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Computational Modeling of Network Topology and Molecular 
Dynamics for the Assessment of Therapeutic Potential of the 
 Astragalus Membranaceus-Salvia Miltiorrhiza Drug Pair in 
the Treatment of Chronic Kidney and Heart Failure

Jiayou Liu,1 Jianguo Qin2*

Introduction. The bioactive components of Astragalus membranaceus 
and Salvia miltiorrhiza improved cardiac and renal function in chronic 
heart failure (CHF) and chronic kidney disease (CKD), respectively. 
However, the common regulating molecular mechanisms remain 
unclear. The aim of this study was to investigate these mechanisms 
using bioinformatics, network topology, and molecular dynamics 
simulation techniques.
Methods. The active components and target sites of A. membranaceus 
and S. miltiorrhiza were obtained from the Traditional Chinese 
Medicine Systems Pharmacology database. The targets of CKD 
and CHF were obtained from various databases for a protein-
protein interaction analysis. The Gene Ontology (GO) function 
and Kyotoencyclopedia of genes and genomes (KEGG) pathway 
enrichment of intersection targets were analyzed by using the 
Database for Annotation, Visualization, and Integrated Discovery 
(DAVID) database. Molecular docking and dynamic simulations 
were conducted on the core ingredients and targets. The diagnostic 
efficiency of the key targets was evaluated by using receiver-
operating characteristic (ROC) curves.
Results. A total of 70 active ingredients and 158 common targets 
were found. The top five core targets were AKT1, STAT3, TP53, 
MAPK1, and RELA. The GO enrichment analysis included 
apoptosis and oxidative stress. The KEGG pathway enrichment 
results indicated that the drug pair regulated the AGE-receptor 
for AGE signaling pathway, fluid shear stress and atherosclerosis, 
and the IL-17 signaling pathway. Molecular docking and dynamic 
simulations confirmed that the core ingredients had good affinity 
and stability with the key targets. The ROC curves confirmed the 
accuracy of every key target for identifying CKD and CHF and 
demonstrated that combining them improves diagnosis.
Conclusion. The combination of A. membranaceus and S. miltiorrhiza 
proved effective for the treatment of CKD and CHF through 
various components, targets, and mechanisms. Moreover, it may 
predict the diagnostic value of key targets, providing a reference 
for clinical diagnostic applications.
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INTRODUCTION
Chronic kidney disease (CKD) has a global 

prevalence of 9.1%, with the number of affected 
people approaching 700 million and showing 
continuous increase.1,2 Patients do not usually 
exhibit significant clinical symptoms during 
the early stages of the disease. However, in the 
late stages, patients may present with a range 
of symptoms, including anemia, bone mineral 
disorders, cognitive decline, and hypertension.3

Cardiovascular disease (CVD) has a profound 
impact on the condition and course of the disease in 
patients with CKD and is a major cause of disease 
recurrence and death in these patients.4 Chronic 
heart failure (CHF) is considered the final stage of 
all types of CVD, often occurring in conjunction 
with CKD.5 Studies have shown that the probability 
of comorbidity of the two diseases ranges from 
31% to 39%.6 The pathogenesis of both conditions 
is related to neurohormonal, hemodynamic, and 
inflammatory responses. Damage to one organ 
affects the health of the other, creating a vicious 
circle that eventually leads to an overall decrease in 
the function of both organs.7 In terms of treatment, 
the dual effects on the heart and kidneys must be 
considered. Conventional drugs such as diuretics 
can effectively reduce cardiac load and relieve the 
symptoms of heart failure (HF) while improving 
renal function by lowering renal venous pressure. 
However, diuretic use can also lead to insufficient 
circulating blood volume and further aggravate 
cardiac and renal damage. Angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers 
can improve cardiac function, reduce proteinuria, 
and delay the progression of CKD but also have 
adverse effects such as decreased glomerular 
filtration rate and increased creatinine level.8 
Therefore, there is an urgent need to develop 
novel and effective treatments for CKD and CHF.

Chinese medicine has shown to have positive 
efficacy and advantages in treating CKD and 
CHF, and can effectively improve patients’ 
clinical symptoms.9,10 The Astragalus-Danshen 
drug pair is commonly used in the treatment of 
CKD and CHF.11 Modern pharmacological studies 
have found that Astragalus membranaceus and 
Salvia miltiorrhiza inhibit pathological changes 
such as renal tubular swelling, peduncle fusion, 
and thylakoid hyperplasia in rats by regulating 
the PI3K/Akt and CAMKK/AMPK signaling 

pathways.12 Corresponding clinical reports have 
shown that the combination of A. membranaceus and 
S. miltiorrhiza can reduce proteinuria, improve renal 
function, lower the risk of CKD-related mortality, 
and improve survival in CKD patients without the 
risk of hyperkalemia.13,14 The bioactive components 
of Astragalus can inhibit the expressions of calcium-
sensitive receptors and protein kinase C-α and 
improve cardiac diastolic function in rats with 
CHF, thus exerting an anti-myocardial fibrosis 
effect.15 Danshen extract injection has been shown 
to have cardiovascular protective effects, inhibit 
ventricular hypertrophy, and improve cardiac 
function.16 However, the molecular mechanism by 
which the Astragalus-Danshen drug pair plays a 
common role in CKD and CHF remains unclear.

In this study, we used a network pharmacology 
approach that ingredient bioinformatics, molecular 
docking, and kinetic simulations to conduct an in-
depth analysis of the active components, targets, 
and mechanisms of the Astragalus-Danshen drug 
pair in the treatment of CKD and CHF. Using this 
methodology, we aimed to uncover the molecular 
mechanisms underlying the therapeutic action 
of the Astragalus-Danshen drug pair in these 
conditions.18

MATERIALS AND METHODS
Screening of active ingredients and targets of 
the Astragalus-Danshen drug pair

By using “Astragalus” and “Salvia miltiorrhiza” 
as keywords, Lipinski’s rule17 was used to search 
the TCMSP database,18 relative molecular mass 
(MW) ≤ 500, lipid-water partition coefficient 
(AlogP) ≤ 5, number of hydrogen-bonded donors 
(Hdon) ≤ 5, and number of hydrogen-bonded 
acceptors (Hacc) ≤ 10. The screening criteria were 
oral bioavailability (OB) ≥ 30% and drug-likeness 
index (DL) ≥ 0.18.19 The active ingredients and 
corresponding potential targets of A. membranaceus 
and S.  milt iorrhiza  were init ial ly screened, 
combined, and deweighted by using the Uniprot 
database20 and Perl. The targets were corrected 
and transformed into the corresponding human 
gene names to obtain the components and targets 
of the Astragalus-Danshen drug pair.

Screening for the CKD and CHF targets
The Gene Expression Omnibus (GEO) database21 

was searched and used to retrieve datasets GSE37171 
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and GSE66494 for CKD, and GSE21125 for CHF 
using “chronic kidney disease” and “chronic 
heart failure” as search terms. Data analysis was 
performed with the “SVA” and “limma” packages 
in R 4.2.0, applying multi-chip analysis with batch 
correction. The criteria for identifying differentially 
expressed genes were |logFC| > 1 and P < .05.19 
In addition, disease targets were sourced from the 
GenCards,22 OMIM,23 TTD,24 DisGeNET,25 and Drug 
Bank26 databases using the same search terms. 
Only targets with a relevance score 35 from the 
GenCards database were selected. After merging 
the data from all sources and removing duplicates, 
the list of targets for CKD and CHF was finalized.

Constructing a Network Linking the Active 
Ingredients of the Astragalus-Danshen Drug 
Pair to Common Therapeutic Targets in the 
Treatment of CKD and CHF

The drug and disease targets were uploaded to 
an online Venn diagram27 to obtain the intersection 
genes of the drugs and diseases, and the drug, 
disease, and intersection targets were imported 
into Cytoscape 3.9.1.28 The network was then 
constructed, and the top five core components 
were identified on the basis of the degree value 
(degree) of each node.

Construction of protein-protein interaction 
networks for the Astragalus-Danshen drug pair 
and intersection targets of CKD and CHF

Intersecting genes were imported into the 
STRING database.29 The species were restricted to 
“Homo sapiens” on the interface. The protein-protein 
interaction (PPI) network was obtained by using 
the following criteria: highest confidence value of 
0.9 and false discovery rate (FDR) stringency of 
1%. The tab-separated values file was exported, 
and Cytoscape 3.9.1 was imported. The CytoNCA 
plug-in was used to construct a potential target 
network, with nodes representing individual 
targets and edges representing interactions among 
nodes, and to perform a systematic analysis of the 
network parameters.

Gene Ontology and Kyoto Encyclopedia of 
Genes and Genomes enrichment analyses

Gene Ontology (GO) enrichment analysis uses 
three parameters, namely biological process (BP), 
cellular component (CC), and molecular function 

(MF), to explain the biological processes of the 
intersecting genes, which are mainly designed 
to detect the major signaling pathways involved 
in the intersecting genes. Kyoto Encyclopedia of 
Genes and Genomes (KEGG) was designed to 
detect the major signaling pathways involved in 
gene intersections. In this study, the intersection 
targets were imported into the DAVID database30 
and the species was restricted to “Homo sapiens.” 
FDRs < 0.01 were used for the GO and KEGG 
enrichment analyses.

Molecular docking
The five highest-ranked compounds from A. 

membranaceus and S. miltiorrhiza were selected for 
docking with the key targets. First, the structured 
data files of the three-dimensional (3D) structures 
of the compounds were downloaded from the 
PubChem database and converted to Protein 
Data Bank (PDB) format files using Open Babel 
3.1.1. The 3D structures were then hydrogenated 
and calculated by using the AutoDockTools 1.5.6 
software and saved as Protein Data Bank, Partial 
Charge, and Atom Type (PBDQT) files. Next, the 
protein structures of the targets were obtained 
from the Research Collaboratory for Structural 
Bioinformatics protein library31 followed by 
dehydration, hydrogenation, and equilibrium 
charging of each target protein in AutoDockTools 
1.5.6. The data obtained were then saved in the 
pdbqt format. Finally, molecular docking of 
the proteins to compound small molecules was 
performed by AutoDock Vina 1.1.2 and visualized 
by using PyMOL 2.6.0.

Molecular dynamics simulations
The stability and interaction of ligand binding 

to proteins were further evaluated by using the 
GROMACS 2019.4 package for 75-ns simulation 
runs.  A Charmm36 force field was used to 
perform ligand topological transformation of the 
protein using the CGenFF server, followed by the 
generation of a TIP3P water model, neutralization 
of the charge of the system, and a 50,000-step 
energy minimization optimization. Then, in a 
100-picosecond (ps) constant NVT (number of 
particles, volume, and temperature), the proteins 
were heated to 300 K. In constant NPT (number of 
particles, pressure, and temperature), maintaining 
the pressure at one standard atmosphere, an 
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equilibrium of 100-ps duration and 2-femtosecond 
(fs) time step was performed, during which the 
formation of atomic bonds was suppressed by using 
the LINear Constraint Solver algorithm. After the 
energy minimization and equilibration process, 
molecular dynamics simulations were performed 
with the Leap Frog algorithm for 75 nanoseconds 
(ns), with a time step of 2 fs, to determine the root 
mean square deviation (RMSD). Origin 2021 was 
used for visualization to understand the properties 
of the protein ligand.

Validation of the key target genes using ROC 
curves

ROC curves were plotted, and the area under 
the curve (AUC) values were calculated to evaluate 
the accuracy of the key genes for the diagnosis 
of CKD and CHF, using the R 4.2.0 “pROC” and 
“ggplot2” packages for network visualization.

RESULTS
Screening of active ingredients and drug 
targets

According to Lipinski’s rule that OB and DL 
should be ≥30% and ≥0.18, respectively, 14 active 
ingredients and 432 targets from A. membranaceus, 
56 active ingredients and 907 targets from S. 
miltiorrhiza, and 70 components were screened by 
using the TCMSP database. The 1339 targets were 
entered into the UniProt database to obtain the 
canonical names of the target genes, which were 
subsequently sorted and deleted by using the Perl 
language to obtain 191 targets for the action of the 
Astragalus-Danshen pair (Supplementary Table 1). 

Target screening for diseases
Three microarray datasets (GSE37171, GSE66494, 

and GSE12215) from the GEO database were 
analyzed to identify 96 differentially expressed 
genes associated with CKD and 218 differentially 
expressed genes associated with CHF, and volcano 
and heat maps were constructed (Figure 1). In 
addition, we consolidate the disease targets for 
CKD and CHF by integrating data from the 
GenCards, OMIM, TTD, DisGeNet, and DrugBank 
databases aligning them with the GEO results; 
and eliminating duplicates, ultimately yielding 
8018 targets for CKD and 5148 targets for CHF. 
We took the intersection of the disease targets and 
the Astragalus-Danshen drug-pair action, plotted 

a Venn diagram to obtain 158 intersection targets 
of the drugs and diseases (Figure 2). Specific 
information on the 158 intersection targets are 
presented in Supplementary Table 2.

Construction of a “drug-active component-
common target disease” network

The two drugs, two diseases, 70 active ingredients, 
and 158 common targets were imported into the 
Cytoscape 3.9.1 software to construct the “drug 
active ingredient-common target-disease” network 
of the Astragalus-Dangshen drug pair for CKD and 
CHF interventions. Therefore, the network had 
226 nodes and 1145 interaction lines, including 
2 drug nodes, 2 disease nodes, 64 component 
nodes, and 158 common target nodes, with the 
yellow-pink triangle representing the drug, the 
V-shape representing the disease, the orange 
and green hexagons representing the main active 
ingredients of each drug, and the purple diamond 
node representing the common target, with the 
shade of color representing the degree size. The 
top 5 targets were quercetin, kaempferol, luteolin, 
tanshinone IIA, and 7-O-methylisomucronulatol 
(Table 1).

Construction of the protein-protein interaction 
and screening for the key targets

To unravel the mechanism underlying the 
therapeutic effect of the combination of A. 
membranaceus and S. miltiorrhiza in the treatment of 
CKD and CHF, 158 shared targets were integrated 
into the STRING database. Using a confidence 
score of 1.4 as the selection criterion, unrelated 
nodes were obscured, generating a protein-protein 
interaction (PPI) network (Figure 3B). Subsequently, 
we imported the PPI data into the Cytoscape 3.9.1 
software and performed a topological analysis of 
the PPI network using the CytoNCA plugin. The 
median values of degree centrality (DC), closeness 
centrality (CC), and betweenness centrality (BC) 
were 7, 0.13, and 51.77, respectively. By establishing 
a selection condition in which DC, CC, and BC 
all exceeded their respective median values, we 
identified 44 key targets, which were then sorted 
in descending order of degree, which led to the 
identification of the top 5 key targets: protein 
kinase B1 (AKT1), signal transducer and activator of 
transcription 3 (STAT3), tumor protein P53 (TP53), 
mitogen-activated protein kinase 1 (MAPK1), and 
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transcription factor p65 (RELA). In Figure 3C, a 
network comprised of 44 nodes and 252 edges is 
presented, with node color and size reflecting the 

degree values.

The GO and KEGG enrichment analysis of 

A B

C D
Figure 1. Volcano plots and heatmaps of CKD and CHF differential genes. (A) CKD differential gene volcano plot; (B) CHF differential 
gene volcano plot; (C) Top 50 heatmaps of CKD differential genes; (D) Top 50 heatmaps of CHF differential genes.
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common targets
A total of 158 common targets were imported 

into the DAVID database, with a screening 
condition of FDR < 0.01. In the GO functional 
enrichment analysis, 192 entries were identified, 
including 412 BP-, 38 CC, and 85 MF-related 
entries. The top 10 entries in each of the BP, CC, 
and MF entries were selected on the basis of their 
FDR values using R 4.2.0. (Figure 4A), indicating 
that CKD and CHF involve complex biological 
processes, and that the Astragalus-Danshen drug 
pair can play a common regulatory role in CKD 
and CHF by regulating these biological processes. 
In addition, the analysis of the KEGG signaling 
pathways revealed that 162 signaling pathways 
were mapped to the intersection targets, and the 
top 20 pathways were selected in descending order 
of FDR value, mainly including pathways in cancer, 
the advanced glycosylation end products (AGE)-
receptor for AGE (AGE-RAGE) signaling pathway 
in diabetic complications, lipid and atherosclerosis, 
fluid shear stress and atherosclerosis, the tumor 
necrosis factor (TNF) signaling pathway, the 
interleukin-17 (IL-17) signaling pathway, and the 
PI3K-Akt signaling pathway. The KEGG results 
also contained common signaling pathways that 
interfered with CKD and CHF, such as the p53, 
NF-Kappa B, and calcium signaling pathways. This 
suggests that A. membranaceus and S. miltiorrhiza 
interfered with the CKD and CHF processes through 

multiple targets and pathways.

Molecular docking and molecular dynamics 
simulations

Molecular docking of the core components 
quercetin, kaempferol, luteolin, tanshinone IIA, 
and 7-O-methylisomucronulatol, with the key 
targets AKT1, STAT3, TP53, MAPK1, and RELA, 
was performed. Binding energies £ 5.0 kcal/mol 
between two core components were considered to 
provide good binding activity, and ligand-receptor 
binding energies £ 7.0 kcal/mol were considered 
to have excellent binding activity.31 The molecular 
docking results are shown in Table 2, where the 
binding energies of the core active ingredient to 
the key target were £6.0 kcal/mol. Some docking 
results were visualized by using PyMOL, as shown 
in Figure 5. Tanshinone IIA forms hydrogen 
bonds with AKT1, P53, and MAPK1 through the 
amino acids GLN-43, ARG-267, SER-99, LYS-162, 
and ASN-80. Quercetin forms hydrogen bonds 
with STAT3 via the amino acid residues LYS-370, 
ASP-396, and LEU-438. Luteolin forms hydrogen 
bonds with RELA through the amino acid residues 
GLN-20 and ARG-131. Molecular dynamics 
simulations provided insights into the stability 
of the protein-ligand complex. In this study, 
molecular dynamics simulations for quercetin-
STAT3, tanshinone IIA-TP53, and tanshinone 
IIA-MAPK1 were performed for 75 ns based on 
docking results to assess molecular motions, 
trajectories, structural features, binding potentials, 
and conformational changes. The RMSD was used 
to assess the conformational stability of proteins 
and ligands, with smaller deviations indicating 
better conformational stability. Tanshinone IIA and 
quercetin were rapidly stabilized upon binding to 
their respective receptors, with RMSD fluctuations 
of < 0.2 nm. The results are shown in Figure 6.

Validation of the target genes using ROC curves
The ROC curves for the key genes, predicting 

the development of CKD and CHF, were plotted 
separately using R language ( Figure 7). The AUC 
of the ROC curves ranged between 0.5 and 1, and 
the closer the AUC to 1, the better the diagnosis. As 
shown in Figure 7A, AKT1, TP53, and RELA showed 
high accuracy in their predictive abilities. STAT3 
had some predictive accuracy, and MAPK1 had a 
low predictive accuracy. Figure 7B shows that AKT1 

Figure 2. Venn diagram of the intersection targets of Traditional 
Chinese Medicine with CKD and CHF.
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Order number ID Active ingredient Degree Source
1 MOL000098 quercetin 111 Astragalus membranaceus
2 MOL000006 kaempferol 44 Astragalus membranaceus
3 MOL000422 luteolin 39 Salvia miltiorrhiza
4 MOL007154 tanshinone IIA 31 Salvia miltiorrhiza
5 MOL000378 7-O-methylisomucronulatol 25 Astragalus membranaceus

Table 1. Top 5 core components of Astragalus and Salvia Miltiorrhiza in treating CKD and CHF

A

B C
Figure 3. Astragalus membranaceus-Salvia miltiorrhiza Drug targets. (A) “Traditional Chinese medicine-active ingredient-
intersectiontarget-disease” network of Astragalus membranaceus-Salvia miltiorrhiza drug pair. (B) PPI network of intersecting target 
proteins. (C) Core target network.
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and RELA had some predictive accuracy, STAT3 
and MAPK1 had lower predictive accuracy, and 
TP53 had poor diagnostic efficacy. The predictive 
ability of the 5-gene combination showed high 
accuracy and higher AUC than those of the single 
genes, which had some clinical predictive value 
(Figure 7CD).

DISCUSSION
Chronic diseases such as CKD and CVD 

are becoming increasingly prevalent owing to 
development of human civilizations and the 
aging process.32,33 These diseases share a common 
pathogenesis that leads to exacerbation and poor 
prognosis.34 The treatment strategies for these 
diseases remain controversial, with no uniform 
standard. In Chinese medicine, the Astragalus-
Dangshen drug pair is believed to be effective 

for the treatment of both diseases by improving 
microcirculation. Thus, we studied the targets and 
mechanisms of this drug pair in the treatment of 
different diseases.

The core active ingredients in this study were 
quercetin, kaempferol, luteolin, tanshinone IIA, 
and 7-O-methylisomucronulatol.  Quercetin 
is a flavonoid believed to act on the PTEN/
TIMP3, PI3K/Akt, TGF-β, and miR-124/NF-κB 
pathways, reducing macrophage accumulation and 
inflammatory cytokine expression in the kidney, 
exerting antioxidant effects, inhibiting inflammatory 
responses, and improving renal damage.35 In recent 
years, dysbiosis of the gut flora has been identified 
as a risk factor for the progression of CKD, and the 
core theory of the “gut-kidney axis” suggests that 
dysbiosis of the gut flora can exacerbate urinary toxin 
accumulation; induce systemic microinflammatory 

A B
Figure 4. GO and KEGG enrichment analysis. (A) GO enrichment analysis of common targets. (B) KEGG enrichment analysis of 
common targets.

Key targets PDB ID
Binding energy/ (kcal·mol-1)

Quercetin Kaempferol Luteolin Tanshinone IIA 7-O-methylisomucronulatol
AKT1 1UNQ -6.5 -6.1 -6.3 -6.9 -5.9
STAT3 6NJS -8.1 -7.8 -7.9 -7.9 -6.8
TP53 3D06 -7.4 -6.9 -7.7 -7.9 -7.0
MAPK1 4ZZN -7.3 -7.2 -7.4 -7.4 -6.4
RELA 6NV2 -7.2 -6.9 -7.3 -7.2 -6.5

Table 2. Docking binding energy of core components and core targets
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responses; aggravate kidney damage; inhibit the 
production of proinflammatory cytokines such as 
IL-17, TNF-α, and IL-6 in the gut; regulate intestinal 

microecology; and protect renal function.36 In 
addition, quercetin significantly inhibits angiotensin 
II (Ang II)-induced myocardial fibrosis and has been 

A B

C D

E
Figure 5. Molecular docking between core components (top 5) and core targets (top 5). (A) tanshinone IIA-AKT1. (B) tanshinone IIA-
TP53. (C) tanshinone IIA-MAKT1. (D) quercetin-STAT3. (E) luteolin-RELA.
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A B C
Figure 6. Molecular dynamics simulation of quercetin, tanshinone IIA, STAT3, TP53 and MAPK1. (A) quercetin-STAT3. (B) tanshinone 
IIA-TP53. (C) tanshinone IIA-MAPK1.

A B

C D
Figure 7. ROC curve of 5 core genes and their joint diagnosis.
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shown to significantly improve myocardial injury 
both in vivo and in vitro.37 Kaempferol has been 
shown to inhibit oxidative stress and inflammation 
in diabetic nephropathy, act as a nephroprotective 
agent, and exert a positive effect on cardiomyocytes 
by inhibiting apoptosis.38,39

During the progression of CKD, luteolin inhibits 
adriamycin-induced apoptosis in renal tubular 
epithelial cells by mediating MAPK phosphorylation 
and the p53 pathway.40 Luteolin has also been 
shown to significantly increase the expression and 
activity of SERCA2a in sarcoplasmic reticulum 
Ca2+-ATPase (SERSA) and to maintain intracellular 
Ca2+.41 Tanshinone IIA, the main lipophilic 
component of S. miltiorrhiza, protects against 
cardiac dysfunction.42 In the kidney, it attenuates 
oxidative stress and endoplasmic reticulum stress-
mediated apoptosis, prevents inflammation, and 
reduces glomerulosclerosis.43

The GO analysis results showed that the 
Astragalus-Danshen drug pair affected the positive 
regulation of RNA polymerase II  promoter 
transcription, apoptosis, oxidative stress, and other 
BP; cytoplasm, plasma membrane, extracellular 
gap, and other CC; and protein binding, enzyme 
binding, and other MF. From the GO and KEGG 
analysis results, we found that the drug pair mainly 
exerted “allopathic” effects by participating in the 
regulation of the AGE-RAGE signaling pathway, 
TNF signaling pathway, lipid and atherosclerosis 
pathway, fluid shear stress and atherosclerosis, 
and IL-17 signaling pathway. AGEs are products 
of non-enzymatic glycosylation reactions between 
the amino portion of lysine and the reducing 
glyoxal group.44 The formation of AGEs is closely 
associated with kidney failure45 and plays a role 
in the pathogenesis of many CVDs.46 The recept or 
for AGEs (RAGEs) is widely expressed in the 
heart and kidney, and its upregulated expression 
in many CVDs is associated with reduced cardiac 
function.47 Blocking RAGE can improve cardiac 
function in patients with HF.48 Lipid and shear 
stress can cause changes in the vascular wall, 
resulting in a local inflammatory environment.

Astragalus-Danshen drug pair acts on targets such 
as CCL2, AKT1, VCAM1, CHUK, NOS3, MAPK14, 
SELE, MMP9, IL1B, BCL2, TP53, and NFE2L2 to 
modulate the lipid and atherosclerotic pathways, 
fluid shear stress, and the arterial atherosclerotic 
pathways, and promote vascular remodeling.49 

TNF-α is an inflammatory factor and important 
mediator of renal fibrosis and HF, and increased 
TNF-α expression level in the kidney exacerbates 
angiotensin II-induced glomerular injury.50 Studies 
have shown that TNF-α produced by myeloid 
cells induces proinflammatory differentiation of 
macrophages, triggers RIPK3-related necroptosis, 
and exacerbates renal loss and fibrosis.51 The IL-17 
family members include IL-17A, IL-17C, and IL-
17E, with receptors such as IL-17RE, which play 
unique roles in inflammation and autoimmunity. 
IL-17- in TGF-β-induced renal fibroblast activation 
and extracellular matrix (ECM) synthesis exerts 
an inhibitory effect on renal interstitial fibrosis by 
decreasing P38MAPK and AKT phosphorylation.52 
The NF-κB transcription factor, a key event in IL-17 
signaling, can be activated by IL-17A, downregulate 
SERCA2a and Cav1.2 expressions, and impair 
cardiomyocyte function contraction and structural 
remodeling.53

AKT1, STAT3, TP53, MAPK1, and RELA were 
identified as key targets. The docking results with 
the core components showed good binding ability 
between the compounds and the target proteins. 
On the basis of the network and docking results, 
combined with the biological significance of the 
targets in the literature and the safety of the 
components, the best binding proteins and ligands, 
namely quercetin-STAT3, tanshinone IIA-TP53, 
and tanshinone IIA-MAPK1, were selected for the 
molecular dynamics simulations. These simulations 
showed that the ligand- receptor complexes were 
tightly bound and rapidly reached a steady state. 
This suggests that the drug may mainly act on 
targets such as AKT1, STAT3, TP53, MAPK1, and 
RELA, which play an important role in improving 
CKD and CHF. AKT1 is an isoform of AKT that is 
closely related to cell proliferation, migration, and 
apoptosis. AKT1 deficiency promotes the expression 
of TGF-β1, fibrosis markers, and renal tubules, both 
in vivo and in vitro, and exacerbates the progression 
of CKD.54 In the heart, AKT1 activation regulates 
cell size and survival, reduces apoptosis, and is 
beneficial for heart failure.55

The activation of STAT3, a member of the 
STATS family, resists cardiomyocyte apoptosis.56 
STAT3 activation in the ischemic and hypoxic heart 
has a protective effect, but sustained activation 
may have detrimental effects.57 The inhibition of 
STAT3 activity in a CKD model ameliorated ECM 
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deposition and inflammatory cell infiltration.58 
TP53 encodes p53, which regulates the expressions 
of genes related to the cell cycle and senescence 
and is closely associated with human cancer. p53 
knockdown was found to reduce endoplasmic 
reticulum stress and alter cardiac metabolism 
and cellular outcomes.59 The role of p53 in CKD 
is controversial, and further research is required 
to determine whether TP53 and p53 can be used 
as treatment targets in CKD.60

ERK is a member of the mitogen-activated protein 
kinase (MAPK) family and has two isoforms: 
ERK1 (MAPK3) and ERK2 (MAPK1). Activation 
of ERK1 and ERK2 plays an important role in cell 
signaling, particularly by affecting the activity 
of its downstream factors, p65 and NF-κB. The 
regulation of these two activities is directly related 
to the proper kidney functioning.61 In mouse 
models, cardiomyocyte-specific ERK2 deficiency has 
been observed to be associated with an increased 
incidence of HF. This suggests that ERK2 may play 
a crucial protective role in cardiomyocytes and that 
cardiomyocyte-specific ERK2 deficiency may disrupt 
cardiomyocyte endostasis, thereby increasing the 
risk of HF.62 RelA (p65) is an important member 
of the NF-κB family and is associated with the 
classical activation pathway of NF-κB. The NF-κB 
signaling pathway is a major signaling pathway 
for inflammation and immunity that is directly 
involved in the development and progression of 
cardiac and renal inflammation.63-66

Subsequently, to evaluate the diagnostic value 
of the key genes for CKD and CHF in depth, we 
used ROC curves for prediction. The AUC of AKT1, 
STAT3, MAPK1, and RELA were all > 0.5, and the 
AUC of TP53 in CHF was 0.494, indicating the low 
diagnostic value of TP53 for CHF. However, after 
combining the key genes for diagnostic prediction, 
all AUC were > 0.9, which were superior to 
the AUC of the individual genes. This suggests 
that these five key genes have a high diagnostic 
value in differentiating patients with CKD and 
CHF from controls. However, further validation 
of their expressions and specific functions by 
immuno-infiltration analysis, mutation analysis, 
and real-time reverse transcription polymerase 
chain reaction is needed.

CONCLUSION
This study integrated bioinformatics technology, 

network pharmacology, molecular docking, kinetic 
simulation, and other methods. On the basis of the 
theory of “treating different diseases together,” 
we preliminarily elucidated that the 70 active 
ingredients of the Astragalus-Danshen drug pair 
can act on 158 targets; regulate the AGE-RAGE, 
TNF, IL-17, and other signaling pathways; inhibit 
inflammation, oxidative stress, and apoptosis; and 
take advantage of the multi-component, multi-target, 
and multi-pathway benefits of Chinese medicine in 
the treatment of CKD and CHF. To a certain extent, 
this study provides a theoretical basis for the clinical 
application of Astragalus-Danshen drug pair. In this 
study, the drug database was screened according to 
various conditions but did not include information 
on the dose-effect relationships and interactions 
between drug components, which inevitably affected 
the results of this study to some extent. Therefore, 
a follow-up study should build on the present 
study to examine the exact relationship between the 
ingredients and use the intestinal flora as an entry 
point to conduct in-depth research on the effect of 
Chinese medicine interventions on diseases and 
validate the results in in-vitro experiments.
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