejection fraction in patients with severe CAD.

YTG is a commonly used granule-TCM for CAD and angina 
pectoris developed by Henan Furrentang Pharmaceutical Co., 
Ltd in China. YTG first appeared in the V2005 edition of the 
Pharmacopoeia of China and was included in the subsequent 
pharmacopoeias. It contains 8 herbs: Radix Astragali, Radix 
Ginseng, Radix Glehniae, Radix Scrophulariae, Radix Salviae 
miltiorrhizae, Rhizome Chuanxiong, Radix Curcumae, and 
Radix Glycyrrhizae Preparata. Radix Astragali (huangqi) is the 
dried root of the leguminous plant Astragalus membranaceus 
(Fisch.) Bge. or Astragalus membranaceus (Fisch.) Bge. var. mon-
gholicus (Bge.) Hsiao. Radix Ginseng (renshen) is the dried root 
of Panax ginseng C. A. Mey., a plant belonging to the Araliaceae 
family. Radix Glehniae (beishashen) is the dried root of Glehnia 
littoralis Fr. Schmidt ex Miq. in the Umbelliferae family. Radix 
Scrophulariae (xuanshen) is the dried root of Scrophularia ning-
poensis Hemsl. in the Scrophulariaceae family. Radix Salviae 
miltiorrhizae (danshen), the dried root and rhizome of Salvia 
miltiorrhiza Bge., is a Labiatae plant. Rhizome Chuanxiong 
(chuanxiong), the dried rhizome of Ligusticum chuanxiong 
Hort., belongs to the Umbelliferae family. Radix Curcumae 
(yujin) is the steamed and dried tuberous root of Curcuma 
wenyujin Y. H. Chen et C.Ling, belonging to Zingiberaceae 
family. Radix Glycyrrhizae Preparata (zhigancao) is the dried 
root and rhizome of the leguminous plant Glycyrrhiza ural-
ensis Fisch. or Glycyrrhiza glabra L., which were processed 
by stir-baking with honey. YTG can alleviate angina pectoris 
caused by blood stasis, and can also alleviate symptoms such as 
fatigue, shortness of breath, and palpitation.[12] Su and He found 
that YTG can reduce post-surgery restenosis and improper per-
fusion after PCI to promote patients recovery.[13]

This study adopted TCM analytical chemistry experiments 
and network pharmacology methods to explore the molecu-
lar mechanisms of YTG in anti-CAD. Network pharmacol-
ogy is a developing discipline based on the theories of system 
biology and multidirectional pharmacology. It uses computer 
software and network databases to study and integrate the 
network relationships between drug ingredients, action tar-
gets, signaling pathways, and diseases. Furthermore, it is often 
used to conduct pharmacological research on drugs, especially 
natural drugs with complex chemical compositions, thereby 
guiding the discovery of new medicines. Professor Li Shao, a 
famous Chinese scholar at Tsinghua University, first proposed 
a hypothesis of the relationship between TCM and biomolec-
ular networks in 1999. Hopkins, a pharmacologist at Dundee 
University in the United Kingdom, formally proposed the term 
‘network pharmacology’ in a paper published in the journal 
Nature Biotechnology in October 2007.[14] The research process 
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of network pharmacology mainly includes the following steps: 
obtaining the ingredients of TCM, predicting the correspond-
ing targets of each ingredient, obtaining the targets of disease, 
taking the intersection of 2 types of targets, constructing the 
interaction network between the intersection target proteins, 
carrying out gene ontology and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis, and initially 
revealing TCM action mechanisms for treating certain disease. 
Molecular docking[15] is not only a common method for new 
drug design, but also a validation method for network pharma-
cology research. It is based on structural and molecular biology, 
which simulates the interaction between ligand and receptor 
molecules using software. There are 3 commonly used docking 
modes: rigid docking (both molecules are considered rigid bod-
ies), semi-flexible docking (the ligand molecule is considered a 
flexible body, and the receptor molecule is considered a rigid 
body), and flexible docking (both molecules are considered 
flexible bodies). The docking result, that is, the score of affinity 
of 2 molecules in a specific relative spatial position, is in the 
light of comprehensive assessment of geometric complementar-
ity, energetic complementarity and chemical complementarity. 
Molecular docking software often uses artificial neural net-
works,[16] support vector machines,[16] deep learning,[16] genetic 
algorithms,[17] simulated annealing,[18] decision tree[19] or other 
algorithms to search for the optimal docking conformation of 
ligand and receptor, and predict their binding mode and affinity.

2. Materials and methods
The key elements of study design in the paper are: analytical 
chemistry experiments, network pharmacology, molecular 
docking, and literature review.

2.1. Drug sample processing before chemical analysis

The processing steps for the drug sample before analysis 
included: take an appropriate amount of sample and place it in 
a 15mL centrifuge tube; add 10mL of 50% methanol aqueous 
solution and sonicate for 30 minutes; take 1mL of the superna-
tant and place it in the centrifuge tube; centrifuge at 14,000 rpm 
for 5 minutes; filter the supernatant with a microporous mem-
brane (0.22μm); place it in a chromatographic sample bottle 
and analyze it using UHPLC-MS/MS. The blank sample was 
treated under the same conditions.

2.2. Experimental instruments of analytical chemistry

The instruments used for the component analysis of TCM 
included: Orbitrap (Q Exactive Plus; Thermo Fisher, Waltham), 
ultra-high performance liquid chromatography and auto-
matic sampler (U3000;Thermo Fisher), vortexers (Vortex-2 
Genie; Scientific Industries, Bohemia), low temperature cen-
trifuge (5810R; Eppendorf, Free and Hanseatic City of 

Hamburg, Germany), ultrasonic cleaner (WD-9415C; Beijing 
Liuyi Instrument Factory, Fangshan, Bejing, China) and chro-
matographic column (ACQUITY UPLC HSS T3, 2.1 × 100mm, 
1.8μm; Waters, Milford).

2.3. Experimental condition

The liquid phase conditions included: the column temperature 
was set to 35°C; the injection volume was set to 10μL; the veloc-
ity of flow was set to 0.3 mL/min; gradient elution was applied 
in experiment, as shown in Table 1; the mobile phase A used 
the deionized water containing 0.1% formic acid, while mobile 
phase B used acetonitrile containing 0.1% formic acid. The mass 
spectrometry conditions included: the detection mode was set to 
full MS/data-dependent (MS-dd) MS2; scanning mode was set to 
separate scanning (positive ion and negative ion), and scanning 
range (m/z) was set to 100 to 1500; MS1 resolution was set to 
70,000, and MS2 resolution was set to 17,500; the ion source 
voltage was set to 3.2kV; capillary temperature was set to 320 
°C; auxiliary gas heater temperature was set to 350 °C; sheath 
gas flow rate was set to 40L/min; auxiliary gas flow rate was set 
to 15L/min; AGC Target was set to 1,000,000; TopN was set to 
5; the collision energy that triggered MS2 scanning adopted a 
stepped fragmentation voltage.

2.4. Obtain the ingredients of YTG, and carry on ADME 
screening of the ingredients

The feature peaks of the raw mass spectrometry data were 
extracted using Compound Discoverer software 3.3, and the 
mass deviation of feature peak element matching, molecular 
formula prediction, and isotope distribution matching were 
set to 5ppm. Feature peak identification was performed using 
the mzCloud online database (http://www.mzcloud.org/) and 
the locally built TCM natural product database mzVault. The 
screening criteria for positive ingredients were: mass deviation 
<5ppm, the matching score with the 2 databases larger than 70, 
and manual deletion of duplicate results. Due to the insignifi-
cant pharmacodynamics of ingredients with low content, this 
study selected positive ingredients with relative content >0.5%. 
The names of the positive ingredients with higher content were 
inputted into the PubChem network platform (https://pubchem.
ncbi.nlm.nih.gov/) to obtain their Canonical SMILES formula. 
Next, Each Canonical SMILES formula for positive ingredi-
ents was introduced into the SwissADME[20] network platform 
(http://www.swissadme.ch/). On the platform, the above ingre-
dients were further screened according to the ADME parameter 
values. The basis for screening was as follows: at least 2 of the 
5 parameters of Lipinski violation, Ghose violation, Veber vio-
lation, Egan violation, and Muege violation had a value of zero, 
and the parameter value of the bioavailability score was greater 
than or equal to 0.5.

2.5. Predict the effective targets of YTG in anti-CAD

This study used HIT[21] (http://hit2.badd-cao.net/) and 
SwissTargetPrediction[22] (http://www.swisstargetprediction.ch/) 
network platforms to carry out strict prediction and collection 
of the targets of the ingredients that passed the screening above 
in YTG. The targets of an ingredient provided by HIT are based 
on the mining of literature; that is, each target of the ingredi-
ent is supported by at least 1 of the latest literature evidences, 
and is classified as direct or indirect inhibitors/activators, bind-
ers, and enzymes. However, the target probability prediction 
of SwissTargetPrediction is based on the measurement of 2D 
and 3D chemical structure similarities with known ligand mol-
ecules. In this study, the ingredient name or its SMILES formula 
was inputted into the HIT to obtain its targets with literature 

Table 1

The specific gradient elution conditions.

Time Flow rate(mL/min） %A %B

0 0.3 100 0
10 0.3 70 30
25 0.3 60 40
30 0.3 50 50
40 0.3 30 70
45 0.3 0 100
60 0.3 0 100
60.5 0.3 100 0
70 0.3 100 0

http://www.mzcloud.org/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/
http://hit2.badd-cao.net/
http://www.swisstargetprediction.ch/
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evidence. In addition, as a supplement to HIT, predictive targets 
whose probability was not lower than the threshold (50%) were 
collected using SwissTargetPrediction. Then, the targets from the 
2 platforms meeting the above requirements were merged using 
EXCEL as the target dataset of YTG. Next, with the key words 
of “coronary artery disease” and “coronary heart disease” suc-
cessively, the disease targets of CAD were downloaded from the 
disease database GeneCards[23] (https://www.genecards.org/) 
respectively, and were merged by EXCEL. Finally, the drug pre-
diction targets and CAD disease-related targets from the 2 files 
above were imported into Venny 2.1 (http://www.liuxiaoyu-
yuan.cn/), a network mapping tool for building a Venn diagram; 
thus, the intersection target dataset (the effective targets set of 
YTG anti-CAD) was obtained.

2.6. Construct the network diagram of YTG effective 
ingredients vs. effective targets

Based on the effective targets dataset of YTG anti-CAD, this 
study created an association file between the ingredient nodes 
and the target nodes, and an attribute file of all nodes (Is 1 
node belonging to the source node or target node?). Then, the 
above 2 files were uploaded into the network drawing soft-
ware Cytascape,[24] the isolated nodes in the network diagram 
were deleted, the network diagram was constructed and beau-
tified, and the network diagram construction of YTG “Effective 
Ingredients vs. Effective Targets” was completed.

2.7. PPI networks and core targets

In the form of multiple proteins, the above effective targets 
were imported into the STRING network platform[25] (https://
cn.string-db.org/). After the confidence level being set to the 
highest level of 0.9, and the orphaned nodes were hidden, the 
PPI network diagram of YTG was generated using STRING. The 
PPI data were then downloaded and imported into Cytoscape. 
Using the plug-in of CytoNCA,[26] this study obtained the 5 net-
work topology parameter scores of each network node (Degree, 
Eigenvector, LAC, Betweenness and Closeness). Next, the node’ 
data of the above topology parameters were downloaded from 
Cytoscape, and the core targets of the PPI network were screened 
by EXCEL with the guidelines: if each topology parameter value 
of 1 node exceeds the corresponding average value of all nodes, 
it will be considered as a core target. Subsequently, all core tar-
gets passing screening were imported into STRING again to 
achieve the core target PPI network diagram.

2.8. Enrichment analysis of gene ontology and Kyoto 
Encyclopedia of Genes and Genomes pathway

The effective targets of YTG were imported into the Metascape[27] 
(https://metascape.org/) network platform, and enrichment anal-
ysis of gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathways was carried out automatically 
using Metascape. The analysis results were downloaded and 
arranged, and the data with the top 10 P-values were imported 
into the bioinformatics network platform (https://www.bioin-
formatics.com.cn/) to visualize them in the form of a bubble 
chart.

2.9. The analysis of effective ingredients (core ingredients) 
vs. effective targets (core targets) and participation in 
signal pathways

Based on the effective target data and the ten main path-
ways’ data of YTG anti-CAD, the YTG network file involving 
important ingredients, targets and pathways was created using 

EXCEL. The effective target data were processed as follows: the 
node of the effective ingredient was listed as the source node, 
and the node of the effective target was listed as the target 
node. The data from the ten main pathways were processed as 
follows: the effective target was listed as the source node, and 
the pathway was listed as the target node. Based on the data 
above, a node attribute file was created as follows: the attribute  
value of each effective ingredient was set to 1, the attri-
bute value of each effective target was set to 2, and  
the attribute value of each main pathway was set to 3. After 
the above 2 files were uploaded into Cytoscape, the isolated 
nodes in the network were deleted, and network diagram was 
constructed and beautified, and the YTG network diagram of 
“Effective Ingredients vs. Effective Targets vs. High P-value 
Pathways” was generated. Using similar methods, the YTG 
network diagram of “Core Ingredients vs. Core Targets vs. 
Principal Pathways” was also generated.

2.10. Evaluate the affinity between the ligand of ingredient 
and the receptor of target protein through molecular 
docking

In this study, the semi-flexible molecular docking mode was 
adopted, where the receptor target protein was regarded as 
a rigid body and the ligand small molecule was regarded 
as a flexible body. First, the 2D structural SDF file of each 
core ingredient was downloaded from PubChem. Second, the 
3D structure with the lowest energy of each core ingredient 
was generated by the “Chem3D” module of the software 
Chemoffice,[28] and was saved in the format of mol2. Third, the 
complete human 3D structure “pdb” format file of each target 
protein was downloaded from “AlphaFoldDB” data source 
in the network database of UniProt[29] (https://www.uniprot.
org/), and all affiliated subunits and peptide chains, water 
molecules, and small-molecule ligands in each 3D structure 
were removed. Fourth, each receptor protein was processed 
by adding hydrogen atoms and calculating charges using the 
AutoDocktools software.[30] Then, both the receptor protein 
processed and its ligand small molecule were converted to 
“pdpqt” format file, and the docking range was set by the 
software according to the 3D conformation of the receptor 
protein. Fifth, AutoDock Vina[31] software was used to carry 
out molecular docking between the ligand small molecule and 
the receptor protein 1 by 1, so as to verify the affinity of ingre-
dient and target in the “Core Ingredients vs. Core Targets vs. 
Pathways” network diagram. Finally, Open-Source software 
“PyMOL 2.0, LLC”[32] based Python language was used to 
carry out 3-dimensional visualization of docking results with 
higher affinity scores.

2.11. Explore the molecule mechanism of YTG in anti-CAD

Combined the target’ verification data of platform HIT, “Core 
Ingredients vs. Core Targets vs. Principal Pathways” network 
diagram, results of molecular docking between core ingredients 
and core targets, and some supplementary data obtained by 
consulting literatures in PubMed and PubChem, the pharma-
cological mechanism of YTG multimolecular in anti-CAD was 
explored.

3. Results

3.1. Total ion chromatography

The total ion chromatography (TIC) of YTG in positive ion 
mode/negative ion mode is shown in Figure 1A and C, and the 
TIC of blank sample under positive ion mode/negative ion mode 
was shown in Figure 1B and D.

https://www.genecards.org/
http://www.liuxiaoyuyuan.cn/
http://www.liuxiaoyuyuan.cn/
https://cn.string-db.org/
https://cn.string-db.org/
https://metascape.org/
https://www.bioinformatics.com.cn/
https://www.bioinformatics.com.cn/
https://www.uniprot.org/
https://www.uniprot.org/
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3.2. Active ingredients collection of YTG

As shown in Table 2, 131 ingredients were identified using 
Compound Discoverer 3.3. The data of violations (Lipinski(L), 
Ghose(G), Veber(V), Egan(E), and Muegge(M)), and bioavail-
ability score were obtained from SwissADME. Among the 
above 131 ingredients, there were 33 whose relative content in 
the drug exceeded 0.5%. In addition, there were 18 ingredients 
among the 33 ingredients, that had passed the ADME screening 
by the SwissADME platform. In terms of content, they are tan-
shinone IIA, cryptotanshinone, dihydrotanshinone I, citric acid, 
caffeic acid, danshensu, protocatechualdehyde, liquiritigenin, 
ononin, liquiritin, formononetin, calycosin, licochalcone A, 
calycosin-7-o-beta-d-glucoside, licochalcone B, nicotinic acid, 
ligustilide, and glabrone.

3.3. Targets collection and screening of YTG

This study then used HIT to search for the targets of the 18 
active ingredients individually, to obtain targets supported by 
documentary evidence. After retrieval, 12 ingredients with HIT 
targets were identified: tanshinone IIA, cryptotanshinone, dihy-
drotanshinone I, citric acid, caffeic acid, danshensu, protocate-
chualdehyde, liquiritin, formononetin, calycosin, nicotinic acid, 
and ligustilide. After removing the target duplicates, 96 strong 
HIT targets were obtained. As a supplement to HIT retrieval, 
the potential targets of the above 18 ingredients were predicted 
by SwissTargetPrediction based on a probability threshold of 
0.5, and there were 9 ingredients with targets greater than or 
equal to the threshold: tanshinone IIA, cryptotanshinone, dihy-
drotanshinone I, caffeic acid, liquiritigenin, ononin, formonone-
tin, calycosin-7-o-beta-d-glucoside, and nicotinic acid. Thus, 26 
high probability targets were obtained after removing the dupli-
cates. Then, the targets of the 2 platforms were merged, and 
116 high-reliability targets of YTG were obtained, involving 15 
active ingredients.

3.4. Collection of CAD targets

10,750 disease targets were collected from GeneCards with the 
Keyword of “Coronary artery disease” as the keyword, while 
9962 disease targets were collected from GeneCards with the 
keyword of “Coronary heart disease” as the key word. After 
removing duplicates, 11,050 disease targets remained.

3.5. Finding intersection of YTG high-reliability drug targets 
and CAD-related targets, and mapping the effective 
ingredients and the effective targets

After the data on high-reliability YTG drug targets and CAD-
related targets were imported into Venny 2.1, 96 intersection tar-
gets (effective targets shared by drug and disease) were obtained, 
and the generated Venn diagram is shown in Figure 2A. Based 
on the 96 effective targets from the intersection (20 drug tar-
gets unrelated to CAD were removed), the 14 effective ingre-
dients of YTG were associated; thus, the network diagram of 
YTG “Effective Ingredients vs. Effective Targets” was generated 
using Cytoscape, as shown in Figure 2B. The chemical struc-
tural formulas of the 14 effective ingredients downloaded from 
PubChem are shown in Figure 3.

3.6. Construction of PPI network

Then, the 96 effective targets were imported into STRING in 
the form of multiple proteins, and the PPI network of YTG 
targets was obtained, with a total of 260 interaction edges, as 
shown in Figure 4A. Subsequently, the network data down-
loaded from STRING were imported into Cytoscape, and the 
CytoNCA plug-in was used to calculate the 5 network topol-
ogy parameter scores (Degree, Eigenvector, LAC, Betweenness, 
and Closeness) of each node in the PPI network. The targets, 
whose 5 scores all exceeded the average values (6.441558442, 

Figure 1.  TIC of YTG sample and blank sample. (A) YTG sample in positive ion mode. (B) blank sample in positive ion mode. (C) YTG sample in negative ion 
mode. (D) blank sample in negative ion mode. TIC is an analytical technique that illustrates the variations in the intensity of all ion signals detected over a spec-
ified time frame. TIC aggregates the intensities of all ions at each retention time, thereby facilitating the identification and quantification of various components 
in complex samples. TIC = total ion chromatography, YTG = Yixin Tongmai Granules.
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Table 2

Information of ingredients identified in YTG.

Molecule Formula MW
Lipinski 

#violations
Ghose 

#violations
Veber 

#violations
Egan

#violations
Muegge 

#violations
Bioavailability 

Score
Matching 

score Peak area
Relative

content(%)

Tanshinone IIA C
19

H
18

O
3

294.34 0 0 0 0 0 0.55 89.1 10,974,600,332 13.61
Cryptotanshinone C

19
H

20
O

3
296.36 0 0 0 0 0 0.85 86 10,767,425,881 13.353

Diammonium 
glycyrrhizinate

C
42

H-

68
N

2
O

16

856.99 3 3 1 1 5 0.11 93 5,598,303,566 6.942

Dihydrotanshinone I C
18

H
14

O
3

278.3 0 0 0 0 0 0.85 90.7 3,793,493,283 4.704
Salvianolic acid A C

26
H

22
O

10
494.45 1 2 1 1 2 0.11 93.4 3,609,089,378 4.476

18 β-Glycyrrhetintic Acid C
30

H
46

O
4

470.68 1 3 0 1 1 0.85 85.8 3,594,042,375 4.457
Citric acid C

6
H

8
O

7
192.12 0 2 0 1 1 0.56 91 2,999,815,813 3.72

Caffeic acid C
9
H

8
O

4
180.16 0 0 0 0 1 0.56 83.3 2,854,135,133 3.539

Danshensu C
9
H

10
O

5
198.17 0 0 0 0 1 0.56 89.9 2,636,210,395 3.269

Sucrose C
12

H
22

O
11

342.3 2 1 1 1 4 0.17 95.2 2,614,709,110 3.242
Liguiritigenin-7-O-

D-apiosyl-4’-O-d-
glucoside

C
26

H
30

O
13

550.51 3 2 1 1 3 0.17 91.5 2,447,522,138 3.035

Protocatechualdehyde C
7
H

6
O

3
138.12 0 3 0 0 1 0.55 92.4 2,044,959,301 2.536

Liquiritigenin C
15

H
12

O
4

256.25 0 0 0 0 0 0.55 91.1 1,838,794,890 2.28
Glycyrrhizic acid C

42
H

62
O

16
822.93 3 3 1 1 4 0.11 92.6 1,499,782,248 1.86

Stachyose C
24

H
42

O
21

666.58 3 4 2 1 5 0.17 91 1,371,967,868 1.701
Ononin C

22
H

22
O

9
430.4 0 0 0 1 0 0.55 88.3 1,309,110,081 1.623

Cryptochlorogenic acid C
16

H
18

O
9

354.31 1 1 1 1 2 0.11 93.4 965,277,155.9 1.197
Lithospermic acid C

27
H

22
O

12
538.46 3 2 1 1 3 0.11 94.3 915,765,257.6 1.136

Liquiritin C
21

H
22

O
9

418.39 0 0 1 1 0 0.55 80.5 874,373,661.8 1.084
Harpagide C

15
H

24
O

10
364.35 1 1 1 1 3 0.55 95.6 802,683,620.4 0.995

Formononetin C
16

H
12

O
4

268.26 0 0 0 0 0 0.55 89.3 793,784,385.5 0.984
Harpagoside C

24
H

30
O

11
494.49 2 2 1 1 3 0.17 75.4 777,749,714.9 0.964

Angoroside C C
36

H
48

O
19

784.75 3 4 2 1 4 0.17 94.9 777,701,944.9 0.964
Calycosin C

16
H

12
O

5
284.26 0 0 0 0 0 0.55 88.4 703,538,274.7 0.872

Licochalcone A C
21

H
22

O
4

338.4 0 0 0 0 0 0.55 91 698,284,820.8 0.866
Astragaloside IV C

41
H

68
O

14
784.97 3 3 1 1 5 0.17 75.7 551,403,345.8 0.684

Calycosin-7-O-β-d-
glucoside

C
22

H
22

O
10

446.4 0 0 1 1 1 0.55 87.4 523,774,346.4 0.65

Licochalcone B C
16

H
14

O
5

286.28 0 0 0 0 0 0.55 90.1 513,057,715.4 0.636
Manninotriose C

18
H

32
O

16
504.44 3 2 2 1 4 0.17 84 478,406,864 0.593

Nicotinic acid C
6
H

5
NO

2
123.11 0 3 0 0 1 0.85 84.1 469,706,054.9 0.582

Ligustilide C
12

H
14

O
2

190.24 0 0 0 0 1 0.55 84.6 466,621,795.5 0.579
Gypenoside XVII C

48
H

82
O

18
947.15 3 3 2 1 4 0.17 85.3 436,558,648.2 0.541

Glabrone C
20

H
16

O
5

336.34 0 0 0 0 0 0.55 87.2 427,949,972.5 0.531
1,3-Dicaffeoylquinic acid C

25
H

24
O

12
516.45 3 1 1 1 3 0.11 92.5 408,403,496.4 0.506

Salvianolic acid C C
26

H
20

O
10

492.43 1 1 1 1 2 0.11 79.5 394,532,764.9 0.489
Quinic acid C

7
H

12
O

6
192.17 0 1 0 0 2 0.56 83.4 353,406,509.6 0.438

3-Butylidenephthalide C
12

H
12

O
2

188.22 0 0 0 0 1 0.55 86 318,275,490.2 0.395
Ginsenoside Rc C

53
H

90
O

22
1079.27 3 4 2 1 6 0.17 82.5 316,754,478 0.393

Ginsenoside Rg1 C
42

H
72

O
14

801.01 3 3 1 1 4 0.17 91.3 305,327,301.1 0.379
Sophocarpine C

15
H-

22
N

2
O

246.35 0 0 0 0 0 0.55 86.1 295,171,668.5 0.366

4-Methoxysalicylic acid C
8
H

8
O

4
168.15 0 0 0 0 1 0.85 78.7 289,867,893 0.359

Trigonelline HCl C
7
H

8
C

l-

NO
2

173.6 0 2 0 0 1 0.85 86.8 279,140,505.6 0.346

Lupenone C
30

H
48

O 424.7 1 3 0 1 2 0.55 86.4 276,032,015.3 0.342
Licoflavone A C

20
H

18
O

4
322.35 0 0 0 0 1 0.55 87.2 274,257,890.5 0.34

Ginsenoside Ro C
48

H
76

O
19

957.11 3 3 1 1 5 0.11 84.8 267,720,650.3 0.332
Isoacteoside C

29
H

36
O

15
624.59 3 4 2 1 4 0.17 92.6 259,324,579.5 0.322

5-Hydroxymethylfurfural C
6
H

6
O

3
126.11 0 3 0 0 1 0.55 79.7 258,946,529.9 0.321

Ferulic acid C
10

H
10

O
4

194.18 0 0 0 0 1 0.85 83.6 244,553,461.8 0.303
Cinnamic acid C

9
H

8
O

2
148.16 0 2 0 0 1 0.85 72.7 230,280,621.8 0.286

Curcumenol C
15

H
22

O
2

234.33 0 0 0 0 0 0.55 89.2 221,828,586.8 0.275
Senkyunolide A C

12
H

16
O

2
192.25 0 0 0 0 1 0.55 90.2 221,549,955.9 0.275

Paeonol C
9
H

10
O

3
166.17 0 0 0 0 1 0.55 72.6 220,747,180.2 0.274

Quillaic acid C
30

H
46

O
5

486.68 0 3 0 0 1 0.56 75.1 200,265,590.2 0.248
Ginsenoside Rb1 C

54
H

92
O

23
1109.29 3 4 2 1 6 0.17 87.7 192,173,341.9 0.238

Azelaic acid C
9
H

16
O

4
188.22 0 0 0 0 1 0.85 79.7 191,305,426.5 0.237

Daidzein C
15

H
10

O
4

254.24 0 0 0 0 0 0.55 75.5 189,869,294.3 0.235
Isoliquiritin C

21
H

22
O

9
418.39 1 0 1 1 2 0.55 89.8 173,119,557.7 0.215

Retrochalcone C
16

H
14

O
4

270.28 0 0 0 0 0 0.55 87.6 155,149,983.6 0.192
Ginsenoside Rf C

42
H

72
O

14
801.01 3 3 1 1 4 0.17 91.1 154,564,833.7 0.192

Dehydronuciferine C
19

H-

19
NO

2

293.36 0 0 0 0 0 0.55 80.2 145,265,237.4 0.18

Maltopentaose C
30

H
52

O
26

828.72 3 4 2 1 6 0.17 91.9 135,706,907.7 0.168

� (Continued )
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Molecule Formula MW
Lipinski 

#violations
Ghose 

#violations
Veber 

#violations
Egan

#violations
Muegge 

#violations
Bioavailability 

Score
Matching 

score Peak area
Relative

content(%)

Matrine C
15

H-

24
N

2
O

248.36 0 0 0 0 0 0.55 70.2 122,580,612.2 0.152

Isoliquiritigenin C
15

H
12

O
4

256.25 0 0 0 0 0 0.55 89.9 117,504,872.3 0.146
20 (R)-Ginsenoside Rg2 C

42
H

72
O

13
785.01 3 3 1 1 4 0.17 91.4 115,331,892.1 0.143

Uridine C
9
H-

12
N

2
O

6

244.2 0 1 0 0 0 0.55 91 114,214,198.9 0.142

Ginsenoside Rg3 C
42

H
72

O
13

785.01 3 3 1 1 4 0.17 90.7 100,763,787.8 0.125
Forsythoside E C

20
H

30
O

12
462.45 2 1 1 1 4 0.17 75.5 94,556,085.99 0.117

α-Linolenic acid C
18

H
30

O
2

278.43 1 1 1 0 1 0.85 76.5 87,894,988.82 0.109
Salicylic acid C

7
H

6
O

3
138.12 0 3 0 0 1 0.85 82.6 82,036,868.37 0.102

Ginsenoside Rb3 C
53

H
90

O
22

1079.27 3 4 2 1 5 0.17 81.2 73,197,120.25 0.091
Isochlorogenic acid B C

25
H

24
O

12
516.45 3 1 1 1 3 0.11 91.5 71,683,409.53 0.089

Levistilide A C
24

H
28

O
4

380.48 1 0 0 0 0 0.55 80.7 70,142,657.41 0.087
Baicalin C

21
H

18
O

11
446.36 2 0 1 1 3 0.11 86.7 67,590,781.07 0.084

Nicotinamide C
6
H

6
N

2
O 122.12 0 3 0 0 1 0.55 77.6 66,691,449.1 0.083

Isomucronulatol 
7-O-glucoside

C
23

H
28

O
10

464.46 0 0 1 1 0 0.55 89.2 65,752,468.1 0.082

Ethyl caffeate C
11

H
12

O
4

208.21 0 0 0 0 0 0.55 83.4 64,696,561.83 0.08
Kanzonol C C

25
H

28
O

4
392.49 0 1 0 0 1 0.55 74.2 58,579,795.93 0.073

Ginsenoside F2 C
42

H
72

O
13

785.01 3 3 1 1 4 0.17 92.5 52,241,956.51 0.065
Glabrolide C

30
H

44
O

4
468.67 1 3 0 0 1 0.55 76.1 49,236,048.06 0.061

20 (R)-Notoginsenoside 
R2

C
41

H
70

O
13

770.99 3 3 1 1 4 0.17 89.2 48,030,014.76 0.06

4-Methyl-6,7-
dihydroxycoumarin

C
10

H
8
O

4
192.17 0 0 0 0 1 0.55 80.4 43,212,534.31 0.054

Methyl rosmarinate C
19

H
18

O
8

374.34 0 0 0 1 0 0.55 74.2 42,763,145.85 0.053
Xanthotoxol C

11
H

6
O

4
202.16 0 0 0 0 0 0.55 80.6 40,163,973.84 0.05

Genistein C
15

H
10

O
5

270.24 0 0 0 0 0 0.55 74.9 40,001,909.67 0.05
Ginsenoside Rd C

48
H

82
O

18
947.15 3 3 2 1 4 0.17 81.6 36,362,501.6 0.045

Arglabin C
15

H
18

O
3

246.3 0 0 0 0 0 0.55 73.5 34,098,603.41 0.042
2-Hydroxy-4-

methoxybenzaldehyde
C

8
H

8
O

3
152.15 0 2 0 0 1 0.55 76.6 32,690,117.35 0.041

Ferulaldehyde C
10

H
10

O
3

178.18 0 0 0 0 1 0.55 74 32,551,076.3 0.04
Rosmarinic acid C

18
H

16
O

8
360.31 0 0 1 1 0 0.56 76.4 30,278,046.18 0.038

Protocatechuic acid C
7
H

6
O

4
154.12 0 3 0 0 1 0.56 81.6 28,957,403.92 0.036

6’‘-O-Acetylglycitin C
24

H
24

O
11

488.44 1 1 1 1 2 0.55 82.1 28,769,898.74 0.036
Ursonic acid C

30
H

46
O

3
454.68 1 3 0 1 1 0.85 86.7 26,790,855.03 0.033

Aucubin C
15

H
22

O
9

346.33 1 1 1 1 2 0.55 80 26,444,864.98 0.033
Esculetin C

9
H

6
O

4
178.14 0 1 0 0 1 0.55 83.9 25,757,927.3 0.032

1-Caffeoylquinic acid C
16

H
18

O
9

354.31 1 1 1 1 2 0.11 84.6 24,566,609.59 0.03
8-Methoxypsoralen C

12
H

8
O

4
216.19 0 0 0 0 0 0.55 77 23,688,959 0.029

L-Tryptophan C
11

H-

12
N

2
O

2

204.23 0 0 0 0 0 0.55 83.7 22,804,727.05 0.028

Wilforlide A C
30

H
46

O
3

454.68 1 3 0 1 1 0.55 74.3 22,639,477.99 0.028
Icaritin C

21
H

20
O

6
368.38 0 0 0 0 0 0.55 73.6 21,830,670.95 0.027

p-Coumaric acid C
9
H

8
O

3
164.16 0 0 0 0 1 0.85 79.3 21,479,898.08 0.027

Skimmin C
15

H
16

O
8

324.28 0 1 0 0 0 0.55 74.2 19,810,114.34 0.025
Diosmetin-7-O-β-d-

glucopyranoside
C

22
H

22
O

11
462.4 2 0 1 1 3 0.17 85.8 19,636,800.57 0.024

Scopoletin C
10

H
8
O

4
192.17 0 0 0 0 1 0.55 74.7 19,263,377.22 0.024

Methylnissolin-3-O-
glucoside

C
23

H
26

O
10

462.45 0 0 0 1 0 0.55 84.1 19,082,019.97 0.024

Linarin C
28

H
32

O
14

592.55 3 4 1 1 3 0.17 88.6 18,995,348.21 0.024
Medicarpin C

16
H

14
O

4
270.28 0 0 0 0 0 0.55 71.3 18,835,151.4 0.023

Sibiricose A5 C
22

H
30

O
14

518.47 3 2 1 1 3 0.17 87.7 17,937,282.7 0.022
Roburic acid C

30
H

48
O

2
440.7 1 3 0 1 1 0.85 70.6 17,250,834.32 0.021

Benzoic acid C
7
H

6
O

2
122.12 0 3 0 0 1 0.85 83.9 16,193,680.42 0.02

Chikusetsu saponin IVa C
42

H
66

O
14

794.97 3 3 1 1 4 0.11 70.8 16,069,487.03 0.02
Nobiletin C

21
H

22
O

8
402.39 0 0 0 0 0 0.55 86.1 15,446,266.16 0.019

Dipotassium 
glycyrrhizinate

C
42

H-

60
K

2
O

16

899.11 3 4 1 1 4 0.11 83.8 15,320,079.34 0.019

Hydroxygenkwanin C
16

H
12

O
6

300.26 0 0 0 0 0 0.55 74.4 15,217,351.2 0.019
Gentisic acid C

7
H

6
O

4
154.12 0 3 0 0 1 0.56 87 15,168,495.46 0.019

Artemisinic acid C
15

H
22

O
2

234.33 0 0 0 0 0 0.85 75 14,710,707.85 0.018
Glabridin C

20
H

20
O

4
324.37 0 0 0 0 0 0.55 79.4 13,502,797.1 0.017

Gallic acid C
7
H

6
O

5
170.12 0 2 0 0 1 0.56 86.6 12,458,385.95 0.015

Isoalantolactone C
15

H
20

O
2

232.32 0 0 0 0 0 0.55 79.7 12,205,208.16 0.015

Table 2

(Continued )

� (Continued )
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0.073029977, 2.578057501, 160.9610397, 0.336205355) of 
all PPI network nodes were regarded as core targets. The core 
target proteins obtained via the above analysis were TP53, 
STAT3, transcription factor Jun (JUN), MAPK3, MAPK1, 
AKT1, SRC, MYC, BCL2, transcription factor p65 (RELA), 
TNF, and ESR2 (Table 3). At last, the 12 core targets were 
imported into STRING again to acquire the PPI network dia-
gram of the 12 core targets, and the PPI diagram network 
between them was shown in Figure 4B. If the 12 targets were 
graded again using the same analysis method (the average val-
ues of the 5 topology parameters were 17.25, 0.226355519, 
6.346420192, 509.7143875, and 0.440291293), the most 
important target, TP53, was obtained.

3.7. GO and KEGG pathway enrichment analysis

The 96 effective targets of YTG for anti-CAD were imported 
into Metascape for GO analysis (including GO biological pro-
cess, GO cell component, and GO molecular function) and 
KEGG pathway analysis. The analyzed data were then down-
loaded (P-value, enrichment score of each item, and number of 
effective target genes participating in the item). Subsequently, 
the top 10 items’ data of GO analysis and KEGG pathway anal-
ysis were imported into the bioinformatics platform for visu-
alization in the form of a bar chart (Fig. 5A) and bubble chart 
(Fig. 5B).

The top 10 pathways with higher P-values were classified 
according to their association as follows: arteriosclerosis 

Figure 2.  The intersection of YTG high-reliability targets and CAD-related targets, and mapping diagram of “Effective ingredients vs. Effective target.” (A) Venn 
diagram of YTG drug targets and CAD-related targets. (B) Network diagram of YTG “Effective Ingredients vs. Effective Targets.” A Venn diagram is a graphical 
representation that illustrates the relationships among different sets of items. It typically consists of overlapping circles, with each circle representing a distinct 
set. The overlapping areas illustrate the common elements shared between some different sets. The ingredient-target network diagram is a graphical tool used 
to illustrate the interactions between drug ingredients and their targets. This type of diagram assists researchers in understanding the mechanisms of drug 
action, particularly the multi-ingredient and multi-target characteristics of TCM formulations. CAD = coronary artery disease, TCM = traditional Chinese medi-
cine, YTG = Yixin Tongmai Granules.

Molecule Formula MW
Lipinski 

#violations
Ghose 

#violations
Veber 

#violations
Egan

#violations
Muegge 

#violations
Bioavailability 

Score
Matching 

score Peak area
Relative

content(%)

Apigenin-7-O-β-d-
glucoside

C
21

H
20

O
10

432.38 1 0 1 1 2 0.55 84.4 12,102,768.85 0.015

Calcium pantothenate C
18

H
32

Ca-
N

2
O

10

476.53 2 1 2 1 3 0.17 81.5 11,695,334.26 0.015

Naringenin chalcone C
15

H
12

O
5

272.25 0 0 0 0 0 0.55 77.8 11,293,192.77 0.014
Notoginsenoside C

47
H

80
O

17
917.13 3 3 2 1 4 0.17 93.7 11,265,441.21 0.014

Wogonoside C
22

H
20

O
11

460.39 1 0 1 1 2 0.11 75.7 10,932,389.62 0.014
Hesperidin C

28
H

34
O

15
610.56 3 4 1 1 4 0.17 90.7 10,215,955.59 0.013

Ethyl 
3,4-dihydroxybenzoate

C
9
H

10
O

4
182.17 0 0 0 0 1 0.55 78.5 10,006,657.22 0.012

Tectoridin C
22

H
22

O
11

462.4 2 0 1 1 3 0.17 75.4 8,728,105.688 0.011
Isoschaftoside C

26
H

28
O

14
564.49 3 3 1 1 4 0.17 75.7 5,892,194.89 0.007

Pyrogallol C
6
H

6
O

3
126.11 0 3 0 0 1 0.55 83.9 5,830,736.56 0.007

Purpureaside C C
35

H
46

O
20

786.73 3 4 2 1 5 0.17 90.6 4,954,673.445 0.006
Ginsenoside F1 C

36
H

62
O

9
638.87 2 3 1 1 3 0.17 83.5 4,173,622.912 0.005

Isobavachin C
20

H
20

O
4

324.37 0 0 0 0 0 0.55 70.9 2,230,608.728 0.003

Table 2

(Continued )
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(hsa05417), cancer (hsa05200, hsa05205, hsa01522, and 
hsa05210), viruses (hsa05161, hsa05167, and hsa05163), dia-
betes (hsa04933), and apoptosis (hsa04210). Arteriosclerosis 
refers to the thickening and hardening of the arterial wall, loss 
of elasticity, and narrowing of the lumen. The pathology of 
CAD is the occurrence of atherosclerosis in the coronary arter-
ies, that is, atherosclerosis is the underlying cause of CAD.[33] 
Atherosclerosis is a chronic inflammatory disease characterized 
by narrowing of arteries due to lipid-rich plaques (hsa05417) 
in the arterial wall.[34] Several other pathways are also asso-
ciated with CAD. Li et al found that CAD is an independent 
risk factor for cancer (hsa05200) and vice versa, and digestive, 
respiratory, and urogenital cancers are susceptible to CAD.[35] 
Some microbial infections have been shown to induce CAD.[36] 
Du et al confirmed that human cytomegalovirus infection 

(hsa05163) is closely associated with CAD.[37] However, most 
microbial infections are not related to CAD. According 
to a meta-analysis of Wijarnpreecha et al, HBV infection 
(hsa05161) was excluded as a risk factor for CAD.[38] T2DM is 
also a major risk factor for CAD,[39] and patients with T2DM 
tend to develop macrovascular and microvascular compli-
cations (hsa04933). Cell apoptosis (hsa04210) is inevitably 
involved in the pathogenesis, development, and prognosis of 
CAD.[40]

According to Metascape enrichment analysis of the effective 
targets, the pathway of “Lipid and Atherosclerosis” (hsa05417) 
was most significant in P-value, with LogP (the logarithm to base 
10 of P-value) of −42.6. The effective targets involved in this 
pathway are AKT1, APOB, BAX, BCL2, BID, CASP3, CASP8, 
CYP1A1, CYP2C9, FOS, HRAS, JUN, MAPK1, MAPK14, 

Figure 3.  The chemical structural formulas of 14 effective ingredients. The figure illustrates the 2D chemical structures of these organic molecules, which pri-
marily consist of the elements carbon (C), hydrogen (H), and oxygen (O).
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MAPK3, MAPK8, MMP1, MMP9, NFE2L2, NFKBIA, 
NLRP3, NOS3, PPARG, RAC1, RELA, SELP, SRC, STAT3, 
TLR4, TNF, and TP53, and accounted for 32.29% of the total 

effective targets. Among them, the proteins of AKT1, BCL2, 
JUN, MAPK1, MAPK3, RELA, SRC, STAT3, TNF, and TP53 
were the core targets, and accounted for 83.33% of the total 

Figure 4.  The PPI network diagram of effective targets and core targets of YTG. (A) PPI network diagram of effective targets, (B) PPI network diagram of core 
targets. A PPI network diagram is a graphical representation used to visualize the interactions between proteins within a biological system. These interactions 
include known interactions (derived from curated or experimentally determined sources), predicted interactions (such as gene neighborhood, gene fusions, 
or gene co-occurrence), and other types (such as text mining, co-expression, or protein homology). PPI = protein–protein interaction, YTG = Yixin Tongmai 
Granules.
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core targets. the pathway of “Pathways in cancer” (hsa05200) 
was second most significant in P-value, with LogP of −42.42. 
The effective targets involved in this pathway accounted for 
40.63% of the total effective targets. Among them, the proteins 
of AKT1, BCL2, ESR2, JUN, MAPK1, MAPK3, MYC, RELA, 
STAT3, and TP53 were the core targets, and accounted for 
83.33% of the total core targets. The number of the effective 
targets in this pathway also appearing in pathway of “Lipid and 
Atherosclerosis” was 20, accounting for 51.28% of the total 
effective targets in “Pathways in cancer.” The pathway of “AGE-
RAGE signaling pathway in diabetic complications” (hsa04933) 
ranked the forth, whose LogP value is −30.26. The effective tar-
gets involved in the pathway accounted for 20.83% of the total. 
Among them, the core targets involved are AKT1, BCL2, JUN, 
MAPK1, MAPK3, RELA, STAT3, and TNF, and accounted for 
66.67% of the total core targets. The pathway of “Apoptosis” 
(hsa04210) ranked the sixth, whose LogP value is −27.38. The 
effective targets accounted for 20.83% of the total. Among 
them, the core targets involved are AKT1, BCL2, JUN, MAPK1, 
MAPK3, RELA, TNF and TP53, and accounted for 66.67% of 
the total. The pathway of “Human cytomegalovirus infection” 
(hsa05163) ranked the ninth, whose LogP value is −24.44. The 
effective targets accounted for 21.88% of the total. Among 
them, the core targets involved are AKT1, MYC, MAPK1, 
MAPK3, RELA, SRC, STAT3, TNF and TP53, and accounted 
for 75% of the total. After removing the second item (Hepatitis 
B, hsa05161), the top 3 pathways in P-value are hsa05417, 
hsa05200 and hsa04933 successively. This study named these 
3 pathways as principal pathways, and the diagrams of the 3 
pathways which reflect the role of genes involved in pathways 
can be found in Supplementary Data 1, Supplemental Digital 
Content, http://links.lww.com/MD/O414. Then, the associations 
of between ingredients, targets and pathways were imported 
into the Cytoscape, and the network diagram of “Effective 
Ingredients vs. Effective Targets vs. High P-value Pathways” was 
thus built, as shown in Figure 6A. Further, the network diagram 
of “Core Ingredients vs. Core Targets vs. Principal Pathways” 
was also obtained, as shown in Figure 6B.

3.8. The affinities were verified molecular docking

In this study, according to Figure 6B, as small-molecule ligands, 
the 2D structure files of 7 core ingredients of YTG were down-
loaded from PubChem, and were processed with the lowest 
energy by Chem3D. As macromolecular receptors, the 3D 
structure PDB files of the 12 core targets of YTG were down-
loaded from “AlphaFoldDB” data source of UniProt. Then, 
AutoDocktools was used in the pretreatment before molecular 
docking, and AutoDock Vina was used to carry out molecular 

docking 1 by 1 between the core ingredients, and their core 
targets associated. If the docking score is less than or equal to 
−5.0 kcal/mol, it is generally agreed that there is good affin-
ity between the ligand and the receptor. Further, if the dock-
ing score is less than or equal to −7.0 kcal/mol, it is generally 
agreed that there is very good affinity between them. The 3D 
docking visualizing simulation diagrams generated by PyMOL, 
between ingredients and targets, as shown in Figure 7. Most 
of the docking scores in this study are below −5.0 kcal/mol, of 
which the best, i.e. docking between Tanshinone IIA and AKT1 
is −8.8 kcal/mol.

3.9. Multi-source data integration

To evaluate the interactions between the core ingredients and the 
core targets of YTG in the treatment of CAD, the HIT grading 
data with literature support and the affinity data of molecular 
docking between ligands and targets are summarized in Table 4. 
In this table, the HIT grading levels (A, B, C, or N/A) represent 
the confidence indicators of the targets. Their meanings are as 
follows: “A” represents “direct inhibition/activation”; “B” rep-
resents “indirect inhibition/activation,” “enzyme substate” and 
“enzyme product”; “C” represents “up/down regulation” and 
“other”; “N/A” represents no literature record (predicted by 
SwissTargetPrediction with higher probability). The latest proof 
can be found in the recommended literature on the HIT. For 
example, the thesis of Du[41] stated that cryptotanshinone is an 
effective inhibitor of STAT3.

4. Discussion

4.1. Literatures related to core targets

STAT3 belongs to the STAT protein family, responds to some 
cytokines and growth factors, and acts as a transcriptional 
factor for genes related to cell growth, differentiation, and 
survival.[42] STAT3 is activated by phosphorylation of the site 
Tyr705. Sustained activation of STAT3 leads to the overexpres-
sion of adhesion molecules ICAM1 and VCAM1.[43] Abnormally 
increased adhesion molecules lead to inflammation and acceler-
ate endothelial cell dysfunction, exacerbating atherosclerosis.[44] 
Inhibition of STAT3 activity by decreasing STAT3 phosphor-
ylation prevents inflammation and monocyte-to-macrophage 
differentiation, 2 factors that accentuating atherosclerosis.[45] 
The abnormal proliferation of VSMCs can promote plaque 
formation and accelerate atherosclerosis in the early stage, 
whereas the proliferation of VSMCs in the late stage of plaque 
can prevent rupture of the fibrous cap and stabilize plaque.[46] 
Activation of STAT3 intensifies the proliferation of VSMCs, 

Table 3

PPI network topology scores of ten core targets of YTG.

Target Degree Eigenvector LAC Betweenness Closeness

TP53 29 0.3198544 6.8965516 1606.6608 0.5
JUN 20 0.2897593 8.8 346.37604 0.46060607
MAPK3 19 0.26850638 7.7894735 251.2178 0.45238096
MAPK1 19 0.2760761 8.421053 222.32639 0.44705883
AKT1 19 0.25926083 7.1578946 400.00418 0.44186047
SRC 18 0.1867733 4.4444447 936.0713 0.42696628
STAT3 17 0.24660847 7.1764708 596.63916 0.47204968
MYC 16 0.22965252 7.125 185.30759 0.4108108
BCL2 16 0.21626037 6 285.85046 0.41758242
RELA 13 0.16079764 4.769231 322.12473 0.4198895
TNF 13 0.14109343 3.0769231 634.2787 0.45238096
ESR2 8 0.12162349 4.5 329.7155 0.38190955

JUN = transcription factor Jun, MAPK1 = MAP kinase-activated protein kinase 1, MAPK3 = MAP kinase-activated protein kinase 3, MYC = myelocytomatosis, PPI = protein–protein interaction, RELA = 
transcription factor p65, SRC = c-Src, STAT3 = signal transducer and activator of transcription 3, TNF = tumor necrosis factor, TP53 = tumor protein 53.

http://links.lww.com/MD/O414
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while inhibiting of STAT3 significantly reduces cell prolifera-
tion.[47] Therefore, STAT3 plays a crucial role in the progression 
of atherosclerosis. Research by Kim et al showed that, STAT3 is 
hyperphosphorylated in human oral squamous cell carcinoma, 
and cryptotanshinone can strongly inhibit the activity of STAT3 

by dephosphorylation of STAT3, which presents good antitumor 
activity by decreasing cell viability and inducing apoptosis.[48] 
The researches of Wang et al[49] and Li et al[50] on the treatment of 
different tumors with cryptotanshinone reached the same con-
clusion. Since abnormal activation of STAT3 has been shown to 

Figure 5.  Enrichment analysis of YTG anti-CAD. (A) Bar charts of GO analysis, (B) Bubble charts of GO analysis and KEGG pathway analysis. There were 4 
items analyzed: GO biological process, GO cellular component, GO molecular function, and KEGG pathway, listed from top to bottom. Each analysis included 
only the ten gene functions or participating pathways with the highest probabilities. CAD = coronary artery disease, GO = gene ontology, KEGG = Kyoto 
Encyclopedia of Genes and Genomes, YTG = Yixin Tongmai Granules.
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contribute to the occurrence and development of atherosclero-
sis, and cryptotanshinone in YTG is a direct and very effective 
inhibitor of STAT3, which is supported by the literature, this 
study suggests that cryptotanshinone inhibiting STAT3 may be 
an important way for YTG to resist atherosclerosis.

AKT1, a member of the AKT kinase family (AKT1, AKT2 
and AKT3), can be activated by diverse biochemical factors 
that regulate many biological processes, including metabolism, 
proliferation, cell survival, growth, and angiogenesis, which are 

mediated through the phosphorylation of downstream sub-
strates.[51] Fernández-Hernando et al found that deletion of 
AKT1 accelerates atherosclerosis in APOE−/−mice owing to the 
up regulation of pro-inflammatory genes and the apoptosis of 
endothelial cells and macrophages.[52] Fernández-Hernando et 
al further showed that the migration and survival of VSMCs 
decreases, the plaque is prone to rupture, and severe cardiovas-
cular diseases such as myocardial infarction may occur in the 
presence of atherosclerosis and absence of AKT1.[53] Activation 

Figure 6.  Association analysis between ingredients, targets and pathways for YTG. (A) Network diagram of “Effective Ingredients vs. Effective Targets vs. High 
P-value Pathways” for YTG, (B) Network diagram of “Core Ingredients vs. Core Targets vs. Principal Pathways” for YTG. YTG = Yixin Tongmai Granules.
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of AKT1 requires phosphorylation of its site Thr308 at least. If 
Ser473 is also phosphorylated, it will further enhance the catalytic 
activity.[54] Babaev et al confirmed that suppression phosphor-
ylation of Ser473 can decrease cell viability and early athero-
sclerosis.[55] Luo et al showed that Tanshinone IIA at 10 mg/
mL significantly inhibited hypoxia-induced phosphorylation of 
AKT, but had no significant effect on total AKT.[56] Therefore, 
this study suggests that Tanshinone IIA suppresses atheroscle-
rosis by inhibition the phosphorylation of AKT1. In addition, 

Wu et al showed that formononetin could clearly reduce FGF2-
triggered activation of FGFR2 and subsequent phosphorylation 
of AKT (Thr308) in a concentration-dependent manner, while the 
overall levels of AKT did not markedly change.[57] Therefore, 
this study also suggests that formononetin in YTG can resist 
atherosclerosis via AKT signaling.

MAPK1, also known as ERK2, is activated by dually phos-
phorylated Thr185 and Tyr187, which are involved in regulating 
life activities such as cell growth, adhesion, meiosis, mitosis, 

Figure 7.  3D visual simulation of the molecule docking with top scores. (A) Cryptotanshinone and STAT3, (B) Tanshinone IIA and BCL2, (C) Formononetin and 
ESR2, (D) Tanshinone IIA and RELA, (E) Formononetin and AKT1, (F) Tanshinone IIA and SRC, (G) Tanshinone IIA and AKT1, (H) Tanshinone IIA and TP53. 
This figure illustrates the 3D docking conformations between the 8 molecular ingredients and the 8 target proteins, using 2 representations: the surface model 
and the ribbon model. Among the surface models, the gray area in each image represents the 3D surface profile of the target protein, while the blue or green 
sections illustrate the stick structure of its ingredients. Among the ribbon models, the blue sections in each image represent the 3D surface profile of the target 
protein, the green sections depict the stick structure of the ingredient, and the yellow sections illustrate the hydrogen bonds formed between the ingredient and 
the protein. BCL2 = B-cell lymphoma-2, ESR2 = estrogen receptor 2, RELA = transcription factor p65, STAT3 = signal transducer and activator of transcription 
3, TP53 = tumor protein 53.

Table 4

Multi-source data integration of the core ingredients and the core targets.

Ligand
Content
in YK(%) Receptor

The data from the HIT database

Docking affinity (kcal/mol)Target level Target type PMID of PubMed

Calycosin-7-O-β-d-glucoside 0.65 TNF N/A N/A N/A −6.7
Tanshinone IIA SRC C Down regulate 15081864 −10.1

AKT1 A Direct inhibit 23437233 −7.9
JUN A Direct inhibit 20109438; 17979138; 18619357 −6.3
TP53 C Up regulate 18622903 −7.4
MYC C Down regulate 16104505 −6.5
RELA A Direct inhibit 16797002; 17979138 −6.9
TNF A Direct inhibit 21722522 −6.4

BCL2 C Down regulate 16104505; 16104505 −7.1
Caffeic acid 3.539 MAPK1 B Binder 25104643 −5.1

MAPK3 B Binder 25104643 −6.0
TNF C Others 12182233 −5.7

Cryptotanshinone 13.353 STAT3 A Direct−inhibitor 29207645; 31452742 −8.2
Formononetin 0.984 AKT1 B Binder 26575424 −8.1

ESR2 A Direct inhibit 11824555 −8.1
Ononin 1.623 TNF N/A N/A N/A −6.8
Danshensu 3.269 BCL2 C Up regulate 23139821 −4.1

JUN = transcription factor Jun, MAPK1 = MAP kinase-activated protein kinase 1, MAPK3 = MAP kinase-activated protein kinase 3, MYC = myelocytomatosis, PPI = protein–protein interaction, RELA 
= transcription factor p65, SRC = c-Src, STAT3 = signal transducer and activator of transcription 3, TNF = tumor necrosis factor, TP53 = tumor protein 53.
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survival, and differentiation. Zhu et al found that MAPK1 is 
up regulated in CAD, and positively affects CAD progresses.[58] 
Yang et al showed that caffeic acid can inhibit MAPK1 kinase 
activity by directly binding to MAPK1 in an ATP competitive 
manner.[59] So this study suggests that caffeic acid has potential 
application prospects in the treatment of CAD.

c-Src (SRC) is a member of the Src family of tyrosine kinases 
and is widely expressed in the human body. The main compo-
nents of atherosclerotic plaques are lipids, which contain high 
levels of cholesterol and other lipids. Plaque formation leads to 
vascular stenosis or even occlusion. The expression of TLR4 
and SRC in atherosclerotic tissue is up regulated, and oxidized 
low-density lipoprotein can induce TLR4 activating SRC and 
trigger macrophage lipid accumulation.[60] Kim et al showed that 
the adding of tanshinone IIA to osteoclast precursor cultures 
resulted in significant downregulation of SRC.[61] Therefore, this 
study suggests that tanshinone IIA may alleviate lipid accumula-
tion in atherosclerosis by decreasing SRC.

The apoptotic regulator BCL2 acts as an inhibitor of apop-
tosis and autophagy. Thorp et al found that BCL2 deficiency in 
macrophages may lead to advanced lesional macrophage apop-
tosis.[62] Ku et al confirmed that BCL2 is the main anti apop-
totic factor that determines macrophage survival.[63] Hu et al 
showed that the expression of BCL2 in tumor cells remarkably 
decreased in vitro after processing with tanshinone IIA for 2 
days.[64] Huang et al confirmed that tanshinone IIA can suppress 
the expression of BCL2 in tumor cells in vitro.[65] In addition, 
Li et al found that danshensu can up regulate the expression of 
BCL2 and reduce myocardial injury induced by isoproterenol in 
vivo.[66] Therefore, this study suggests that tanshinone IIA and 
danshensu are mutually antagonistic in the treatment of arterio-
sclerosis from the perspective of macrophage apoptosis.

NF-κB is a heterodimer or homodimer protein complex com-
posed of 5 family members (NFKB1, NFKB2, RELA, RELB, and 
c-REL) that manipulates DNA transcription, cytokine produc-
tion, and cell survival. NF-κB plays a key role in the regulation 
of immune responses and inflammation and is highly associated 
with the pathogenesis and progression of various cardiovascular 
diseases and arteriosclerosis.[67] Tanshinone IIA can inhibit the 
increase in NF-κB and DNA complex, and NF-κB binding activ-
ity in a dose-dependent manner to generate anti-inflammatory 
effects.[68] Additionally, Jin et al also showed that tanshinone IIA 
can inhibited NF-κB and AP-1 DNA-binding.[69]

TP53 is a tumor suppressor gene. Bensaad et al found that 
TP53 could induce the expression of TIGAR to inhibit glycoly-
sis and decrease the level of intracellular active oxygen.[70] Zhao 
et al further found that TIGAR could mitigate the development 
of atherosclerosis by promoting cholesterol efflux from mac-
rophages.[71] Su et al showed that tanshinone IIA increases the 
expression of TP53.[72] Therefore, this study suggests that tanshi-
none IIA may up regulate the expression of TP53 thus indirectly 
resisting atherosclerosis to a certain extent.

TNF is a cytokine that is mainly expressed by macrophages 
when injured and stimulated, and has biological functions in 
inflammatory response regulation, immunoregulation, and 
cytotoxicity by inducing apoptosis.[73] TNF increases LDL 
transcytosis across endothelial cells and thus facilitates LDL 
retention in the vascular wall; hence, it plays an important role 
in atherosclerosis.[74] The level of TNF significantly increases 
with acute ischemia, and plasma concentrations of TNF are 
persistently elevated in patients with myocardial infarction.[75] 
Additionally, TNF is a key aging-related pro-inflammatory cyto-
kine that leads to platelet hyperreactivity and increases the risk 
of thrombus.[76] Therefore, TNF may be a promising treatment 
target for CAD and its complications. Some core ingredients in 
YTG target TNF. Jia et al found that tanshinone IIA inhibits the 
upregulation of LPS-induced TNF.[77] Giovannini et al showed 
that caffeic acid could inhibit the release of LPS-induced TNF.[78] 
Xu et al also showed that ononin could inhibit IL-1β-induced 

upregulation of TNF in a dose-dependent manner.[79] Moreover, 
Li et al showed that Calycosin-7-O-β-d-glucoside could not 
inhibit LPS-induced upregulation of TNF.[80] Therefore, tanshi-
none IIA, caffeic acid, and ononin have an inhibitory effect on 
TNF.

E2 is an endogenous steroid hormone and is the main female 
sex hormone. ERα (ESR1) and ERβ(ESR2) are important mem-
bers of the E2 receptor family. There is no consensus regarding 
the treatment of CAD in postmenopausal women with E2 tar-
geting ESR2. Geraldes et al found that E2 might activate ESR2 
to decrease the migration and proliferation of smooth muscle 
cells.[81] However, Mcrobb et al showed that E2 could suppress 
the expression of ESR2 and drive calcification by metaplasia 
from VSMCs to osteoblast-like cells in advanced atheroscle-
rotic lesions.[82] Morito showed that formononetin binds well to 
ESR2 and acts as an antagonist of the induction of transcription 
by E2.[83]

c-Jun (JUN) is a kind of proto-oncogene protein that often 
binds to FOS or FOSB to form an AP-1 transcription factor 
complex. Zhong et al found that the knockout of JUN produces 
unexpected positive effects of inducing differentiation from 
human pluripotent stem cells to cardiomyocytes in vitro.[84] 
Therefore, anti-JUN therapy may have a promising application 
prospect in myocardial regeneration. Jin et al found that tan-
shinone IIA could suppress TNF-induced c-jun phosphoryla-
tion.[69] Moreover, Zhou et al showed that tanshinone IIA could 
alleviate Angiotensin II-induced cardiomyocyte hypertrophy by 
inhibiting the mRNA expression of FOS and JUN.[85]

MAPK3, also known as ERK1, is activated by dually phos-
phorylated Thr202 and Tyr204, and its function is similar to that 
of MAPK1. Chen et al based on gene GEO showed that MAPK3 
was relatively down regulated in the atherosclerotic group com-
pared to the normal group.[86] Yang et al showed that caffeic 
acid can dose-dependently inhibit MAPK3 kinase activities.[59]

c-Myc (MYC) is a proto-oncogene that functions as a tran-
scription factor and regulates the expression of multiple genes. 
Wang et al based on GEO showed that MYC and MYC-
mediated downstream targets were down regulated in heart 
failure tissues,[87] it can be inferred that MYC plays a key role 
in heart failure. Hu et al showed that the expression of MYC 
remarkably decreased in vitro after being processed with tanshi-
none IIA 2 days.[64]

4.2. Literatures related to effective ingredients

Tanshinone IIA is a fat-soluble diterpene quinone found in 
danshen. It has a variety of biological activities, including anti-
oxidant, anti-inflammatory, anticoagulant, antithrombotic, 
neuroprotective, immunoregulatory, and antitumor activities, 
as well as extraordinary cardioprotective effects by enhancing 
angiogenesis.[88] Caffeic acid is a phenolic acid component that 
is shared by renshen, beishashen, danshen and chuanxiong. 
It has a variety of biological activities, including antioxidant, 
anti-inflammatory, antibacterial, cytostatic and vasorelaxant.[89] 
Nicotinic acid is a heterocyclic ingredient in huangqi and is 1 
of the 13 essential vitamins in the human body. It can improve 
blood lipid abnormalities by increasing plasma high-density 
lipoprotein cholesterol concentration.[90] Formononetin is a 
flavonoid shared by zhigancao, huangqi, and danshen. It has 
biological activities, such as antioxidation, antihypertension, 
antitumor, anti-infection, and neuroprotection.[91] Liquiritin is 
a flavonoid extracted from zhigancao. It has anti-inflammatory 
and cardioprotective properties.[92] Danshensu, with an alias 
of salvianic acid A, is a phenolic acid ingredient in danshen. It 
mainly shows therapeutic effects in some cardiovascular dis-
eases such as myocardial I/R, atherosclerosis, and hyperten-
sion.[93] Cryptotanshinone is a fat-soluble diterpene quinone 
extracted from danshen. Cryptotanshinone has 2 optical iso-
mers (PubChem CID:160254 and PubChem CID:25181389). 
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According to data from the HIT database, cryptotanshinone in 
danshen is the first isomer. It has a variety of biological activ-
ities, including anticancer, anti-inflammatory, immune regula-
tion, neuroprotective, and antifibrosis.[94] Liu et al found that 
cryptotanshinone had anti-atherosclerotic activity.[95] Ahmad[96] 
found that cryptotanshinone could significantly suppress TNF-
induced endothelial cell activation and prevent cytokine-induced 
early atherogenesis via anti-inflammatory activity. Calycosin is 
a flavonoid present in huangqi. It has been reported to have 
anticancer, antioxidative, immunomodulatory, and estrogenic- 
like properties.[97] Citric acid is a type of organic acid in ren-
shen, which generally improves appetite. It has protective 
effects against myocardial I/R injury, which are based on anti- 
inflammatory, antiplatelet aggregation, and direct cardio-
myocyte protective effects.[98] Dihydrotanshinone I is a 
phenanthraquinones present in danshen. It could inhibit angio-
genesis by suppressing endothelial cell proliferation, migration, 
invasion and tube formation.[99] Ligustilide is a terpenoid found 
in chuanxiong. It has neuroprotective effects against neurode-
generative diseases.[100] In addition, it has the biological activ-
ity of anticancer based on inhibiting tumor angiogenesis.[101] 
Ononin is an isoflavone shared by zhigancao and huangqi. It 
can inhibit angiogenesis, thereby restraining tumor growth.[102] 
It has anti-inflammatory activity in lipopolysaccharide-induced 
inflammatory responses.[103] It has antifungal activity against 
Candida albicans and may be an alternative drug for this dis-
ease.[104] Calycosin-7-O-β-d-glucoside is an isoflavone present 
in huangqi. It may alleviate I/R injury.[105] It can significantly 
improve cell viability and reduce oxidative stress and neuronal 
apoptosis.[106] Liquiritigenin is a flavonoid extracted from zhi-
gancao. It has antifibrotic properties.[107]

5. Conclusion
TCM is mostly based on traditional medical experiences, and 
is derived from a combination of natural drugs. However, the 
chemical composition of a drug is very complex, often compris-
ing hundreds or even thousands ingredients. These ingredients 
can act on multiple targets and exert a variety of pharmaco-
logical effects. In addition, there are interactions between some 
targets and synergy and antagonism between some ingredients. 
Moreover, the content of ingredients in 1 TCM drug may be 
high or low, leading to changes in the pharmacodynamics. 
Therefore, the pharmacology of TCM is complex. In this study, 
the ingredients of YTG were identified based on more rigor-
ous experimental UHPLC-MS/MS data. The active ingredients 
were screened based on the content threshold (not <0.5%) and 
the ADME criteria of the SwissADME platform. Then, the 
HIT database and SwissTargetPrediction platform were used 
to search for high-confidence targets from 2 aspects, namely, 
literature support and chemical structure similarity. After the 
drug and disease targets of CAD were imported into Venny 
2.1, the effective targets of YTG were obtained. PPI analysis of 
the above targets was carried out using STRING, and the core 
targets of YTG were derived, which were TP53, STAT3, JUN, 
MAPK3, MAPK1, AKT1, SRC, MYC, BCL2, RELA, TNF, and 
ESR2. Next, 96 effective targets were imported into Metascape. 
Through enrichment analysis of the effective targets, ten biolog-
ical processes, ten cell components, ten molecular functions and 
ten signal pathways with high significance were identified. After 
analysis, the top pathways associated with CAD are “Lipid and 
atherosclerosis,” “Pathways in cancer,” and “AGE-RAGE signal-
ing pathway in diabetic complications.” Using Cytoscape, this 
study built a biological network diagram of YTG in the treat-
ment of CAD, between the effective ingredients, effective targets, 
and high P-value pathways (core ingredients, core targets, and 
principal pathways). AutoDock and PyMOL were used to carry 
out molecular docking and visualization of the core ingredients 
and core targets to evaluate the affinity between them. Finally, 

by analyzing and summarizing related literature, mainly recom-
mended by the HIT database, this study explored the molecular 
mechanism of YTG in treating CAD from ingredients, targets 
and CAD, and inferred the main pharmacological ingredients 
of YTG, namely tanshinone IIA, cryptotanshinone, caffeic acid, 
denshensu, ononin, and formononetin. The pharmacology of 
the effective ingredients in the literature has also been arranged 
as a supplement to the former. The data and analysis in this 
study, particularly anti-arteriosclerosis pharmacologies of YTG, 
are helpful for scholars to comprehensively understand the com-
plex pharmacological mechanism of YTG against CAD and its 
complications.
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