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Abstract
Background: Angina pectoris is a kind of cardiovascular disease, which is caused by epicardial stenosis,
microvascular dysfunction, dynamic stenosis area contraction or more comprehensive factors, eventually
leading to Coronary artery disease. Rhodiola wallichiana var. cholaensis, which is one of the most wellknown Traditional Chinese Medicine, is widely used to treat angina pectoris. However, the possible
underlying mechanisms remain to be elucidated.
Methods: In this study, systematic and comprehensive network pharmacology and molecular docking
were utilized for the first time to reveal the potential pharmacological mechanisms of RW on AP. Firstly,
the relative compounds were obtained by mining literature and potential targets of these compounds by
target predicting were collected. Then, We built the AP target database using the DigSee and GeneCards
Database. Based on the data, GO and KEGG pathway enrichment analysis, protein-protein interaction
(PPI) analysis were performed and screen the hub targets by topology. Furthermore, evaluation of the
binding potential of key targets and compounds through molecular docking.
Results: The results indicate that 218 known RW therapeutic targets were selected. By systematic
analysis, identified 9 hub targets (VEGFA, GAPDH, TP53, AKT1, CASP3, STAT3, TNF, MAPK1 and JUN)
mainly involved in the complex treating effects associated with the protection of vascular endothelium,
as well as the regulation of glucose metabolism, cellular processes, inflammatory responses, and cellular
signal transduction.
Conclusion: The results of this study preliminarily explain the potential targets and signaling pathways of
RW in AP therapy and lay a good foundation for further experimental studies and clinical trials.

Background
Angina pectoris (AP) is a kind of cardiovascular disease, which is caused by epicardial stenosis,
microvascular dysfunction, dynamic stenosis area contraction or more comprehensive factors, eventually
leading to Coronary artery disease (CAD)[1]. It is well known that myocardial ischemia is a typical
symptom of AP. Therefore, conventional medicines for the treatment of AP, such as nitrates, beta-blockers,
calcium antagonists, aspirin, and ACE inhibitors, are mainly used to alleviate the symptoms of
myocardial ischemic and then improve AP prognosis. However, all the drugs mentioned above may cause
some adverse reactions. For example, misuse of nitrates usually increase the risk of drug resistance and
a rebound of symptoms, which could lead to serious adverse reactions such as headaches and
flushing[2].
Traditional Chinese Medicine (TCM) is an integrated medical system with multi-components and multitargets, which has thousands of years history. It has potential application value in clinical practice in
China[3]. The Rhodiola wallichiana var. cholaensis (RW) is a common species of the genus Rhodiola
which is one of the most popular medicinal plants in Asia[4]. Generally, RW has widely been used for the
treatment of cardiovascular diseases, diarrhea, hysteria, hernias, headaches as well as cognitive
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dysfunction[5]. It has also been reported that RW possesses a beneficial effect on kidney stones,
swellings, back pain, as well as mood disorders[6, 7]. Additionally, RW possesses a wide range of
pharmacological activities such as antiaging, anti-oxidative, anti-inflammatory, anti-cancer, anti-fatigue
and neuroprotective effects [8], contributing to the presence of various phytochemicals such as phenols
and flavonoids[9–13]. For example, Phenylethanoid derivatives such as Salidroside, Rosavins, Rosin, and
P-tyrosol are responsible for the treatment of depression, fatigue, and cognitive dysfunction[5]. However,
due to the multi-compound system of Traditional Chinese Medicine (TCM), the material basis and
molecular mechanisms involved in RW remain unclear. Therefore, the development of modern and
technologic approaches are urgently needed for the analysis of the action mechanisms of RW in the
treatment of various diseases.
Network pharmacology is a new research method integrating pharmacodynamics, pharmacokinetics and
network analysis in recent years, which mainly elucidates the possible mechanism of TCM prescription in
the treatment of various diseases from the perspective of proteomics systems[14–16].In particular, it has
been a novel research strategy to expound the interaction relationship of TCM in multi-component and
multi-target, as well as to study the mechanism of multi-target compounds affecting the biological
network of TCM[17–19]. Hence, in this study, network pharmacology strategies, including drug similarity
assessment, oral bioavailability prediction, multiple drug target prediction, and other network
pharmacology techniques were used to study the potential role of RW against unstable AP mechanisms.
The gene target network of RW was analyzed through network pharmacology, starting with the
identification of active substances and key target genes whose expression is altered in AP and whose
protein products are predicted to interact with active compounds in RW.The flow diagram of the
pharmacological mechanism of RW treating AP is shown in Fig.1.

Results

Targets Screening of RW and AP
A total of 83 chemical ingredients were obtained from the RW according to related literature studies. After
eliminating redundancy, there were 26 chemical ingredients (Table 1) and 671 corresponding targets of
RW were acquired, as well as 1297 therapeutic targets for AP were obtained used by GeneCards database
and DigSee database (Fig. 2B). Then the ultimate gene targets of RW acting on AP were obtained through
mapping these targets to the components of the disease targets. As shown in Fig. 2C, 218 target genes
corresponding RW candidate compounds of AP were gained for further research.

Network Construction and Result Analysis
It is well known that TCM works primarily through synergy between compounds and their targets. To
elucidate the potential mechanism of this synergistic effect of RW on AP, it is necessary to understand the
effect of each component in RW on its target protein. By analyzing the network of compounds and
putative targets in the RW, as shown in Fig. 2A, our study shows that the network consists of 1754 edges
and 697 nodes, of which 26 are component nodes and 671 are target nodes. There is no doubt that target
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genes with high degree and mediated centrality are most important in the antianginal role of RW in the
network.

Construction and Analysis of PPI Network
To further investigate the potential mechanism of action of RW processing of APs, we submitted target
genes acting on the corresponding components to the string database, constructed the following PPI
network, and then screened highly reliable target protein interaction data with scoring > 0.7. As individual
proteins are unlikely to perform specific functions, proteins often interact to form large molecular
complexes to perform their biological functions. At the same time, exploring and constructing PPI
networks is an important aspect of understanding cell biological processes and biological functions. As
shown in Fig. 3, the obtained PPI network files were imported into Cytoscape software, and after
adjusting the parameters, 70 key genes were selected according to their extent, which are associated with
various pathogenic processes of AP.

GO Functional Analysis
The DAVID panel analyzed a total of 70 potential genes associated with AP. We performed GO analysis
on the 70 targets to explore their general functions. As shown in Fig. 4 (A-C), the results of GO analysis
showed that RW acted on key predicted targets of AP, and 20 GO items were enriched with higher
enrichment targets and lower p-values. Our results show that these predicted targets are mainly involved
in the positive regulation of cell signaling, protein autophosphorylation and cell proliferation, suggesting
that RW may regulate the biological function of AP through these pathways, thus playing a key role in
antianginal pain.

Kyoto Encyclopedia of Genes and Genomes (KEGG)
Signaling Pathway Analysis
To identify the relevant signaling pathways involved in the antianginal effect of RW, DAVID analysis was
performed. A total of 34 KEGG signaling pathways was obtained, and 27 pathways were associated with
AP. To show the results of the signaling pathways intuitively and explicitly, a bubble diagram was utilized
(Fig. 4D). The bubble scale represents the number of genes; the depth of bubble color represents P-value.
The change of color from green to red represents the P-value from low to high, and the size of the nodes
indicates how many target genes are associated.
The KEGG analysis results indicated that the multiple channels and mechanisms of action of RW against
AP.
The top 20 pathways with lower P values and more genes enrichment are listed in (Fig. 4D), including
PI3K-Akt signaling pathway, HIF-1 signaling pathway, Ras signaling pathway, thyroid hormone signaling
pathway, and Toll-like receptor signaling pathway being enriched. These signaling pathways are closely
related to the anti-AP effects of RW. To elucidate their interactions, we established a graphical network
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containing the main chemicals-targets-signaling pathway of RW (Fig. 5). The HIF-1 signaling pathway
(hsa04066) with the smaller p-value will be analyzed as an important pathway (Fig. 6).

Molecular docking simulation
In this paper, nine potential targets with thirteen corresponding compounds were simulated by molecular
docking, and the docking results were analyzed. Analysis shows higher-affinity results for compound and
hub targets (Table 2). Using PyMOL software, these 13 compounds were observed to enter the active
pocket of the protein. Taking the HJT8 (Salidroside) as an example for analysis. (Fig. 7) Salidroside small
molecule forms 4 hydrogen bonds with Lys52, Asn152, Ser151 and Met106 residues and higher-affinity
(Affinity= -7.5 kcal/mol) with MAPK1.

Discussion
TCM is a complex, multi-component, multi-target hybrid system that has long been used for the
prevention and treatment of various cardiovascular diseases (CVDs)[20–22]. RW can effectively treat AP,
but its pharmacological mechanism of action is still unclear. Therefore, in this study, we used a
pharmacological network approach to identify the bioactive compounds, potential targets, and pathways
regulated by these compounds for RW treatment of AP.
Nine potential hub targets were identified based on selection and network topology analysis, including
VEGFA, GAPDH, TP53, AKT1, CASP3, STAT3, TNF, MAPK1 and Jun. Numerous studies have shown that
these targets above mentioned mainly involved in the protection of vascular endothelium, as well as the
regulation of glucose metabolism, cellular processes, inflammatory responses, and cellular signal
transduction. VEGF, a strong pro-angiogenesis cytokine, is secreted by vascular endothelial cells, which
could increase the permeability of microvessels and venules, promote angiogenesis, thus improving
myocardial hypoxia and relieving AP pectoris[23–25]. Recent studies have demonstrated that the
inflammatory response is related to the occurrence of cardiovascular diseases such as coronary heart
disease and AP, which may cause local endothelial activation, atherosclerotic plaque rupture, and then
thrombosis form or rupture, leading to AP and myocardial infarction[26]. It is well-known that TNF-a,
usually appearing in the early stage of inflammatory response, plays an important role in cell function
regulation, immunity and inflammatory response, which could regulate atherosclerotic plaques and
coronary heart disease by affecting vascular endothelial function and vascular remodeling[27]. Biasucci
et al., Huang et al. studies have shown that proinflammatory cytokines were significantly increased
in patients with AP compared to healthy individuals. However, it is important to note that this
increased inflammatory activity may be related to the pathogenesis of AP. For example, TNF-α may
increase the expression of monocyte/macrophage tissue factors, as well as cell apoptosis by improving
thrombotic activity, leading to the increase of matrix metalloproteinases in atherosclerotic plaques[28–
32]. AKT1 is an important protein in the PI3K pathway, which could regulate cell apoptosis,
proliferation and antioxidant[33, 34]. Han et al.[35] demonstrated that hypericin can reduce the
inflammatory response by activating phosphorylated AKT and reducing TNF-α and IL-6 activity, thus
alleviating myocardial ischemia-reperfusion injury. The p53 gene is an important apoptosis-related gene,
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divided into two types: wild type (wp53) and mutant type (mp53). The mutant p53 gene can promote cell
growth and participate in the occurrence of various tumors. The main function of the wild-type p53 gene
is to participate in the negative regulation of cell growth, limiting cell growth and division. In recent years,
studies have found that the p53 gene is not only related to the occurrence and development of many
tumors but also participates in the occurrence of apoptosis in the cardiovascular system[36–38]. c-JUN
is the heterodimer form of activating protein 1 (AP-1). Previous studies have demonstrated that cJUN can induce the production of adhesion factors in endothelial cells, increase the expression of
chemokines and the formation of foam cells, thus promoting the formation and development of
atherosclerosis[39]. MAPK1 belongs to the Ser-Thr kinase protein family and has been previously reported
in different features of cardiac modeling and regulation of inflammation, cell proliferation and
differentiation[40, 41]. The high activity of Erk1/2 has been observed in T-lymphocytes from CAD patients,
including ST-elevation myocardial infarction (STEMI), Non-STEMI and unstable AP[42]. A previous study
demonstrated the EGFR-mediated cross-talk between MAPK and Akt1 signaling, which combined had an
important role in abnormal vascular remodeling[43]. STAT3 is a latent transcription factor, initially
identified as a cytokine signaling transductor[44],and is involved in a variety of biological processes such
as cell proliferation[45], differentiation[46], and survival[47].
To understand the potential biological mechanism of RW against AP, GO and KEGG functional
enrichment analysis of DAVID and KEGG were applied. Through the KEGG pathway analysis (p-value <
0.05), we recognized 21 AP-related signaling pathways, HIF-1, PI3K-Akt, MAPK, FoXO, TNF, Ras and tolllike receptor signaling pathway and so on. Accordingly, these pathways may be involved in the progress
of AP. Based on P-value, we choose HIF-1 signaling pathway as most candidate signals for further study.
HIF is a transcriptional complex that responds to changes in oxygen and provides a master regulator for
cells to coordinate changes in gene transcription. HIF acts on all mammalian cell types and is ancient
during evolution. At the molecular level, the HIF complex contains an alpha subunit and a beta subunit,
both of which can be selected from several options. HIF-β subunits are composed and also participate in
heterogeneous reactions. The alpha subunit is regulated and is unique to hypoxic reactions. Under
hypoxic conditions, HIF-1α is induced and highly expressed, transferring from the cytoplasm to the
nucleus and initiating downstream gene expression, such as erythropoietin and VEGF. HIF-1α could
increase myocardial glucose intake and transportation to continuously provide the compensatory energy
supply by regulating myocardial GLUT4 and PKM2 gene expression[48]. HIF-1α also facilitates the
activation of PDK1 and PDK4 as well as UCP2 to enhance mitochondrial oxidative phosphorylation[49].
Moreover, NRF1 and TFAM play distinct roles in mitochondrial biogenesis[50] and the upregulation of
NRF1 and TFAM promotes mitochondrial DNA synthesis in infarcted cardiac muscle[51]. Therefore, HIF-1
signaling pathway is activated in cardiomyocytes to produce continuous ATP in adaption to hypoxia, by
shifting myocardial metabolism substrate to glucose intake and transportation[52].
In this study, GO enrichment analysis was adopted. The targets were connected with regulation of protein
phosphorylation, nitric oxide biosynthetic, cell membrane region, platelet alpha granule, protein kinase
and protein phosphatase et al. Therefore, the results suggest that RW treats AP by participating in these
BP, CC and MF.
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Molecular docking simulation analysis provides a visual interpretation of the interactions between key
compounds and potential protein targets. For example, the Salidroside small molecule forms 4 hydrogen
bonds primarily with Lys52, Asn152, Ser151 and Met106 residues on MAPK1. Salidroside has various
pharmacological activities such as anti-fatigue, anti-oxidation, immune regulation and free radical
scavenging. In recent years, in vivo and in vitro experiments have proved that the compound has positive
effects on anti-cancer, anti-inflammatory, anti-oxidation, neuroprotection, myocardial protection, liver
protection, kidney protection. It has extremely important application value in military, aerospace, sports
and health medicine[53–56]. In addition, it is reported that salidroside can inhibit the release of LDH, CK
and AST of human cardiomyocytes by increasing the expression of HIF-1α, increase the content of SOD,
and at the same time increase the activity of human cardiomyocytes and reduce the death and apoptosis
of cells[57]. Taken together, we speculate that the major components of RW may play an important role in
the treatment of AP through hub targets in these top signaling pathways. However, there are some
limitations to our study. For example, these results are only based on screening of known RW chemical
components, associated targets and signaling pathways from the literature and existing databases.
Therefore, more in-depth studies are needed to characterize the underlying mechanisms.

Conclusion
The 26 components of RW and the presumed known therapeutic targets were collected by network
pharmacology and molecular docking virtual computational methods to explore the potential mechanism
of RW for AP treatment. As a result of the GO and KEGG pathway enrichment analysis, we found that
these central targets improve angina by being involved in protecting vascular endothelium, regulating
glucose metabolism, modulating cellular processes, modulating inflammatory responses, and
participating in cell signaling. In summary, the results of this study initially predicted the potential
mechanisms associated with RW against AP and demonstrated the characteristics of multi-target
synergy. However, in future studies, animal experiments, molecular biology experiments and clinical
studies are still needed to verify the mechanism of RW's effect on AP.

Methods

Chemical Ingredients Database Building
A total of 83 RW compounds were collected through literature mining. then their biomolecular activities
were viewed using the PubChem database (https://pubchem.ncbi.nlm.nih.gov)[58]. Finally, the standard
simplified molecular-input Standard Delay Format (SDF) and structural information of 42 compounds
were obtained, including salidroside, tyrosol, quercetin and so on[59–61].

Screening of Active Compounds of RW
Based on the Swiss ADME ( http://www.swissadme.ch ) platform to predict the relevant parameters of
the absorption and drug-like properties of candidate compounds, upload the SDF format file under the
item " Chemical Ingredients Database Building" to the Swiss ADME platform. First, set the gastrointestinal
Page 7/20

absorption as "High" results as the conditions under which the drug can be absorbed, used to screen for
active compounds with good oral bioavailability; second, set 5 types of drug predictability (Lipinski,
Ghose, Veber, Egan, Muegge) and there are 3 or more compounds that are "Yes" in the results, which can
be used as active compounds.

Active compound target prediction
Import the SDF format file into the Swiss Target Prediction (http://www.Swisstargetprediction.ch/) and
PharmMapper (http://www.lilab-ecust.cn/pharmmapper/) platform, set the property to "Homo sapiens",
collect all the predicted targets, and de-weight the targets.

The Prediction of Known Therapeutic Targets
Genes associated with AP were collected and screened from the GeneCards database
(http://www.genecards.org/), and DigSee database (http://210.107.182.61/geneSearch/). We searched
GeneCards and DigSee using the keywords “angina pectoris” with the species limited as “Homo sapiens”.
Then the top 1000 target genes were selected from the GeneCards database, and 541 targets were gained
from the DigSee database. Finally, 1297 genes were collected when removing duplicates. To obtain the
potential target genes of RW that played a major role in AP, the AP-related genes were compared with
potential gene targets of active components.

Network Construction
A network analysis was performed to scientifically explain the complex relationship between AP-related
compounds and targets. Subsequently, based on the protein-protein interactions (PPI), we linked the
putative targets of RW, the AP-related targets, and interactional proteins together. Then, to illustrate the
relationship between the possible targets of RW and known targets of AP, the drug-compound-targetdisease network was constructed and visualized using the Cytoscape software (version 3.7.2, Boston,
MA, USA). The PPI network of interaction between RW and AP was obtained via string software
(http://string-db.org/cgi/input.pl), which the limiting conditions were “Homo sapiens” and a confidence
score ≥ 0.4, and the results were saved in TSV format and imported into the Cytoscape software to
visualize and analyze the interaction network. We use the generated style from the statistics tool in
Cytoscape to set the node size and color settings to reflect the size of the degree, and the thickness of the
edge to reflect the size of the comprehensive score, to obtain the final protein interaction network. Degree
refers to the number of links to node I, usually used to describe the topological importance of proteins in
the network. Therefore, we use cytoHubba to select the central gene with the degree value as the tangent
point to analyze the pharmacological effects of key targets.

GO and KEGG pathway enrichment
GO and KEGG pathway enrichment analysis were executed on the candidate targets using DAVID 6.8. GO
gene enrichment analysis included three aspects: biological processes (BP), molecular functions (MF),
and cell components (CC). With P ≤ 0.05 as the truncated value, the results were calculated by bilateral
hypergeometric tests, including the identification of the enriched GO terms and the localization of the
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biological and molecular functions of these proteins. Finally, the bubble chart was plotted using the
ImageGP platform (http://www.ehbio.com/ImageGP/index.php/Home/Index/index.html).

Molecular docking simulation
Core targets were obtained from the PPI network for molecular docking. Initially, we used AutoDockTools
1.5.6 to set the number of rotatable bonds for the 12 small molecule compounds. Subsequently, protein
conformations were collected in the Protein Database (PDB, https://www.rcsb.org/). The screening
conditions were set as follows: (1) the protein structure was obtained by x-crystal diffraction; (2) the
organism comes from Homo sapiens; (3) Association action models were constructed by STRING and
PDB database. Based on the above conditions, a total of 11 core target protein PDB IDs were
collected.Meanwhile, PyMOL 2.7 (https://pymol.org/2/) and AutoDockTools were applied to add
hydrogen and charge in addition to water molecules and pre-ligand small molecules. Finally, molecular
docking calculations were performed using AutoDock Vina 1.1.2. The docking results were visualized
using PyMOL and LigPlot+ software.
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Due to technical limitations, tables are only available as a download in the Supplemental Files section.
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Figure 1
The pharmacological research flow chart of rhodiola in the treatment of angina pectoris (AP).
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Figure 2
Analysis of the active compounds of RW and putative RW-angine. (A) Compound-predicted target
network of RW. The green hexagon and red diamond represent RW compounds and RW targets. (B)
Angina target network plotting. The green diamond and red circle represent disease and AP-targets. (C)
Compound-RW/angina putative therapeutic target VennDiagram plot. The size of the nodes is directly
proportional to the degree of the nodes. (The software of Cytoscape 3.7.2 was used to generate the
figure).
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Figure 3
Identification of a core PPI network for RW against angina. (A) The interactive PPI network of baicalin
and ischemic stroke targets comprising 218 nodes and 4456 edges is shown. (B) PPI network of
significant proteins extracted from, this network comprises 70 nodes and 1689 edges.
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Figure 4
GO and KEGG Functional Annotation Analysis. (A) Enriched gene ontology terms for biological processes
of potential targets; (B) Enriched gene ontology terms for cellular components of potential targets; (C)
Enriched gene ontology terms for molecular functions of potential targets; (D) The enrichment analysis of
the KEGG signaling pathways.

Figure 5
Drug-key compounds-hub targets-pathways network. The green circle represents drug, blue hexagon
represents key compounds, red diamonds represent hub targets and purple arrow represents pathways.
(The software of Cytoscape 3.7.2 was used to generate the figure).
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Figure 6
Modulating HIF-1 signaling pathway of RW against angina. Hub targets were colored in red, targets of
RW- angina were colored in green.
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Figure 7
Analysis of target-compound(HJT8) docking simulation. (The software of PyMOL 2.7 and LigPlot+ 1.4.5
were used to generate the figure).
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