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Background: Microvascular angina (MVA) is a group of clinical manifestations of angina pectoris or 
angina-like chest pain, positive exercise test, and exclusion of epicardial coronary artery spasm, wherein 
coronary angiography (CAG) does not present obvious epicardial vascular stenosis. Shexiang Tongxin 
dropping pill (STDP) has the effect of benefiting the Qi and opening the blood vessels, activating blood 
circulation, and resolving blood stasis. We explored the mechanism of STDP against MVA by network 
pharmacology and molecular docking. 
Methods: Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP), 
literature search, SwissTargetPrediction database, and high-throughput experiment- and reference-guided 
database of traditional Chinese medicine (HERB) were applied to identify the active ingredients and 
targets of STDP. The MVA targets were searched in the databases of GeneCards, Pharmacogenetics and 
Pharmacogenomics Knowledge Base (PharmGKB), DisGeNET, Online Mendelian Inheritance in Man 
(OMIM), and Therapeutic Target Database (TTD). The common targets of STDP and MVA were screened. 
The software RStudio 4.1.3 was used to analyze the enrichment of these targets using Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. Protein-protein interaction (PPI) 
network analysis of the common targets was performed using the Search Tool for the Retrieval of Interacting 
Genes/Genomes (STRING) database. The cytoHubba plug-in of Cytoscape 3.9.1 software was employed 
to analyze the PPI network and obtain the core targets. Molecular docking was performed to verify the 
relationship between the core compounds and proteins with AutoDock Tools 1.5.7 and Pymol 2.4.0.
Results: We identified 93 effective components of STDP, 310 potential targets, 981 MVA targets, and 138 
intersectional targets. The potential anti-MVA mechanism of STDP may involve the advanced glycation 
end products/receptor for advanced glycation end products (AGE-RAGE) signaling pathway in diabetic 
complications; lipids and atherosclerosis; fluid shear stress; atherosclerosis; the tumor necrosis factor (TNF), 
interleukin (IL)-17, hypoxia-inducible factor (HIF)-1, and C-type lectin receptor signaling pathways. 
Further, STDP mainly acts on its targets IL-6, AKT1, STAT3, JUN, and IL-1β to against MVA.
Conclusions: The STDP may exert its therapeutic effects through processes, such as anti-inflammation, 
promotion of smooth muscle cell proliferation and differentiation, lipid metabolism, immunomodulation, 
and regulation of cellular autophagy.
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Introduction

Microvascular angina (MVA) is a group of clinical 
manifestations including angina pectoris or angina-like 
chest pain, positive exercise test, and exclusion of epicardial 
coronary artery spasm; however, coronary angiography 
(CAG) examination does not reveal significant stenosis 
of epicardial vessels (1). Epidemiological surveys have 
shown that MVA accounts for approximately 10–15% 
of angina pectoris cases; the incidence of MVA can be as 
high as 30% in patients with nonobstructive stable angina 
pectoris (2). In patients with suspected myocardial ischemia 
and indication for CAG, about 41% of women and 8% 
of men have been found to have no significant epicardial 
stenosis (3). Although the coronary microcirculation system 
predominantly consists of microarterial capillaries and 
microvenules with a diameter of ≤150 μm, CAG can only 
show vessels >500 μm in diameter. The main clinical indices 
used to assess coronary microcirculation are microvascular 
resistance reserve (MRR), resistive reserve ratio (RRR), 
coronary flow reserve (CFR), and resting and hyperemic 
mean transit time (Tmn) (4). The major drugs currently 
used to treat MVA are nitrates and beta-blockers. Beta-
blockers (propranolol, nebivolol, and carvedilol) have been 
reported to improve exercise tolerance and symptoms, and 
are up to 75% effective in the treatment MVA (5). Although 
MVA is generally associated with a good prognosis, a 
related study showed that 20% of patients with MVA 
experience worsening symptoms, which greatly increases 
the incidence of adverse cardiovascular events (6). Coronary 
microcirculation disorder (CMD) is the main cause of 
MVA (7). Microcirculatory disorders are disorders of 
structure and function and mainly include microcirculatory 
embolism and endothelial cell dysfunction (8). Structural 
or functional abnormalities of the CMD, resulting in 
impaired vasodilation, as evidenced by the inability of the 
coronary arteries to expand appropriately to accommodate 
myocardial oxygen demand (9). This might explain the 
symptoms of ischemia in MVA patients without significant 
epicardial stenosis.

In recent years, the concept of multitargeted and 
comprehensive treatment of diseases with traditional Chinese 
medicine (TCM) has witnessed great progress. In the 
cardiovascular field, the importance of TCM is increasing. It 
is not uncommon for patients to experience adverse reactions 
to the simple Western medicine intervention, and the 
curative effect is limited. Unlike Western medicine, TCM 
comprises a multitargeted, multi-pathway, and multilinked 

treatment model. The main ingredients of the Shexiang 
Tongxin dropping pill (STDP) are musk (she xiang), radix 
salviae (dan shen), borneol (bing pian), toad skin secretion 
cake (chan su), calculus bovis (niu huang), folium ginseng 
(ren shen ye), and bear gall (xiong dan) (10). It has been 
demonstrated that STDP can alleviate CMDs, likely via 
anti-inflammatory, antioxidant, and apoptosis-inhibiting 
mechanisms (11). The composition of STDP is complex, and 
due to various constraints, its mechanism of action has not 
been fully elucidated. We employed network pharmacology 
and molecular docking techniques to investigate the action 
mechanism of STDP in the treatment of MVA. 

TCMSP is a unique systems pharmacology platform of 
Chinese herbal medicines that captures the relationships 
between drugs, targets and diseases (https://tcmsp-e.com/
tcmsp.php). HERB (BenCaoZuJian as its Chinese name), 
a high-throughput experiment- and reference-guided 
database of TCM (http://herb.ac.cn). We present the 
following article in accordance with the STREGA reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3976/rc).

Methods

Schematic diagram

Figure 1 presents the schematic diagram of the study design 
and workflow. We employed network pharmacology and 
molecular docking to investigate the action mechanism of 
STDP against MVA.

Screening the main active ingredients and targets of 
STDP

The compounds of borneol, radix salviae, musk, toad 
skin secretion cake, calculus bovis, folium ginseng, and 
bear gall in STDP were collected from the Traditional 
Chinese Medicine Systems Pharmacology Database and 
Analysis Platform (TCMSP) and HERB databases (12,13). 
In addition, we searched for relevant literature through 
PubMed to supplement the drug composition and target 
of action (14-16). Oral bioavailability (OB) and drug-
likeness (DL) are essential indicators targeted to determine 
the absorption, distribution, metabolism, and excretion 
(ADME) of drug metabolism kinetics (17). The desired 
compounds were screened for active ingredients with an OB 
≥30% and DL ≥0.18, and the targets of the corresponding 
compounds’ actions were obtained through the TCMSP 

https://tcmsp-e.com/tcmsp.php
https://tcmsp-e.com/tcmsp.php
http://herb.ac.cn
https://atm.amegroups.com/article/view/10.21037/atm-22-3976/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3976/rc
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Figure 1 Schematic diagram depicting the study design and workflow. STDP, Shexiang Tongxin dropping pill; MVA, microvascular angina; 
GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction; BP, biological process; MF, 
molecular function; CC, cellular component; MAP, mitogen-activated protein; AGE-RAGE, advanced glycation end products/receptor for 
advanced glycation end products; TNF, tumor necrosis factor; IL, interleukin; HIF, hypoxia-inducible factor.
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database. In addition, the compounds that met the screening 
criteria but did not possess the corresponding target in 
the TCMSP database were selected and their canonical 
simplified molecular-input line-entry system (SMILES) 
numbers were screened from the PubChem database with 
reference to the Chemical Abstracts Service (CAS) numbers 
of these compounds. “Homo sapiens” was selected, and the 
top 15 predicted targets with probability >0 were added by 
SwissTargetPrediction (18). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013).

MVA disease target collection

The search entry for the target disease was “Microvascular 
Angina”, and its Medical Subject Headings (MeSH) Unique 
ID (D017566) was obtained from the MeSH database 
in PubMed. We searched the GeneCards database (19),  
Online Mendelian Inheritance in Man (OMIM) database (20),  
Pharmacogenetics and Pharmacogenomics Knowledge 
Base (PharmGKB) database (21), DisGeNET (22), 
and Therapeutic Target Database (TTD) (23) using 
“Microvascular Angina” as the keyword. Duplicate targets 
were deleted and the target data for the disease was created.

Acquisition of potential targets for STDP against MVA

The software Rstudio 4.1.6 (RStudio, Boston, MA, USA) 
and the “ggvenn” package were used to draw the Venn 
diagram. The targets of action of the active ingredients of 
STDP were compared with the targets of MVA to obtain 
the intersection targets. These intersection targets served as 
the potential targets of STDP for MVA treatment.

STDP active ingredient-MVA-target interaction network 
construction

We removed the active ingredients from STDP that did 
not intersect with the disease target. All remaining active 
ingredients and the intersecting targets were then imported 
into Cytoscape 3.9.1 (24). The topology of the STDP-
regulated MVA network was structured in accordance with 
the drug-compound-target partition. The node size was set 
to be continuously mapped by the degree of connectivity. 
Each node represented a drug, compound, or target. 
Connections between the nodes represented the presence 
of interactions between them. The degree of the node 
represented the number of nodes connected.

Enrichment analyses

The software Rstudio 4.1.3 and the “org.Hs.eg.db” package 
of the Bioconductor database was used to convert the gene 
symbols of the intersection targets into Entrez IDs. We 
then used the “ClusterProfiler” package to perform Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis of the network (25). 
We set P<0.01 and false discovery rate (FDR) <0.01 as the 
entries to plot the results of GO and KEGG enrichment 
analysis, separately. We also identified the top 20 cellular 
components (CC), biological processes (BP), molecular 
functions (MF), and signaling pathways involved in the 
intersecting targets.

Construction of the protein-protein interaction (PPI) 
network

The PPI network analysis of the intersecting targets 
was performed by the Search Tool for the Retrieval of 
Interacting Genes/Genomes (STRING) database, and 
“Homo sapiens”, which showed the lowest interaction 
score (≥0.4), was used as the screening criterion (26). The 
data was exported in the TSV format and imported into 
Cytoscape 3.9.1 for further analyses.

The core target screen

The PPI network was screened using the cytoHubba 
plugin (27). We then selected the top 20 core genes by 
maximal clique centrality (MCC), degree, edge-percolated 
component (EPC), closeness, and radiality. After selecting 
the top 20 core genes, the intersection was performed to 
obtain the key targets, which were then arranged in the 
descending order by MCC owing to the superior confidence 
of MCC in cytoHubba. 

Molecular docking

We downloaded the 3-dimensional (3D) structures of core 
targets from the Protein Data Bank (PDB) (28). Next, we 
obtained the SDF structure files of the compounds through 
the PubChem database (29). We also used Open Babel 
3.1.1 to convert the SDF file into a PDB file (30). Further, 
PYMOL 2.4.0 (31) was used to dehydrate the receptor 
protein, remove the ligand, and retain the single chain, and 
the AutoDock Tools (32) were used to modify the receptor 
protein by hydrogenation and charge balancing.
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Statistical analyses

The data were summarized using Windows, WPS Office 
version (11.1.0.11744)-Release; the PPI data were analyzed 
by Cytoscape 3.9.1; the protein processing data were 
molecularly docked using the AutoDock Vina 1.1.2. The 
pathway enrichment visualization analysis was performed 
from Rstudio 4.1.6. All relevant data analysis results are 
presented in the “Results” section.

Results

Screening the active ingredients and targets of STDP

The pinyin herbal names bing pian, dan shen, niu huang, 
and ren shen ye were entered in the TCMSP database, 
and chan su and xiong dan were entered into the HERB 
database, with the parameters set to OB ≥30% and 
DL ≥0.18. The active ingredients of she xiang were 
supplemented by reviewing the relevant literature in 
recent years. The SwissTargetPrediction database was 
used to predict the target points of she xiang, and those 
active ingredients that failed to match the target in the 
TCMSP database and the setting of “high” gastrointestinal 
absorption were chosen. The targets of action of some of 
the active ingredients were supplemented by searching the 
relevant literature in PubMed. In all, 93 active ingredients 
were obtained, including 7 for she xiang, 9 for ren shen ye, 
65 for dan shen, 5 for niu huang, 4 for chan su, 3 for bing 
pian, and 1 for xiong dan. Among them, deoxycholic acid is 
a common component of xiong dan and niu huang. A total 
of 310 target genes corresponded to the active ingredients 

of STDP after removing the duplicates.

Acquisition of potential targets for STDP against MVA

A total of 1,024 MVA disease targets were obtained by 
searching GeneCards (score ≥1), TTD, DisGeNET, 
OMIM, and PharmGKB databases, and 981 remained 
after removal of duplicates. The active ingredient of STDP 
regulates targets that intersect with MVA disease genes 
are the potential targets of STDP against MVA. The 
targets corresponding to the active ingredients of the drugs 
were intersected with the disease targets. A total of 138 
intersecting targets were obtained, which constituted the 
potential targets of STDP for MVA treatment (Figure 2). 
After the removal of duplicates, the total number of active 
ingredients corresponding to these targets was 81.

STDP active ingredient-MVA-target interaction network 
construction

An STDP active ingredient-MVA-target interaction 
network was constructed based on 138 target genes and 
their active ingredients using Cytoscape 3.9.1 (Figure 3). 
The network consisted of 226 nodes and 607 edges. The 
node size was proportional to the degree value. The blue 
concave quadrilateral contained 7 of the main components 
of STDP, namely musk (she xiang), toad skin secretion 
cake (chan su), radix salviae (dan shen), calculus bovis (niu 
huang), borneol (bing pian), folium ginseng (ren shen ye), 
and bear gall (xiong dan). The red square (one only) was a 
component of deoxycholic acid, the common component 
of both bear gall and calculus bovis. The positive hexagon 
represented the compound, and yellow, pink, cyan, purple, 
orange, and dark blue were the active ingredients of folium 
ginseng, musk, calculus bovis, toad skin secretion cake, radix 
salviae, and borneol, respectively. Green diamonds were the 
intersection targets of STDP and MVA.

Enrichment analyses

The GO and KEGG pathway enrichment analysis of the 
138 intersectional targets was performed using RStudio 
4.1.3. Furthermore, P<0.01 and FDR <0.01 were set for the 
entries to plot the results of GO and KEGG enrichment 
analyses separately. The top 20 CC, BP, MF, and signaling 
pathways involved in the intersecting targets were identified 
(Figure 4). 

The GO-BP of the targets included a response to 

STDP

172
(14.9%)

138
(12.0%)

843
(73.1%)

MVA

Figure 2 The potential targets of STDP for MVA treatment. 310 
targets in the STDP group and 981 targets in the MVA group; and 
138 intersection targets. STDP, Shexiang Tongxin dropping pill; 
MVA, microvascular angina.
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lipopolysaccharides, response to molecules of bacterial 
origin, wound healing, response to oxidative stress, aging, 
muscle cell proliferation, and negative regulation of the 
apoptotic signaling pathway (Figure 4A).

The GO-MF comprised signaling receptor activator 
activity, receptor-ligand activity, nuclear receptor activity, 
growth factor receptor binding, protein phosphatase 
binding, and mitogen-activated protein (MAP) kinase 
activity (Figure 4B).

The GO-CC consisted of membrane raft, membrane 
microdomain, vesicle lumen, external side of the plasma 
membrane, focal adhesion, organelle outer membrane, and 
platelet alpha granule lumen (Figure 4C).

The potential target genes of STDP in MVA were 
predominantly enriched in the advanced glycation end 
products/receptor for advanced glycation end products 
(AGE-RAGE) signaling pathway, lipids and atherosclerosis, 
fluid shear stress and atherosclerosis, tumor necrosis factor 
(TNF) signaling pathway, interleukin (IL)-17 signaling 
pathway, hypoxia-inducible factor (HIF)-1 signaling 
pathway, and C-type lectin receptor signaling pathway 
(Figure 4D). Each pathway consisted of different targets 
(Table 1).

Construction of the PPI network

A Venn diagram was plotted to obtain the STDP and MVA 
intersection targets using RStudio 4.1.3 and the “ggvenn” 
package. A total of 138 common targets were obtained 
as outcomes (Figure 2). A PPI network analysis of the 
intersecting targets was performed using the STRING 
(https://cn.string-db.org/) database, and the species “Homo 
sapiens” and the lowest interaction score of ≥0.4 were 
used as the screening criteria. The PPI network diagram 
generated by the STRING database was saved, with each 
edge representing a PPI (Figure 5A). The PPI network 
information generated from the STRING database was 
exported in TSV format and imported into Cytoscape 3.9.1 
to further construct the network for subsequent core target 
screening (Figure 5B). The higher the number of lines in 
the network (Figure 5A,5B), the greater the correlation and 
the higher the ranking of the target in the PPI network. 
The network (Figure 5B) contained 138 nodes and 2,966 
edges, and their distribution sizes were arranged according 
to degree values. The top 20 core genes were selected by 
“MCC”, “Degree”, “EPC”, “Closeness”, and “Radiality” 
(Table 2). The intersecting targets were then taken to further 

Figure 3 STDP component-MVA-target interaction network. STDP, Shexiang Tongxin dropping pill; MVA, microvascular angina.
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Table 1 KEGG analysis of the top 20 pathways

ID Pathway Gene

hsa04933 AGE-RAGE 
signaling pathway 
in diabetic 
complications

AKT1, BAX, CCND1, BCL2, CASP3, MAPK14, EDN1, F3, ICAM1, IL1A, IL1B, IL6, CXCL8, JUN, MMP2, 
NFKB1, NOS3, SERPINE1, PRKCA, PRKCB, MAPK1, MAPK3, MAPK8, MAPK9, RELA, CCL2, SELE, 
STAT1, STAT3, THBD, TNF, VCAM1, VEGFA, CAV1, GSTM1, GSTP1, HMOX1, HSP90AA1, IFNG, ITGB3, 
MMP9, NFE2L2, PLAT, TP53, NCF1

hsa05417 Lipid and 
atherosclerosis

AKT1, BAX, BCL2, BCL2L1, CASP1, CASP3, CASP7, CASP8, CASP9, CD40LG, MAPK14, HSP90AA1, 
ICAM1, IL1B, IL6, CXCL8, JUN, LDLR, MMP1, MMP3, MMP9, MYD88, NFE2L2, NFKB1, NFKBIA, NOS3, 
PPARG, PRKCA, MAPK1, MAPK3, MAPK8, MAPK9, RELA, CCL2, SELE, STAT3, TLR4, TNF, TP53, 
VCAM1, VLDLR, NCF1, BIRC5, CDKN1A, PCNA, PRKCB, RAF1, RB1, STAT1, EDN1, CXCL10, IRF1, 
PTGS2, IFNG, IL4, IL10, NOS2, IL2, SERPINE1, IL1A, PTPN6, CTSD, VDR, MDM2, CXCL11, SPP1, EGFR, 
P2RX7, ROCK1, MMP2, VEGFA, AHR, HIF1A, EGF, ACP1, GSTM1, HMOX1, MET, PTPN1, INSR, PPARA, 
SREBF1, ITGB3, CCND1, ESR1, ESR2, APP, MAPT, MME, CXCR3, ADRB2, EDNRA, HTR1B, PDE4D, 
MPO, PPARD, CAV1

hsa05418 Fluid shear 
stress and 
atherosclerosis

AKT1, BCL2, CAV1, MAPK14, EDN1, GSTM1, GSTP1, HMOX1, HSP90AA1, ICAM1, IFNG, IL1A, IL1B, 
ITGB3, JUN, MMP2, MMP9, NFE2L2, NFKB1, NOS3, PLAT, MAPK8, MAPK9, RELA, CCL2, SELE, THBD, 
TNF, TP53, VCAM1, VEGFA, NCF1

hsa05161 Hepatitis B AKT1, BIRC5, BAX, BCL2, CASP3, CASP8, CASP9, CDKN1A, MAPK14, IL6, CXCL8, JUN, MMP9, 
MYD88, NFKB1, NFKBIA, PCNA, PRKCA, PRKCB, MAPK1, MAPK3, MAPK8, MAPK9, RAF1, RB1, RELA, 
STAT1, STAT3, TLR4, TNF, TP53

hsa04668 TNF signaling 
pathway

AKT1, CASP3, CASP7, CASP8, MAPK14, EDN1, ICAM1, IL1B, IL6, CXCL10, IRF1, JUN, MMP3, MMP9, 
NFKB1, NFKBIA, MAPK1, MAPK3, MAPK8, MAPK9, PTGS2, RELA, CCL2, SELE, TNF, VCAM1

hsa04657 IL-17 signaling 
pathway

CASP3, CASP8, MAPK14, HSP90AA1, IFNG, IL1B, IL4, IL6, CXCL8, CXCL10, JUN, MMP1, MMP3, 
MMP9, NFKB1, NFKBIA, MAPK1, MAPK3, MAPK8, MAPK9, PTGS2, RELA, CCL2, TNF

hsa05215 Prostate cancer AKT1, AR, CCND1, BCL2, CASP9, CDKN1A, EGF, EGFR, ERBB2, GSTP1, HSP90AA1, MDM2, MMP3, 
MMP9, NFKB1, NFKBIA, PLAT, PLAU, MAPK1, MAPK3, RAF1, RB1, RELA, TP53

hsa04066 HIF-1 signaling 
pathway

AKT1, BCL2, CDKN1A, EDN1, EGF, EGFR, ERBB2, HIF1A, HMOX1, IFNG, IL6, INSR, NFKB1, NOS2, 
NOS3, SERPINE1, PRKCA, PRKCB, MAPK1, MAPK3, RELA, STAT3, TLR4, VEGFA

hsa05205 Proteoglycans in 
cancer

AKT1, CCND1, CASP3, CAV1, CDKN1A, MAPK14, EGFR, ERBB2, ESR1, FGF2, HIF1A, IGF2, ITGB3, 
MDM2, MET, MMP2, MMP9, PLAU, PRKCA, PRKCB, MAPK1, MAPK3, PTPN6, RAF1, ROCK1, STAT3, 
TLR4, TNF, TP53, VEGFA, AR, BCL2, CASP9, EGF, GSTP1, HSP90AA1, MMP3, NFKB1, NFKBIA, PLAT, 
RB1, RELA, EDN1, HMOX1, IFNG, IL6, INSR, NOS2, NOS3, SERPINE1, ADRB2, AHR, BIRC5, ESR2, 
GSTM1, JUN, PPARA, VDR, BCL2L1, FGF1, IL2, IL4, SPP1, HSPB1, IL1A, IL1B, MAPT, MYD88, MAPK8, 
MAPK9, BAX, CXCL8, MMP1, PTGS2, NFE2L2, STAT1, CNR1, CTSD, LDLR

hsa05145 Toxoplasmosis AKT1, BCL2, BCL2L1, CASP3, CASP8, CASP9, CD40LG, MAPK14, IFNG, IL10, LDLR, MYD88, NFKB1, 
NFKBIA, NOS2, MAPK1, MAPK3, MAPK8, MAPK9, RELA, STAT1, STAT3, TLR4, TNF

hsa05133 Pertussis CASP1, CASP3, CASP7, MAPK14, IL1A, IL1B, IL6, CXCL8, IL10, IRF1, JUN, MYD88, NFKB1, NOS2, 
MAPK1, MAPK3, MAPK8, MAPK9, RELA, TLR4, TNF

hsa05212 Pancreatic cancer AKT1, BAX, CCND1, BCL2L1, CASP9, CDKN1A, EGF, EGFR, ERBB2, NFKB1, MAPK1, MAPK3, MAPK8, 
MAPK9, RAF1, RB1, RELA, STAT1, STAT3, TP53, VEGFA

hsa05163 Human 
cytomegalovirus 
infection

AKT1, BAX, CCND1, CASP3, CASP8, CASP9, CDKN1A, MAPK14, EGFR, IL1B, IL6, CXCL8, ITGB3, 
MDM2, NFKB1, NFKBIA, PRKCA, PRKCB, MAPK1, MAPK3, PTGER4, PTGS2, RAF1, RB1, RELA, 
ROCK1, CCL2, STAT3, TNF, TP53, VEGFA, AR, BCL2, EGF, ERBB2, GSTP1, HSP90AA1, MMP3, MMP9, 
PLAT, PLAU, BCL2L1, MAPK8, MAPK9, STAT1, IFNG, CXCL10, LDLR, PPARA, ESR1, ESR2, JUN, MMP2, 
MMP1, IL2, IL4, MYD88, MET, BIRC5, AHR, NFE2L2, IRF1, SPP1, GSTM1, HMOX1, IGF2, FGF1, FGF2, 
NOS2, ICAM1, CHEK2, INSR

hsa05140 Leishmaniasis MAPK14, IFNG, IL1A, IL1B, IL4, IL10, JUN, MYD88, NFKB1, NFKBIA, NOS2, PRKCB, MAPK1, MAPK3, 
PTGS2, PTPN6, RELA, STAT1, TLR4, TNF, NCF1

Table 1 (continued)
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filter the key targets by plotting the Venn diagram using 
RStudio 4.1.6 and the “VennDiagram” package (Figure 6).  
The top 20 genes were screened using cytoHubba (MCC, 
Degree, EPC, Closeness, and Radiality), following which 
the intersection was taken. A total of 13 key targets were 
finally obtained (Figure 6), which were ranked sequentially 
in MCC descending order (Table 3), as follows: IL6, AKT1, 

STAT3, JUN, IL-1β, PTGS2, CXCL8, CASP3, MMP9, 
MAPK3, TLR4, CCL2, and VEGFA. Extraction of the above 
13 key targets from the PPI network created a subset to 
further construct the PPI core network (Figure 7), which 
contained 13 nodes and 78 edges. The network followed the 
MCC descending order from red to yellow gradient, with 
red indicating a higher ranking in the MCC. The top rank 

Table 1 (continued)

ID Pathway Gene

hsa05142 Chagas disease AKT1, CASP8, MAPK14, IFNG, IL1B, IL2, IL6, CXCL8, IL10, JUN, MYD88, NFKB1, NFKBIA, NOS2, 
SERPINE1, MAPK1, MAPK3, MAPK8, MAPK9, RELA, CCL2, TLR4, TNF

hsa05167 Kaposi sarcoma-
associated 
herpesvirus 
infection

AKT1, BAX, CCND1, CASP3, CASP8, CASP9, CDKN1A, MAPK14, FGF2, HIF1A, ICAM1, IL6, CXCL8, 
JUN, NFKB1, NFKBIA, MAPK1, MAPK3, MAPK8, MAPK9, PTGS2, RAF1, RB1, RELA, STAT1, STAT3, 
TP53, VEGFA

hsa04625 C-type lectin 
receptor signaling 
pathway

AKT1, CASP1, CASP8, MAPK14, IL1B, IL2, IL6, IL10, IRF1, JUN, MDM2, NFKB1, NFKBIA, MAPK1, 
MAPK3, MAPK8, MAPK9, PTGS2, RAF1, RELA, STAT1, TNF

hsa05219 Bladder cancer CCND1, CDKN1A, EGF, EGFR, ERBB2, CXCL8, MDM2, MMP1, MMP2, MMP9, MAPK1, MAPK3, RAF1, 
RB1, TP53, VEGFA

hsa05164 Influenza A AKT1, BAX, CASP1, CASP3, CASP8, CASP9, ICAM1, IFNG, IL1A, IL1B, IL6, CXCL8, CXCL10, MYD88, 
NFKB1, NFKBIA, PRKCA, PRKCB, MAPK1, MAPK3, RAF1, RELA, CCL2, STAT1, TLR4, TNF

hsa01522 Endocrine 
resistance

AKT1, BAX, CCND1, BCL2, CDKN1A, MAPK14, EGFR, ERBB2, ESR1, ESR2, JUN, MDM2, MMP2, MMP9, 
MAPK1, MAPK3, MAPK8, MAPK9, RAF1, RB1, TP53

KEGG, Kyoto Encyclopedia of Genes and Genomes; AGE-RAGE, advanced glycation end products/receptor for advanced 
glycation end products.

A B

Figure 5 PPI network of STDP and MVA. (A) String; (B) Cytoscape 3.9.1. TNF, tumor necrosis factor; PPI, protein-protein interaction; 
STDP, Shexiang Tongxin dropping pill; MVA, microvascular angina. 



Chang et al. Shexiang Tongxin dropping pill against microvascular anginaPage 10 of 20

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(18):983 | https://dx.doi.org/10.21037/atm-22-3976

was for IL-6, whereas the bottom rank was for VEGFA.

Molecular docking

The top 5 targets  in the PPI core network were 
subjected to molecular docking. In addition, our previous 
study showed that TLR4 was closely associated with 
CMD (33); hence, molecular docking of TLR4 was 
performed in further studies. The more stable the 
binding conformation, the lower the binding energy 
required, with a binding energy of ≤−4.25 kcal/mol  
imply ing  weak  b inding  ac t iv i ty,  ≤−5.0  kca l /mol  
indicating excellent binding activity, and ≤−7.0 kcal/mol  
indicating strong binding activity (34). Molecular docking 
of IL6, AKT1, STAT3, JUN, IL-1β, and TLR4 and their 
corresponding compounds was performed, and the results are 
presented in Table 4. Subsequently, 3D docking schematics of 
the docking results were drawn using PYMOL 2.4.0.

Interaction analysis of the active ingredients with the IL6 
receptor

T h e  m o l e c u l a r  d o c k i n g  r e s u l t s  o f  l u t e o l i n , 
dihydrotanshinone I, cryptotanshinone, tanshinone IIA, 
and quercetin with the IL6 receptor revealed a strong 
binding ability of these five compounds to the IL6 
receptor. The nucleophilic capacity was tanshinone IIA 
> cryptotanshinone > luteolin, dihydrotanshinone I, and 
quercetin. The potential binding sites were mainly LYS-66, 
GLN-156, ASP-34, GLN-175, ARG-179, ARG-30, ASN-
63, and TYR-97. All five compounds were able to form 
at least one hydrogen bond with the amino acids, and the 
hydrogen bond distances were relatively short, averaging 
2.4 Å (Figure 8). Particularly, luteolin formed four hydrogen 
bonds with the active residues of the IL6 receptor, which 
is greater than those formed by the other four compounds, 
thereby indicating that this compound binds more strongly 

Table 2 Top 20 genes of cytoHubba (MCC, degree, EPC, closeness, radiality) screening

Rank MCC Degree EPC Closeness Radiality

1 TNF CCL2 AKT1 TNF TNF

2 IL6 IL6 VEGFA IL6 IL6

3 AKT1 AKT1 CASP3 AKT1 AKT1

4 STAT3 IL1β IL1β IL1β IL1β

5 JUN VEGFA TNF VEGFA VEGFA

6 IL1β TP53 IL6 TP53 TP53

7 PTGS2 MAPK3 MMP9 MAPK3 MAPK3

8 CXCL8 STAT3 STAT3 STAT3 STAT3

9 CASP3 JUN EGFR JUN JUN

10 MMP9 EGFR MAPK3 EGFR EGFR

11 IL10 CASP3 JUN CASP3 CASP3

12 MAPK3 MMP9 TP53 MMP9 PPARG

13 TLR4 PPARG PTGS2 PPARG MMP9

14 CCL2 PTGS2 EGF PTGS2 PTGS2

15 IL4 EGF TLR4 EGF EGF

16 IFNG HIF1A PPARG HIF1A HIF1A

17 ICAM1 CCL2 CXCL8 CCL2 CCL2

18 VEGFA CXCL8 CCL2 CXCL8 ESR1

19 VCAM1 ESR1 HIF1A ESR1 CXCL8

20 IL1A TLR4 IL10 TLR4 TLR4

MCC, maximal clique centrality; EPC, edge-percolated component.
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Figure 6 Screening the top 20 genes by cytoHubba and taking the 
intersection. (A) MCC; (B) degree; (C) EPC; (D) closeness; (E) 
radiality. MCC, maximal clique centrality; EPC, edge-percolated 
component.
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Table 3 Information on the 13 key targets

Entrez ID Target Description

3569 IL-6 Interleukin-6

207 AKT1 RAC-alpha serine/threonine-protein kinase

6774 STAT3 Signal transducer and activator of transcription 3

3725 JUN Transcription factor Jun

3553 IL-1β Interleukin-1 beta

5743 PTGS2 Prostaglandin G/H synthase 2

3576 CXCL8 Interleukin-8 

836 CASP3 Caspase-3

4318 MMP9 Matrix metalloproteinase-9

5595 MAPK3 Mitogen-activated protein kinase 3

7099 TLR4 Toll-like receptor 4

6347 CCL2 C-C motif chemokine 2

7422 VEGFA Vascular endothelial growth factor A

IL, interleukin; AKT1, RAC-alpha serine/threonine-protein kinase; STAT3, signal transducer and activator of transcription 3; 
JUN, transcription factor Jun; PTGS2, prostaglandin G/H synthase 2; CXCL8, interleukin-8; CASP3, caspase-3; MMP9, matrix 
metalloproteinase-9; MAPK3, mitogen-activated protein kinase 3; TLR4, Toll-like receptor 4; CCL2, C-C motif chemokine 2; VEGFA, 
vascular endothelial growth factor A.

to the protein binding pocket (Figure 8C). 

Interaction analysis of the active ingredients with the 
AKT1 receptor

The docking results of luteolin, kaempferol, and quercetin 
with AKT1 indicated the strong binding ability of the three 
compounds with the receptor. The nucleophilic capacity was 
luteolin > kaempferol > quercetin. The potential binding 
sites were chiefly ASN-53, ASN-204, SER-205, THR-291, 
and THR-211. All three compounds formed at least one 
hydrogen bond with the amino acids, and the hydrogen bond 
distances were relatively short, averaging 2.4 Å (Figure 9). 
Additionally, the results showed that ASN-204, SER-205, 
and THR-291 were the common sites for kaempferol and 
luteolin, which alluded that these two compounds exhibit 
high similarities and similar binding energies (Figure 9B,9C).

Interaction analysis of the active ingredients with the 
STAT3 receptor

The docking results of cryptotanshinone, ginsenoside Rg7, 



Chang et al. Shexiang Tongxin dropping pill against microvascular anginaPage 12 of 20

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(18):983 | https://dx.doi.org/10.21037/atm-22-3976

and ginsenoside-F2 with the STAT3 receptor demonstrated 
the strong binding ability of the three compounds with the 
receptor. The nucleophilic capacity was cryptotanshinone, 
ginsenoside Rg7 > ginsenoside-F2. The potential binding 
sites were mainly ARG-215, ARG-325, GLY-253, ASP-334, 
PRO-333, GLU-407, LYS-409, SER-2, SER-85, TYR-82,  
and GLY-295. All three compounds formed multiple 
hydrogen bonds with the amino acids, and the hydrogen 
bond distances were short, averaging 2.4 Å (Figure 10). 
The results signified that ginsenoside Rg7 formed eight 
hydrogen bonds with the active residues of the STAT3 
receptor, which is higher than those formed by the other 
two compounds, thereby suggesting that this compound 
binds more strongly to the protein pocket (Figure 10B). 

Interaction analysis of the active ingredients with the JUN 
receptor

The docking results of cryptotanshinone, dihydrotanshinone 
I, and tanshinone IIA with the JUN receptor indicated the 

strong binding ability of the three compounds with the 
receptor. The nucleophilic capacity was dihydrotanshinone I 
> cryptotanshinone > tanshinone IIA. The potential binding 
sites were mainly DC-210, DC-310, ARG-270, DA-309, 
and DG-208. DC-310 was the common binding site of 
these three compounds to the JUN receptor, thus implying 
a high similarity among them. All three compounds formed 
multiple hydrogen bonds with the amino acids, and the 
bond distances were short, averaging 2.3 Å (Figure 11). 
The results showed that dihydrotanshinone I formed 
five hydrogen bonds with the active residues of the JUN 
receptor, which is higher than those formed by the other 
two compounds, suggesting that this compound binds more 
strongly to the protein pocket (Figure 11B).

Interaction analysis of the active ingredients with the IL-
1β receptor

The docking results of cryptotanshinone, dihydrotanshinone 
I, ginsenoside Rh2, quercetin, and tanshinone IIA with the 
IL-1β receptor revealed the strong binding ability of the five 
compounds with the receptor. The nucleophilic capacity 
was cryptotanshinone, tanshinone IIA > dihydrotanshinone 
I > ginsenoside Rh2 > quercetin. The potential binding 
sites were chiefly LYS-77, SER-125, LYS-77, ARG-11, 
GLN-39, GLU-37, GLU-4, ASN-7, and TYR-68. All 
five compounds formed at least one hydrogen bond with 
the amino acids, and the bond distances were relatively 
short, averaging 2.3 Å (Figure 12). The findings indicated 
that ginsenoside Rh2 formed five hydrogen bonds with 
the active residues of the IL-1β receptor, which is greater 
than those formed by the other two compounds, thereby 
signifying that this compound binds more strongly to the 
protein pocket (Figure 12C). 

Interaction analysis of the active ingredients with the 
TLR4 receptor

The docking results of cryptotanshinone, dihydrotanshinone 
I, and tanshinone IIA with the TLR4 receptor established 
the strong binding ability of the three compounds with the 
receptor. The nucleophilic capacity was cryptotanshinone 
> dihydrotanshinone I > tanshinone IIA. The potential 
binding sites were predominantly ASN-279, ASN-137,  
and TRP-275.  ASN-279 was  a  common s i te  for 
cryptotanshinone and dihydrotanshinone I, thus indicating 
the strong structural similarity between the two compounds 
(Figure 13A,13B). All three compounds formed at least 

CXCL8

MMP9

AKT1

IL6
MAPK3

PTGS2

JUNCCL2 IL1B CASP3

VEGFA

STAT3

TLR4

Figure 7 The PPI core network of the 13 key targets. PPI, 
protein-protein interaction. IL, interleukin; AKT1, RAC-alpha 
serine/threonine-protein kinase; STAT3, signal transducer and 
activator of transcription 3; JUN, transcription factor Jun; PTGS2, 
prostaglandin G/H synthase 2; CXCL8, interleukin-8; CASP3, 
caspase-3; MMP9, matrix metalloproteinase-9; MAPK3, mitogen-
activated protein kinase 3; TLR4, Toll-like receptor 4; CCL2, C-C 
motif chemokine 2; VEGFA, vascular endothelial growth factor A.
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Table 4 Molecular docking results between the core targets and correlated compounds

Target Entry PDB ID Molecular name Docking score (kcal/mol)

IL-6 P05231 1ALU Luteolin −7.1

Dihydrotanshinone I −7.1

Cryptotanshinone −7.2

Tanshinone IIA −7.5

Quercetin −7.1

AKT1 P31749 7NH5 Luteolin −10

Kaempferol −9.8

Quercetin −9.3

STAT3 P40763 6TLC Cryptotanshinone −7.8

Ginsenoside-F2 −6.8

Ginsenoside Rg7 −7.8

JUN P05412 1JUM Dihydrotanshinone I −8.7

Cryptotanshinone −8.6

Tanshinone IIA −8.2

IL-1β P01584 6Y8M Dihydrotanshinone I −7.5

Cryptotanshinone −7.7

Tanshinone IIA −7.7

Ginsenoside Rh2 −7.4

Quercetin −6.6

TLR4 O00206 2Z62 Dihydrotanshinone I −6.9

Cryptotanshinone −7

Tanshinone IIA −6.8

IL, interleukin; AKT1, RAC-alpha serine/threonine-protein kinase; STAT3, signal transducer and activator of transcription 3; JUN, 
transcription factor Jun; TLR4, Toll-like receptor 4.

one hydrogen bond with the amino acids, and the bond 
distances were relatively short, averaging 2.3 Å (Figure 13).

Discussion

Presently, CMD, which is a structural or functional 
abnormality of the coronary microcirculatory system, is 
considered the main mechanism resulting in MVA (35). 
Endothelial dysfunction, microcirculatory embolism, 
smooth muscle dysfunction, and autonomic dysfunction 
are the main mechanisms leading to microcirculatory 
disorders (36). These factors contribute to the occurrence 
of MVA as a result of each other. In this study, the potential 
mechanism of action of STDP against MVA was analyzed 

using modern bioinformatics tools. It was revealed that 
STDP possibly exerts its therapeutic effects via processes 
such as anti-inflammation, immunomodulation, lipid 
metabolism, promotion of smooth muscle cell proliferation 
and differentiation, and regulation of cellular autophagy.

In this study, the regulatory network of STDP against 
MVA was constructed, and the results showed that STDP 
treatment of MVA was multicomponent, multitargeted, and 
multilinked. Subsequently, GO and KEGG enrichment 
analyses were performed on the 138 targets at the 
intersection of STDP and MVA. The results of GO 
enrichment analysis suggested that STDP could be engaged 
in the regulation of response to lipopolysaccharides, 
response to molecules of bacterial origin, wound healing, 
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Figure 8 Molecular docking pattern of the active ingredients to the IL-6 receptor. (A) Cryptotanshinone; (B) dihydrotanshinone I; (C) 
luteolin; (D) quercetin; (E) tanshinone IIA. IL, interleukin.

B

E

CA

D

Figure 9 Molecular docking pattern of the active ingredients to the AKT1 receptor. (A) Kaempferol; (B) luteolin; (C) quercetin. AKT1, 
RAC-alpha serine/threonine-protein kinase.

B CA



Annals of Translational Medicine, Vol 10, No 18 September 2022 Page 15 of 20

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(18):983 | https://dx.doi.org/10.21037/atm-22-3976

Figure 10 Molecular docking pattern of the active ingredients to the STAT3 receptor. (A) Cryptotanshinone; (B) ginsenoside Rg7; (C) 
ginsenoside-F2. STAT3, signal transducer and activator of transcription 3.

B CA

Figure 11 Molecular docking pattern of the active ingredients to the JUN receptor. (A) Cryptotanshinone; (B) dihydrotanshinone I; (C) 
tanshinone IIA. JUN, transcription factor Jun.

B CA

response to oxidative stress, aging, muscle cell proliferation, 
and negative regulation of apoptotic signaling pathway 
against MVA. Additionally, STDP could affect the 
expression of genes by interfering with signaling receptor 
activator activity, receptor-ligand activity, nuclear receptor 
activity, growth factor receptor binding, protein phosphatase 
binding, and MAP kinase activity. Largely, STDP prevents 
MVA by regulating the AGE-RAGE signaling pathway 
in diabetic complications, lipids and atherosclerosis, fluid 
shear stress and atherosclerosis, the TNF signaling pathway, 
the IL-17 signaling pathway, the HIF-1 signaling pathway, 
and the C-type lectin receptor signaling pathway. Notably, 
RAGE has an important biological role as a member of the 
innate immune system (37). As the AGE-RAGE signaling 

pathway is activated, it affects the cellular response to 
various stimuli and increases cell damage. These comprise 
a variety of pro-inflammatory pro-atherogenic mediators, 
including nuclear factor-kappaB (NF-κB) dependent 
mediators, IL-1α, IL-6, TNF-α, E-selectin, tissue factor 
and endothelin-1 (38). The AGE-RAGE signaling pathway 
is associated with vascular stiffness and atherosclerosis, 
as well as adversely affecting endothelial cell responses, 
vascular smooth muscle cells (VSMCs) function, and 
platelet activity (39). The interaction of these mechanisms 
can lead to CMDs and accelerate the development of 
MVA. Further, STDP could act against MVA by affecting 
the expression of genes and by attenuating endothelial cell 
injury, oxidative stress injury, smooth muscle dysfunction, 
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B

E

CA

D

Figure 12 Molecular docking pattern of the active ingredients to the IL-1β receptor. (A) Cryptotanshinone; (B) dihydrotanshinone I; (C) 
ginsenoside Rh2; (D) quercetin; (E) tanshinone IIA. IL, interleukin.

Figure 13 Molecular docking pattern of the active ingredients to the TLR4 receptor. (A) Cryptotanshinone; (B) dihydrotanshinone I; (C) 
tanshinone IIA. TLR4, Toll-like receptor 4. 

B CA
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coronary microvascular embolism, and inflammatory injury, 
as shown by the GO and KEGG enrichment analyses. 

We performed PPI analys is  of  the 138 targets 
intersected by STDP against MVA, and the core targets 
were further obtained using the plug-in cytoHubba. 
The results indicated that IL6, AKT1, STAT3, JUN, IL-
1β, PTGS2, CXCL8, CASP3, MMP9, MAPK3, TLR4, 
CCL2, and VEGFA play critical roles in the PPI network. 
The IL-6/JAK/STAT3 signaling pathway is closely linked 
to the inflammatory response (40). STAT3 acts broadly 
and regulates the expression of over 1,000 gene products. 
In general, regardless of its subcellular localization, the 
regulation of autophagy is mainly characterized by the 
promotion of survival (41). TLR4 is recognized by ligands, 
such as lipopolysaccharides, to produce inflammatory 
chemokines and proinflammatory factors that induce 
inflammatory responses and modulate natural immunity (42).  
A study by Su et al. (43) showed that the inhibition of the 
TLR4/MyD88/NF-κB signaling pathway was effective in 
ameliorating CME-induced myocardial injury chiefly by 
reducing myocardial inflammatory injury. In addition, total 
tanshinone, the main active component of STDP, inhibited 
the expression of lipopolysaccharide-induced inflammatory 
factors, such as iNOS, COX-2, TNF-α ,  IL-6, and  
IL-1β (14). Furthermore, the expression of human coronary 
artery smooth muscle cell-derived inflammatory mediators, 
such as CCL2, CXCL8, IL6, and IL-1β, can be suppressed 
by cardiac protein-associated transcription factors (44). 
The c-Jun protein is encoded by the gene JUN. The c-Jun 
constitutes the activator protein 1 (AP-1) early response 
transcription factor in the form of a dimeric complex and 
regulates gene expression and cellular function in response 
to various extracellular and intracellular stimuli (45). The 
JUN kinase delays Caspase-9 activation via interaction with 
apoptotic vesicles, thereby promoting cell survival during 
oxidative stress bursts (46). Vascular endothelial growth 
factor (VEGF) is a homodimeric vasoactive glycoprotein 
that plays a crucial role in angiogenesis. On the one hand, 
VEGFA promotes angiogenesis and increases the density 
of the microvasculature in the infarct area. On the other 
hand, it promotes angiogenesis while accelerating plaque 
growth and increasing plaque instability, thus leading 
to intraplaque hemorrhage and aggravating the local 
inflammatory response. Moreover, VEGFA plays a key 
role in wound healing, mechanical stress, and cytokine 
stimulation (47). According to a recent study, MMP9 might 
promote angiogenesis by inhibiting the secretion of vascular 

endothelial inhibitors via unknown mechanisms (48). 
Also named COX, PTGS is an enzyme that mediates the 
conversion of arachidonic acid to PGH2 (49). It has been 
shown that the expression of PTGS2 is positively correlated 
with the severity of atherosclerotic lesions (50).

The results of molecular docking showed that some 
key compounds of STDP are capable of binding well 
with the corresponding target proteins. The findings 
revealed that the core target IL-6 receptor demonstrated 
the strongest binding affinity to tanshinone IIA and that 
the AKT1 receptor had the strongest affinity to luteolin. 
STAT3 receptor was close to the binding energy of 
cryptotanshinone and ginsenoside Rg7, and JUN showed 
the strongest binding energy to dihydrotanshinone I. 
The binding energies of IL-1β to cryptotanshinone and 
tanshinone IIA were close, and TLR4 presented the 
strongest binding affinity to cryptotanshinone. All these 
compounds contained several hydrogen bond acceptor 
donors, which aided them in forming more stable hydrogen 
bonds with the target protein receptors. This, in turn, 
enabled the small molecule compound ligands to bind stably 
to the active site of the corresponding protein. In addition, 
hydrophobic interactions and van der Waals forces were 
present between the compound ligands and the protein 
active residues, and conjugated structures were formed. 
These forces can effectively immobilize the small molecules 
in the active center, thus enhancing the stability of the 
compound in the active pocket of the protein.

The results of our research imply that STDP exhibits 
multicomponent, multitargeted, multi-pathway, and 
multilinked regulatory characteristics against MVA. The 
therapeutic effects of STDP may be exerted via processes 
such as anti-inflammation, promotion of smooth muscle 
cell proliferation and differentiation, lipid metabolism, 
immunomodulation, and regulation of cellular autophagy.

These potential targets and pathways predicted by 
network pharmacology tools and bioinformatic techniques 
need to be confirmed by further experimental evidence 
due to the limitations of network pharmacology. Although 
STDP has been widely used in the cardiovascular system, 
its underlying mechanisms need to be further validated 
experimentally. Furthermore, based on the advantages of 
STDP as a TCM, research should not be limited to single 
system related diseases. In the future, studies on STDP 
should be used for the treatment of multiple systemic 
diseases, as well as to verify its potential mechanisms 
through experiments.
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