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Abstract 
Background: Heart failure (HF) is the end stage of the development of heart disease, whose prognosis is poor. The previous 
research of our team indicated that the formulae containing Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae 
Semen (ALRP-LSDS) could inhibit myocardial hypertrophy, inhibit cardiomyocyte apoptosis, delay myocardial remodeling (REM), 
and improve the prognosis of patients with HF effectively. In order to explore the mechanism of ALRP-LSDS for the treatment of 
HF, a combined approach of network pharmacology and molecular docking was conducted. 

Methods: Public database TCMSP was used to screen the active compounds of ALRP-LSDS. The targets of screened active 
compounds were obtained from the TCMSP database and predicted using the online analysis tool PharmMapper. The targets 
of HF were obtained from 6 databases including GeneCards, OMIM, DrugBank, TTD, PharmGKB, and DisGeNET. Protein–
protein interaction and enrichment analysis were performed, respectively, by STRING and Metascape online tools after merging 
the targets of active compounds and HF. Cytoscape software was used to conduct networks. Finally, molecular docking was 
performed by Vina to verify the correlation between key targets and active compounds.

Results: Final results indicated that the active compounds including β-sitosterol, isorhamnetin, quercetin, kaempferol, 
and (R)-norcoclaurine, the targets including AKT1, CASP3, and MAPK1 might be the main active compounds and key 
targets of ALRP-LSDS for the treatment of HF separately. The binding ability of AKT1 to the main active compounds was 
better compared with the other 2 key targets, which means it might be more critical. The pathways including AGE-RAGE 
signaling pathway in diabetic complications, Pathways in cancer, and Fluid shear stress and atherosclerosis might play 
important roles in the treatment of HF with ALRP-LSDS. In general, ALRP-LSDS could inhibit cardiomyocyte apoptosis, 
delay REM, and improve cardiac function through multicompound, multitarget, and multipathway, which contributes to the 
treatment of HF.

Conclusions: Based on the combined approach of network pharmacology and molecular docking, this study screened out 
the main active compounds, key targets, and main pathways of ALRP-LSDS for the treatment of HF, and revealed its potential 
mechanisms, providing a theoretical basis for further research.
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Abbreviations: ACEI = angiotensin-converting enzyme inhibitors, ADME = absorption, distribution, metabolism and excretion, 
AGE/AGEs = advanced glycation end products, AKT1/PKB = RAC-alpha serine/threonine protein kinase, protein kinase B, 
ALRP = Aconiti Lateralis Radix Praeparata, Bcl-2 = B-cell lymphoma-2, Bcl-XL = B-cell lymphoma extra large, BP = biological 
processes, Caspase-3 = Cysteiny aspartate-specific proteinase-3, Caspase-6 = Cysteiny aspartate-specific proteinase-6, 
Caspase-7 = Cysteiny aspartate-specific proteinase-7, CC = cell components, DL = drug-likeness, EC = endothelial cell, GO 
= Gene Ontology, GSK-3β = glycogen synthase kinase-3β, HF = heart failure, IL1 = interleukin-1, IL6 = interleukin-6, JAK = 
Janus Kinase, KEGG = Kyoto Encyclopedia of Genes and Genomes, LSDS = Lepidii Semen Descurainiae Semen, MAPK1/
ERK2 = mitogen-activated protein kinase 1, extracellular signal-regulated kinase 2, MAPKs = mitogen-activated protein kinases, 
MEK = mitogen-activated protein kinase kinase, MF = molecular functions, mPTP = mitochondrial permeability transition pore, 
NADPH = nicotinamide adenine dinucleotide phosphate, NF-κB = nuclear factor kappa B, OB = oral bioavailability, OMIM = Online 
Mendelian Inheritance in Man, PI3K = phosphatidylinositol 3-kinase, PKC = protein kinase C, PPI = protein–protein interaction, 
Raf = RAF proto-oncogene serine/threonine protein kinase, RAGE = receptor for advanced glycation end products, RCSB PDB = 
Research Collaboratory for Structural Bioinformatics protein data bank, REM = myocardial remodeling, SGLT-2i = sodium glucose 
cotransporter 2 inhibitors, STAT = signal transducer and activator of transcription, TCM = Traditional Chinese Medicine, TCMSP 
= Traditional Chinese Medicine Systems Pharmacology, TNF-α = tumor necrosis factor-α, TTD = therapeutic target database, 
VEGF = vascular endothelial growth factor.

Keywords: Aconiti Lateralis Radix Praeparata, heart failure, Lepidii Semen Descurainiae Semen, molecular docking, network 
pharmacology

1. Introduction
Heart failure (HF) is a complex clinical syndrome character-
ized by a series of symptoms and signs caused by structural or 
functional cardiac abnormalities, which is the common outcome 
of various end-stage cardiovascular diseases. It is a leading and 
increasing cause of morbidity and mortality worldwide, despite 
the efficacy of many therapies for patients with HF.[1]

The occurrence and development of HF is a series of processes 
of myocardial pressure or volume overload, which leads to com-
pensatory myocardium hypertrophy, and then decompensation, 
which leads to myocardial injury. REM is the basic mechanism 
of its occurrence and development. Pressure and volume over-
load will trigger the remodeling cascade, a process that initially 
protects the heart as a compensatory mechanism, but over time 
becomes decommissioned, leading to enlarged heart, decreased 
heart function, and ultimately HF.[2,3] Many large clinical trials 
have demonstrated that angiotensin-converting enzyme inhibi-
tors (ACEI), β-blockers, aldosterone, and other neuroendocrine 
inhibitors can change the biological properties of failing myo-
cardium, delay or even reverse REM, improve the prognosis 
and reduce the mortality of patients with HF.[4] Therefore, the 
treatment mode mainly aimed at improving neuroendocrine 
abnormalities and preventing REM should be the direction of 
our future research.

Traditional Chinese medicine (TCM) herbs ALRP and LSDS are 
both commonly used in the treatment of HF. A study has analyzed 
the TCM prescriptions for HF in recent 20 years, and the results 
show that both ALRP and LSDS are the most frequently used 
drugs for HF.[5] TCM Qiliqiangxin Capsule, the Fuxin mixture 
(Aconiti Lateralis Radix Praeparata, Lepidii Semen Descurainiae 
Semen, Epimrdii Herba, Angelicae Sinensis Radix, Alisma 
Orientale (Sam.) Juz., Phellodendri Chinrnsis Cortex) and Fuxin 
decoction (Aconiti Lateralis Radix Praeparata, Lepidii Semen 
Descurainiae Semen, Hedysarum Multijugum Maxim.) summa-
rized by Prof. Xue for the treatment of HF all contain ALRP-
LSDS. Experimental studies have revealed that Qiliqiangxin 
capsule can inhibit myocardial hypertrophy, REM and improve 
cardiac function in mice with pressure overload effectively. 
Meanwhile, evidence-based medical research QL-BACD test also 
confirms that Qiliqiangxin capsule can improve the quality of life 
and prognosis of patients with HF.[6] Our previous experiments 
also showed that Fuxin mixture could effectively inhibit myocar-
dial hypertrophy and cardiomyocyte apoptosis and delay REM 
through the regulation of the c-Raf/MEK/ERK pathway,[7] PI3K/
Akt/GSK-3β pathway[8] and β1/AR/cAMP/PKA pathway.[9] Fuxin 

decoction can also improve the energy metabolism of myocardial 
mitochondria and myocardial apoptosis by improving the per-
meability of mPTP,[10] improving the prognosis of patients with 
HF. In the heart, an organ with high energy demand, cardiac 
energy metabolism, and mitochondrial function, structural dis-
orders are closely related to HF. Mitochondrial dysfunction leads 
to impaired myocardial energy and increased oxidative stress in 
HF, while the opening of mPTP triggers cell death and myocardial 
remodeling, promoting the process of HF.[11] However, no directly 
experimental studies have been conducted to explore the role of 
ALRP-LSDS in the treatment of HF and its potential mechanism. 
Therefore, it is significant to explore the active compounds and 
potential mechanism of ALRP-LSDS in the treatment of HF.

A combined approach of network pharmacology and molecu-
lar docking, which has been widely used in the study of the mech-
anism of TCM in recent years, was used to explore the potential 
mechanism of ALRP-LSDS in the treatment of HF. Network 
pharmacology can deepen our understanding of the active com-
pounds of TCM through the interaction network of “multigene, 
multitarget, and multipathway” and provide strong evidence for 
the biological targets and potential mechanisms of action of TCM 
in treating various diseases.[12,13] Based on the docking mode of 
“multi-target-single-ligand,” molecular docking enables the small 
molecule to be identified with biomacromolecules to form molec-
ular complexes according to space and energy matching, further 
clarifying the potential mechanism of active compounds in TCM 
from the molecular level, and playing an important role in clinical 
research of TCM.

Therefore, we used network pharmacology combined with 
molecular docking to explore the potential mechanisms in ALRP-
LSDS in the treatment of HF. The workflow was shown in Figure 1.

2. Materials and Methods

2.1. Screening of active compounds in ALRP-LSDS

“Aconiti Lateralis Radix Praeparata” and “Lepidii Semen 
Descurainiae Semen” were searched from the Chinese Medicine 
Systems Pharmacology (TCMSP) (https://tcmsp-e.com/tcmsp.
php) database, which is a unique systems pharmacology plat-
form of Chinese herbal medicines that captures the relationships 
between drugs, targets, and diseases,[14] as well as oral bioavail-
ability (OB), drug-likeness (DL), and other parameters that 
reflect the characteristics of ADME (absorption, distribution, 
metabolism, and excretion).[15] OB represents the percentage of 

https://tcmsp-e.com/tcmsp.php
https://tcmsp-e.com/tcmsp.php
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an orally administered dose of unchanged drug that reaches the 
systemic circulation, high OB value is often a key indicator to 
determine the drug-like properties of a bioactive molecule as a 
therapeutic agent.[16,17] DL is a qualitative concept used in drug 
design to estimate how “drug-like” a prospective compound is, 
the level of 0.18 can be used as the cutoff for the constituents 
of TCM.[18] According to the recommendations of TCMSP and 
previous studies, OB ≥ 30% and DL ≥ 0.18 were taken as the 
criteria for screening active compounds in TCM.

2.2. Acquisition of active compounds targets in 
ALRP-LSDS

The 3D structures of screened active compounds were searched 
and downloaded from the PubChem database (http://pubchem.
ncbi.nlm.nih.gov/),[19] which is an open chemistry database 

online and collects information on chemical structures, identifi-
ers, chemical and physical properties, etc. The download struc-
tures were imported into the online analysis tool PharmMapper 
(http://www.lilab-ecust.cn/pharmmapper/)[20] to obtain the pre-
dicted targets with a high normalized fit score (>0.9).[21] After 
merging the targets from TCMSP database and PharmMapper 
and removing the duplicate data, we finally obtained the com-
pound targets for ALRP-LSDS. UniProt database (https://www.
uniprot.org/),[22] was used to normalize the target’s name and 
collect the UniProt ID for further analysis. The species of target 
proteins were set to “Homo sapiens.”

2.3. Acquisition of HF targets

The keyword “heart failure” was searched in the 6 databases 
including the GeneCards database (https://www.genecards.org/, 

Figure 1.  Workflow for ALRP-LSDS against HF. ALRP-LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae Semen, HF = heart failure.

http://pubchem.ncbi.nlm.nih.gov/
http://pubchem.ncbi.nlm.nih.gov/
http://www.lilab-ecust.cn/pharmmapper/
https://www.uniprot.org/
https://www.uniprot.org/
https://www.genecards.org/
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ver. 5.0),[23] Online Mendelian Inheritance in Man (OMIM) 
(https://www.omim.org/, updated December, 2020),[24] 
DrugBank database (https://go.drugbank.com/),[25] PharmGKB 
database (https://www.pharmgkb.org/),[26] DisGeNET data-
base (https://www.disgenet.org/, DisGeNET v6 and v7),[27] and 
Therapeutic Target Database (TTD) (http://db.idrblab.net/
ttd/)[28] to obtain the disease targets.

Then, the overlapping targets after merging the com-
pound-related targets and disease-related targets were 
regarded as the potential targets of ALRP-LSDS for the treat-
ment of HF. UniProt database was used to normalize the tar-
get’s name and collect the UniProt ID for further analysis. 
Venn’s diagram was conducted by the online tool Venny 2.1.0. 
(https://bioinfogp.cnb.csic.es/tools/venny/index.html)[29] to 
visualize.

2.4. Construction of protein–protein interaction and 
MCODE module networks

The potential targets were imported into the online analysis tool 
STRING (https://string-db.org, ver. 11.0),[30] to find interactions 
between obtained potential targets. The organism was limited 
to “Homo sapiens” and an interaction score with medium con-
fidence (0.400) was set to analyze the protein–protein interac-
tion (PPI). Different colored edges represent different types of 
evidence.

Proteins with similar functions are usually clustered together 
to represent molecular biological units of function. Therefore, 
the function of proteins can be predicted by using the algorithm 
to analyze the network containing proteins with known and 
unknown functions.[31] Thus, we used MCODE, a plug-in of 
Cytoscape 3.7.0 to discover the density region of interaction in 
the PPI network without being affected by high false positives 
due to high flux technology.

2.5. Gene Ontology enrichment analysis and KEGG 
pathway analysis

Online analysis tool Metascape (http://metascape.org/gp/
index.html, updated September 16, 2020),[32] was used to per-
form Gene Ontology (GO) enrichment analysis and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis for the targets contained in the functional modules. 
Biological processes (BP), cellular components (CC), and 
molecular function (MF) were different parts included in the 
GO enrichment analysis. Metascape first identified all statis-
tically (P < .01) enriched terms (can be GO or KEGG terms), 

accumulative hypergeometric P values, and enrichment factors 
were calculated and used for filtering. The remaining signifi-
cant terms were then hierarchically clustered into a tree based 
on Kappa-statistical similarities among their gene member-
ships (similar to what is used in the NCI DAVID site). Then a 
0.3 kappa score was applied as the threshold to cast the tree 
into term clusters. The terms within each cluster were exported 
as enriched results named “Enrichment Analysis.” The results 
were visualized by R software (version 4.0.3) and RStudio 
software last.

2.6. Construction of networks

The networks were constructed and analyzed by Cytoscape 
3.7.0 software, including active compounds-targets net-
work (or compounds-targets network, C-T network); active 
compounds-potential targets network (or compounds-po-
tential targets network); pathways-targets network (or P-T 
network); active compounds-targets pathways (or com-
pounds-targets-pathways network, C-T-P network); hub tar-
gets network.

Table 1

Active compounds of ALRP-LSDS.

Mol ID Molecule name Herb OB (%) DL 

MOL002392 Deltoin ALRP 46.69 0.37
MOL002395 Deoxyandrographolide ALRP 56.30 0.31
MOL002397 Karakoline ALRP 51.73 0.73
MOL002398 Karanjin ALRP 69.56 0.34
MOL002401 Neokadsuranic acid B ALRP 43.10 0.85
MOL002410 Benzoylnapelline ALRP 34.06 0.53
MOL002416 Deoxyaconitine ALRP 30.96 0.24
MOL002419 (R)-Norcoclaurine ALRP 82.54 0.21
MOL002421 Ignavine ALRP 84.08 0.25
MOL002423 Jesaconitine ALRP 33.41 0.19
MOL000359 Sitosterol ALRP 36.91 0.75
MOL000538 Hypaconitine ALRP 31.39 0.26
MOL000354 Isorhamnetin LSDS 49.60 0.31
MOL000358 β-Sitosterol LSDS 36.91 0.75
MOL003907 Erysimoside LSDS 65.45 0.23
MOL003908 Cynotoxin LSDS 99.94 0.78
MOL003927 Dihomolinolenic acid LSDS 44.11 0.20
MOL000422 Kaempferol LSDS 41.88 0.24
MOL000098 Quercetin LSDS 46.43 0.28

ALRP-LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae Semen, 
DL = drug-likeness, OB = oral bioavailability.

Table 2

Potential targets of ALRP-LSDS for treating HF.

No. Target No. Target No. Target No. Target No. Target No. Target 

1 ABCG2 16 CES1 31 FOS 46 MAPK1 61 PPARG 76 TGFBR2
2 ADRB2 17 CFD 32 GBA 47 MMP1 62 PTEN 77 THBD
3 AKT1 18 CHRM2 33 GJA1 48 MMP2 63 PTGS2 78 TNF
4 ALB 19 CHRM4 34 HIF1A 49 MMP3 64 PYGM 79 TP53
5 ALOX5 20 COL1A1 35 HMOX1 50 MMP9 65 RAF1 80 TTR
6 APOA2 21 COL3A1 36 ICAM1 51 MPO 66 RASA1 81 VCAM1
7 AR 22 CRP 37 IFNG 52 NFE2L2 67 SCN5A 82 VEGFA
8 BCHE 23 CXCL8 38 IGF2 53 NOS2 68 SELE 83 XDH
9 BMP2 24 CYP19A1 39 IL10 54 NOS3 69 SERPINE1   
10 CALM1 25 CYP3A4 40 IL1B 55 NR3C2 70 SOD1   
11 CASP3 26 EGFR 41 IL2 56 OLR1 71 SPP1   
12 CASP8 27 ESR1 42 IL6 57 PDE3A 72 SRC   
13 CAV1 28 F2 43 INSR 58 PLAT 73 STAT1   
14 CCL2 29 F3 44 KCNH2 59 PON1 74 TGFB1   
15 CD40LG 30 F7 45 LCN2 60 PPARA 75 TGFBR1   

ALRP-LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae Semen, HF = heart failure.

https://www.omim.org/
https://go.drugbank.com/
https://www.pharmgkb.org/
https://www.disgenet.org/
http://db.idrblab.net/ttd/
http://db.idrblab.net/ttd/
https://bioinfogp.cnb.csic.es/tools/venny/index.html
https://string-db.org
http://metascape.org/gp/index.html
http://metascape.org/gp/index.html
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2.7. Screening of hub targets

The Cytohubba plug-in of Cytoscape 3.7.0 was used to further 
screen the 51 targets contained in 20 enriched pathways. The 
plug-in uses the MCC method, which is more likely to capture 
more essential proteins at the top of the list[33] to score 51 targets 
and displays the top 10 scoring targets as the hub targets of the 
network.

2.8. Molecular docking

Molecular docking is to simulate the binding process of 2 or 
more molecules based on the “lock and key principle,” which 
has been widely used in the docking of small molecules and 
proteins.

Combined with the results of PPI analysis, MCODE module 
analysis, pathway enrichment analysis, and hub target screening, 
merged with the 3 key targets with a higher degree in the C-T-P 
network. The overlapping targets were screened as receptors to 
dock with 19 active compounds in ALRP-LSDS. Download PDB 
files for the crystal structure of receptors and MOL2 files for 
the structure of active compounds (ligands) from the Research 
Collaboratory for Structural Bioinformatics Protein Data Bank 
(https://www.rcsb.org)[34] database and the TCMSP database 
separately. Autodock Vina was used to conduct molecular dock-
ing between active compounds and receptors,[35] and the ability 
of binding between active compounds and key targets were ini-
tially evaluated. PyMOL (V2.x) and DS Visualizer 2021 were 
used for visualization.[36]

The steps are as follows

2.8.1. Preprocessing of receptor and ligand.  Auto dock tools 
(ADT, v1.5.6) were used to preprocess the receptor and ligand, 
and the center and size of the Gridbox were determined as 
well. Processing of ligand included adjusting charges, detecting 
root, and choosing torsions. Then, it was saved as pdbqt file 
for docking. PyMOL (V2. X) was used to remove solvent from 
the receptor. Then, the protein and the original ligand structure 
of the receptor were extracted and saved as PDB format files 
respectively, which were imported into ADT for pretreatment. 
The preprocess included adding hydrogens, computing Gasteiger, 
and assigning AD4 type. Then saved processed protein as pdbqt 
file for docking. Treatment of the original ligand is the same as 
that of the docking ligand.

2.8.2. Setting of the configuration file.  The ligand expansion 
method was used to conduct semiflexible docking, and the Grid 
Box was set according to the location of the original ligand. 
Parameters such as energy range, exhaustiveness, and the 
number of modes were default.[37]

2.8.3. Analysis of docking result.  The result with the lowest 
binding energy was selected as the result to further analyze 
the H-bond and π-π/π-H interaction. The ligand and receptor 
binding can form a stable structure if they are bound to 1 or more 
residues by the H-bond, π-H bond, or π-π bond, and participate 
in a conformational change, energy complementation, and other 
processes.[38]

3. Results

3.1. Active compounds of ALRP-LSDS

A total of 133 compounds were retrieved from the TCMSP data-
base, 33 of which met the screening conditions of OB ≥ 30% and 
DL ≥ 0.18. A total of 19 active compounds with the accurate 3D 
structure were screened in the PubChem database, 12 active com-
pounds of which belonged to ALRP, and 7 belonged to LSDS. 
Among the 14 compounds removed, 10 were lacking precise 3D 
structural information and the other 4 were not found (Table 1).

3.2. Screened and predicted targets of ALRP-LSDS

There were 18 screened targets and 79 predicted targets of ALRP, 
and 92 targets were obtained after merging and removing dupli-
cate targets. There were 194 screened targets and 70 predicted 
targets of LSDS, and a total of 245 targets were obtained after 
merging and removing duplicates. Finally, 261 targets of active 
compounds of ALRP-LSDS were obtained. Of the 14 active 
compounds removed, relative targets of 10 compounds were 
not retrieved in the TCMSP database (Table S1, Supplemental 
Digital Content, http://links.lww.com/MD/G996).

3.3. Potential targets of ALRP-LSDS for treating HF

A total of 1260 targets related to HF were retrieved in 6 databases, 
48 targets of which were obtained from the DrugBank database, 
20 from the OMIM database, 13 from the PharmGKB database, 
22 from the TTD database, 809 from the GeneCards database, 
and 248 from DiGeNET database. A total of 1117 targets were 
screened after merging and removing duplicate targets. Finally, 83 
overlapping targets were obtained after merging 261 compound 
targets and 1117 HF-related targets, which were regarded as the 
potential targets of ALRP-LSDS for treating HF (Table 2, Fig. 2).

Figure 2.  Venn’s diagram of ALRP-LSDS for treating HF. The blue circle rep-
resents compound targets of ALRP-LSDS, which contains 261 targets. The 
yellow circle represents disease targets of HF, which contains 1117 targets. 
The overlapping part of 2 circles represents the potential targets of ALRP-
LSDS for treating HF, which contains 83 targets. ALRP-LSDS  =  Aconiti 
Lateralis Radix Praeparata and Lepidii Semen Descurainiae Semen, 
HF = heart failure.

Table 3

Functional modules of PPI network.

Module 
Average 

score Nodes Edges Node IDs 

1 24.30 39 656 IL10, HIF1A, SRC, CASP3, VEGFA, 
ALB, TP53, SPP1, CXCL8, 
PPARG, EGFR, ESR1, AKT1, 
IL1B, ICAM1, NOS3, IL6, TNF, 
FOS, MAPK1, HMOX1, MMP2, 
TGFB1, SERPINE1, MPO, CCL2, 
IL2, IFNG, CRP, VCAM1, MMP3, 
MMP1, NOS2, SELE, CAV1, 
CASP8, STAT1, PTGS2, MMP9

2 18.07 12 20 PTEN, AR, GJA1, IGF2, NFE2L2, F2, 
COL1A1, SOD1, F3, CD40LG, 
BMP2, THBD

3 10.18 3 3 COL3A1, TGFBR1, TGFBR2

PPI = protein–protein interaction.

https://www.rcsb.org
http://links.lww.com/MD/G996
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3.4. Construction of PPI and MCODE module networks

The PPI network contained 83 nodes and 1266 edges, each node 
represented a target, each edge represented correlation evidence 
between 2 targets, and edges of different colors represented dif-
ferent types of correlation evidence. Disconnected nodes were 
not found, indicating there were direct or indirect interactions 
among the 83 potential targets.

Three modules were obtained from the PPI network through 
MCODE analysis. Module 1 contained 39 nodes and 656 edges, 
module 2 contained 12 nodes and 20 edges, and module 3 con-
tained 3 nodes and 3 edges. Modules with higher average scores 
might play more important roles in the PPI network. So module 
1 was more important with the highest score of 24.30 (Table 3, 
Fig. 3).

3.5. GO enrichment analysis and KEGG pathway analysis

Metascape was used to perform GO enrichment analysis and 
KEGG pathway analysis on 54 targets contained in the 3 mod-
ules obtained from the PPI network. They were highly enriched 
in 4692 BP, 426 MF, 305 CC, and 359 KEGG pathways with 
P  <  .01, which could deepen our understanding of targets’ 
function at different levels. The more important BP was pos-
itive regulation of cell migration (P  =  5.89E−30), response to 
wounding (4.78E−29), response to lipopolysaccharide (1.35E−28), 
and reactive oxygen species metabolic process (3.31E−28). The 
more important MF was cytokine receptor binding (5.75E−20). 
Membrane raft (5.13E−17) was the most important CC (Tables 4, 
5, and 6, Fig. 4).

Figure 3.  PPI and MCODE module networks of potential targets. (A) PPI network of 83 potential targets, contains 83 nodes and 1266 edges. (B) Module 1 
of the PPI network, includes 39 nodes and 656 edges. (C) Module 2 of the PPI network, includes 12 nodes and 20 edges. (D) Module 3 of the PPI network, 
includes 3 nodes and 3 edges. PPI = protein–protein interaction.
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Table 4

GO biological processes.

GO Description Count % P value

GO:0030335 Positive regulation of cell migration 26 48.15 5.89E–30 
GO:0009611 Response to wounding 27 50 4.7863E–29
GO:0032496 Response to lipopolysaccharide 22 40.74 1.34896E–28
GO:0072593 Reactive oxygen species metabolic process 21 38.89 3.31131E–28
GO:0010035 Response to inorganic substance 24 44.44 1.1749E–26
GO:0050673 Epithelial cell proliferation 22 40.74 2.04174E–25
GO:0071407 Cellular response to organic cyclic compound 22 40.74 1.86209E–24
GO:0097190 Apoptotic signaling pathway 23 42.59 2.51189E–24
GO:0033002 Muscle cell proliferation 18 33.33 3.31131E–24
GO:0030155 Regulation of cell adhesion 24 44.44 5.88844E–24
GO:1901699 Cellular response to nitrogen compound 23 42.59 1.69824E–23
GO:0008285 Negative regulation of cell proliferation 24 44.44 2.75423E–23
GO:0010942 Positive regulation of cell death 23 42.59 2.39883E–22
GO:0009991 Response to extracellular stimulus 21 38.89 2.63027E–22
GO:0007565 Female pregnancy 15 27.78 1.90546E–20
GO:0070482 Response to oxygen levels 18 33.33 2.13796E–20
GO:0009612 Response to mechanical stimulus 14 25.93 2.69153E–18
GO:0048545 Response to steroid hormone 16 29.63 3.16228E–18
GO:0002521 Leukocyte differentiation 18 33.33 5.12861E–18
GO:0008015 Blood circulation 18 33.33 6.76083E–18

GO = gene ontology.

Table 5

GO Molecular function.

GO Description Count % P value 

GO:0005126 Cytokine receptor binding 16 29.63 5.7544E–20
GO:0005178 Integrin binding 9 16.67 8.51138E–12
GO:0002020 Protease binding 8 14.81 2.29087E–10
GO:0032813 Tumor necrosis factor receptor superfamily binding 5 9.26 3.54813E–08
GO:0019902 Phosphatase binding 7 12.96 9.33254E–08
GO:0030235 Nitric-oxide synthase regulator activity 3 5.56 2.34423E–07
GO:0020037 Heme binding 6 11.11 2.75423E–07
GO:0008134 Transcription factor binding 10 18.52 3.63078E–07
GO:0046332 SMAD binding 5 9.26 4.46684E–07
GO:0019904 Protein domain-specific binding 10 18.52 9.54993E–07
GO:0004252 Serine-type endopeptidase activity 6 11.11 9.54993E–07
GO:0008289 Lipid binding 10 18.52 2.29087E–06
GO:0016209 Antioxidant activity 4 7.41 2.34423E–05
GO:0031406 Carboxylic acid binding 5 9.26 7.24436E–05
GO:0042379 Chemokine receptor binding 3 5.56 0.000338844
GO:0033613 Activating transcription factor binding 3 5.56 0.000501187
GO:0008047 Enzyme activator activity 6 11.11 0.000537032
GO:0005539 Glycosaminoglycan binding 4 7.41 0.001096478

GO = gene ontology.

Table 6

GO cellular components.

GO Description Count % P value 

GO:0045121 Membrane raft 15 27.78 5.13E–17
GO:0031012 Extracellular matrix 12 22.22 6.92E–10
GO:0031093 Platelet alpha granule lumen 5 9.26 1.95E–07
GO:0098552 Side of membrane 10 18.52 2.82E–07
GO:0005788 Endoplasmic reticulum lumen 7 12.96 2.09E–06
GO:0098797 Plasma membrane protein complex 9 16.67 6.61E–06
GO:0048471 Perinuclear region of cytoplasm 9 16.67 9.77E–06
GO:0005912 Adherens junction 7 12.96 9.12E–05
GO:0090575 RNA polymerase II transcription factor complex 4 7.41 0.000245
GO:0099568 Cytoplasmic region 6 11.11 0.000417
GO:0030139 Endocytic vesicle 4 7.41 0.00309
GO:0032993 Protein–DNA complex 3 5.56 0.007244
GO:0031968 Organelle outer membrane 3 5.56 0.00871

GO = gene ontology.
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The results of the KEGG pathway analysis showed that 
the AGE-RAGE signaling pathway in diabetic complications 
(2.63E−43), the pathways in cancer (1.55E−38), and the fluid 
shear stress and atherosclerosis (1.12E−30) pathway were 
more important of ALRP-LSDS for treating HF (Table  7). 
In addition, 51 potential targets were enriched on the 20 
enriched pathways (Figs.  5 and 7). Pathways and targets 
relationships were shown in the pathways-targets network, 
indicating pathways could work with each other through 
their common targets.

3.6. Network analysis

A total of 19 compounds and 261 targets were used to construct 
the active compounds-potential targets network of ALRP-LSDS. 
The network contained 280 nodes and 720 edges, showing the 
relationship network of active compounds and their interactive 
targets. The compounds with higher degrees included querce-
tin (degree = 163), kaempferol (degree = 72), and β-sitosterol 
(degree  =  55), indicating they might be the main active com-
pounds of ALRP-LSDS for the treatment of various diseases 
(Fig. 6).

A total of 19 compounds and 83 potential targets were used to 
construct the active compounds-potential targets network. The 
network contained 102 nodes and 227 edges, which showed the 
relationship between active compounds and potential targets of 
ALRP-LSDS for treatment of HF more clearly, compared with 
the active compounds-targets network. Quercetin (degree = 63), 
kaempferol (degree = 26), β-sitosterol (degree = 15), and deltoin 
(degree = 15) were connected with more targets according to the 

degree, indicating these compounds might be more important in 
the network (Fig. 7).

A total of 19 compounds, 51 enriched targets, and 20 KEGG 
pathways were used to construct the active compounds-tar-
gets-pathways network. The network contained 92 nodes and 
380 edges. Pathways in cancer (degree = 31), AGE-RAGE sig-
naling pathway in diabetic complications (degree = 23), Fluid 
shear stress and atherosclerosis (degree = 19) pathways might 
be the main pathways of ALRP-LSDS for the treatment of HF, 
which was consistent with the results of pathway enrichment 
analysis (Fig. 8).

3.7. Screening of hub targets

Ten hub targets were screened from 51 targets enriched by 20 
KEGG pathways using the CytoHubba plug-in. The 10 hub tar-
gets were IL6, TNF, VEGFA, AKT1, PTGS2, CXCL8, MMP9, 
CCL2, CASP3, and MAPK1 in descending order of scores 
(Table 8 and Fig. 9). In addition, the 10 hub targets were all 
included in the targets enriched on 3 main pathways, indicating 
the 3 main pathways might play an important role in ALRP-
LSDS for treating HF, which was consistent with the results of 
pathway analysis and network analysis.

3.8. Molecular docking

Panalysis results showed that the targets MAPK1 (degree = 24), 
CASP3 (degree = 18), and AKT1 (degree = 16) with a high degree 
of freedom were more important in the active compounds-tar-
gets-pathways network, which were also included in the module 

Figure 4.  GO and KEGG analysis of targets in 3 clustered modules. (A) Biological process. (B) Molecular function. (C) Cellular component. (D) KEGG pathway. 
Y-axis shows significantly enriched categories of the targets and the x-axis shows the count of enriched targets of enriched categories (P<.01). The color of the 
columns represents the P value of enriched categories, the redder the column color, the smaller the P value. GO = gene ontology, KEGG = Kyoto Encyclopedia 
of Genes and Genomes.
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1 and the AGE-RAGE signaling pathway in diabetic complica-
tions. In addition, human crystal structures containing co-crys-
tal ligands of 3 targets were also found in the PDB database. 
Therefore, AKT1 (PDB ID: 4EJN), CASP3 (PDB ID: 2XYH), and 
MAPK1 (PDB ID: 5NHV) were finally selected as docking recep-
tors with 19 active compounds of ALRP-LSDS, respectively. The 
docking ligand and original ligand were almost identical among 
the 3 receptors, indicating the rationality of docking parameters 
and the reliability of docking results (Fig. 10). Docking results 
were shown in Table  9. The negative binding energy indicated 
the active compounds of ALRP-LSDS could bind to AKT1, 
CASP3, and MAPK1 spontaneously. Ten active compounds 
showed a good binding ability to key targets, such as β-sitos-
terol (−10.8 kcal·mol), karanjin (−10.2 kcal·mol), isorhamnetin 
(−9.7 kcal·mol), etc, of which 5 belonged to ALRP and 5 belonged 
to LSDS. In addition, AKT1 showed a better binding ability to 
active compounds compared with the other 2 key targets. β-Sit-
osterol combined better with MAPK1 and AKT1, while karan-
jin combined better with CASP3. According to the formation of 
chemical bonds (mainly H-bonds, π-π or π-H bond), the binding 
between β-sitosterol, karanjin, isorhamnetin, deltoin, quercetin, 
deoxyandrographolide, kaempferol, (R)-norcoclaurine and key 
targets is more stable. Two H-bonds were formed between β-sit-
osterol and Asn204, Ser205 residues of AKT1. Karanjin forms an 
H-bond with Ser205 residue of AKT1 and 2 π-π bonds with Trp80 
and Tyr272 residues. Isorhamnetin forms 2 H-bonds with Thr211 
and Gln79 residues, and 1 π-π stacking with Trp80 residue. Two 
H-bonds were formed between Deltoin and Arg273, Thr82 res-
idues of AKT1. Four H-bonds were formed between Quercetin 

and Ser272, Asn54, Ser205, Thr211 residues, and 1 π-π stacking 
was formed between Quercetin and Trp80 residue. There were 2 
H-bonds between deoxyandrographolide and Ser205, Thr82 res-
idues of AKT1. Kaempferol formed 2 H-bonds with Ser205 and 
Asp292 residues of AKT1 and formed 1 π-π stacking with Trp80 
residue. Two H-bonds were formed between (R)-norcoclaurine 
and Thr291, Asp292 residues of AKT1 (Fig. 11).

In addition, by comparing the docking ability of core targets 
MAPK1, CASP3, and AKT1 with their original ligands and 
active compounds, we found that the binding ability of β-sit-
osterol to MAPK1, and karanjin to CASP3 were better than its 
original ligand (Table 10).

4. Discussion
The results showed that β-sitosterol, karanjin, isorhamnetin, 
quercetin, deltoine, kaempferol, dehydroandrographolide, and 
(R)-noraconitine all formed H-bonds with the key targets. In 
addition, karanjin, isorhamnetin, quercetin, kaempferol, and 
(R)-noraconitine also formed a π-π bond with the key targets. 
The bond between the 8 active compounds with key targets is 
more stable, indicating the 8 compounds might be the main 
active compounds of ALRP-LSDS for treating HF.

The efficacy of ALRP-LSDS for treating HF has been verified 
by experiments.[39,40] The compound β-sitosterol is one of the alco-
hols of LSDS, while isorhamnetin, quercetin, and kaempferol are 
all flavonoids, which are the main components of LSDS. Quercetin 
has the highest content in flavonoids.[41–43] Studies have shown that 
quercetin can inhibit myocardial hypertrophy and the mechanism 

Figure 5.  Pathways-targets network of KEGG pathway analysis. The yellow rectangles represent the 20 pathways obtained in enrichment results, the blue 
triangles represent targets on 20 enriched pathways, and the edges represent interactions among targets and pathways. KEGG = Kyoto Encyclopedia of Genes 
and Genomes.
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may be related to the activation of GSK-3β and proteasome activity 
by inhibiting the activity of Akt.[44,45] Kaempferol can inhibit car-
diomyocytes apoptosis and the oxidative stress of hypoxic cardio-
myocytes.[46,47] Isorhamnetin has cardiovascular protective effects 
such as dilating coronary artery,[48] suppressing the thrombosis and 
platelet aggregation.[49] The alcohols of LSDS can enhance myocar-
dial contractility, suppress heart rate, and improve cardiovascular 
function, which may be closely related to improving oxidative stress 
imbalance and preventing over activation of the neuroendocrine 
system.[39,50]

The other 4 active compounds, karanjin, deltoine, deoxyan-
drographolide, and (R)-noraconitine were derived from ALRP. 
The main components of ALRP include alkaloids, flavonoids, 
saponins, etc. The alkaloids of ALRP benefit cardiovascular dis-
eases.[51] (R)-noraconitine belongs to the alkaloids of ALRP,[52] 
which can be used as a β-adrenergic receptor agonist to activate 

the β-adrenergic receptor and exert a cardiotonic effect.[53] 
Although karanjin, deltoine, and dehydroandrographolide are 
also important compounds with good binding ability, their influ-
ence on the treatment of HF has not been reported nowadays 
and further research is necessary. In addition, the cardiotonic 
effect of karakoline, hypaconitine, deoxyaconitine, and other 
alkaloids have been reported[52] although their binding ability is 
relatively poor (supplementary Tables S2 and S3, Supplemental 
Digital Content, http://links.lww.com/MD/G996).

The target MAPK1, CASP3, and AKT1 were critical tar-
gets of ALRP-LSDS in treating HF shown in this study. AKT 
(also known as protein kinase B, PKB) is a serine threonine 
kinase, which seems to be in the critical position between 
various stimulants and effectors related to heart function in 
normal and diseased hearts. It can regulate the growth, sur-
vival, metabolism, gene expression, and contractility of the 

Figure 6.  Active compounds-targets network of ALRP-LSDS. Red arrows represent active compounds of ALRP-LSDS. Green circles represent targets of 
ALRP-LSDS. Edges represent the interaction between active compounds and targets. ALRP-LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen 
Descurainiae Semen.

http://links.lww.com/MD/G996
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heart.[54,55] AKT1, one of the subtypes of AKT, is the most 
abundant and most focused subtype of AKT and is widely 
expressed in the brain, heart, and lung.[56,57] The functions 
of AKT1 such as promoting the growth and proliferation 
of cardiomyocytes,[58,59] promoting physiological myocardial 
hypertrophy, resisting pathological myocardial hypertro-
phy,[60] improving systolic function, inhibiting cardiomyo-
cyte apoptosis, and strengthening cardiac repair have been 
proved already.[61] Therefore, regulating the activation of 
AKT1 may delay REM and improve the prognosis of HF.

CASP3 is a key protease in apoptosis and plays a key role in the 
cascade of apoptotic proteases.[62] Activated AKT can phosphor-
ylate proapoptotic factor bad of the B-cell lymphoma-2 (Bcl-2) 
family, which can bind to 14-3-3 protein in the cytoplasm to free 
antiapoptotic Bcl-2 or B-cell lymphoma extra large (Bcl-XL), 
thereby preventing the change of mitochondrial membrane per-
meability and the release of endogenous mitochondrial apop-
totic factor, prevent apoptosis factor activated Caspase-3/6/7 
(cysteiny aspartate-specific protein-6/cysteiny aspartate-specific 
protein-7), plays an antiapoptotic role.[63] Previous experiments 
showed that Fuxin decoction could upregulate the expression of 
Bcl-2 protein,[64] to block the process of apoptosis, protect car-
diomyocytes and delay REM and play a therapeutic role.

MAPK1 (also known as mitogen-activated protein kinase 1, 
ERK2) is an important part of the MAP kinase signal transduc-
tion pathway. MAPK1 plays an important role in the MAPK/
ERK cascade, which regulates cell growth, development, 

division, and other physiological and pathological processes 
as well as inflammatory reactions through the MAPK signal-
ing pathway.[65,66] Our study showed that the Fuxin mixture can 
inhibit the expression of Raf, MEK, and ERK, thereby interven-
ing in the process of REM through Raf/MEK/ERK pathway and 
delaying the development of HF.[7]

The results of pathway analysis showed that the 3 pathways 
with high enrichment degree were the AGE-RAGE signaling 
pathway in diabetic complications, Pathways in cancer, Fluid 
shear stress, and atherosclerosis. The 3 pathways contain 10 
hub targets, all of which contain the key target AKT1.

The results of pathway analysis indicated the important 
pathways were the AGE-RAGE signaling pathway in diabetic 
complications, Pathways in cancer, and Fluid shear stress and 
atherosclerosis. All of the 3 pathways contained 10 hub targets, 
especially the key target AKT1.

AGE (advanced glycation end products) bind to RAGE 
(receptor for advanced glycation end products) elicits activation 
of multiple intracellular signal pathways involving NADPH oxi-
dase, protein kinase C, and MAPKs, then resulting in NF-kappaB 
activity. NF-kappa B promotes the expression of proinflamma-
tory cytokines such as IL1, IL6, and TNF-alpha and a variety 
of atherosclerosis-related genes, including VEGF, RAGE, etc. In 
addition, JAK-STAT-mediated and PI3K-Akt-dependent path-
ways are induced via RAGE, which in turn participate in cell 
proliferation and apoptosis respectively.[67] These 2 pathways 
were also enriched with P < .01. Besides, the experimental results 

Figure 7.  Active compounds-potential targets network of ALRP-LSDS for treating HF. The red arrows represent active compounds of ALRP-LSDS. Blue 
triangles represent potential targets of ALRP-LSDS for the treatment of HF. Edges represent the interaction between compounds and potential targets. ALRP-
LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae Semen, HF = heart failure.
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also indicated that Fuxin Decoction and Qiliqiangxin capsule 
contained ALRP-LSDS could reduce mitochondrial-dependent 
myocardial apoptosis induced by oxidative stress through PI3K/
Akt/GSK-3β signaling pathway,[68] played a role in myocardial 
protection, which was beneficial to improve REM and delay the 
process of HF.

Besides, AGEs are also important in the occurrence and devel-
opment of HF.[69] It may inhibit cardiomyocyte apoptosis and 
delay REM by reducing the absorption of glucose, reducing the 
generation of AGEs in vivo. The DAPA-HF study showed that 
dagliazin, a sodium glucose cotransporter 2 inhibitor (SGLT-2i), 
reduced hospitalization rate and overall mortality of HF/cardio-
vascular death in HF patients with reduced ejection fraction, in 
both diabetic and nondiabetic patients.[70] In addition, the use of 
SGLT-2 inhibitors was also recommended in HF patients with 
or without type 2 diabetes by the latest guidelines.[71] Therefore, 

Figure 8.  Active compounds-targets-pathways network of ALRP-LSDS for treating HF. The red arrows represent active compounds of ALRP-LSDS. Blue 
triangles represent potential targets enriched on 20 KEGG pathways. Yellow round rectangles represent 20 KEGG pathways. Edges represent interaction 
among active compounds, targets, and pathways. ALRP-LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae Semen, HF = heart failure, 
KEGG = Kyoto Encyclopedia of Genes and Genomes.

Table 8

Top 10 hub targets.

Rank Name Score Rank Name Score 

1 IL6 2.56E+22 6 CXCL8 2.56E+22
2 TNF 2.56E+22 7 MMP9 2.56E+22
3 VEGFA 2.56E+22 8 CCL2 2.56E+22
4 AKT1 2.56E+22 9 CASP3 2.56E+22
5 PTGS2 2.56E+22 10 MAPK1 2.56E+22

Figure 9.  Network of 10 hub targets. The round rectangles represent hub 
targets, the redder the rectangle color, the higher the rank. Edges represent 
interactions among hub targets.
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the regulation of blood glucose and related pathways may ben-
efit the treatment of HF.

The shear stress represents the friction exerted by the blood 
flow on the endothelial surface of the vascular wall, plays a cen-
tral role in vascular biology, and contributes to the development 
of atherosclerosis. With disturbed blood flow and associated 
reciprocating, low shear stress often upregulate endothelial cell 
(EC) genes and proteins, thereby promoting the oxidation and 

inflammation of the arterial wall, leading to atherosclerosis.[72] 
When ischemia and infarction occur, atherosclerotic plaques 
cause REM,[73] which may ultimately lead to the development 
of HF. Therefore, the intervention of this pathway may improve 
cardiovascular function and prevent HF thereby.

The Pathways in cancer appear no direct business with HF. 
But the targets enriched in this pathway, including AKT1, 

Figure 10.  Comparison of the fitness of original ligand and docking ligand 
of key targets. (A) MAPK1 docking with 8QB. (B) CASP3 docking with TQ9. 
(C) AKT1 docking with 0R4. The green small molecule represents the original 
ligand, the blue small molecule represents the best conformation of the dock-
ing ligand. The pink molecule represents receptor protein targets.

Figure 11.  Docking of active compounds from ALRP-LSDS for treating HF 
and key targets. (A) AKT1 and β-sitosterol. (B) AKT1 and karanjin. (C) AKT1 
and isorhamnetin. (D) AKT1 and sitosterol. (E) AKT1 and deltoin. (F) AKT1 
and quercetin. (G) AKT1 and deoxyandrographolide. (H) AKT1 and kaemp-
ferol. (I) AKT1 and (R)-norcoclaurine. (J) MAPK1 and β-sitosterol. ALRP-
LSDS = Aconiti Lateralis Radix Praeparata and Lepidii Semen Descurainiae 
Semen, HF = heart failure.

Table 9

Results of docking between active compounds and key targets.

Compound 

Binding 
energy 

(kcal mol) Target Herb 
Hydrogen 
bond 

π-π/
π-H 
bond 

β-Sitosterol −10.8 AKT1 LSDS Yes –
Karanjin −10.2 AKT1 ALRP Yes Yes
Isorhamnetin −9.7 AKT1 LSDS Yes Yes
Sitosterol −9.6 AKT1 ALRP – –
Deltoin −9.5 AKT1 ALRP Yes –
Quercetin −9.4 AKT1 LSDS Yes Yes
Deoxyandrographolide −9.2 AKT1 ALRP Yes –
Kaempferol −9.2 AKT1 LSDS Yes Yes
(R)-Norcoclaurine −9.1 AKT1 ALRP Yes Yes
β-Sitosterol −9.1 MAPK1 LSDS – –

ALRP = Aconiti Lateralis Radix Praeparata, LSDS = Lepidii Semen Descurainiae Semen.
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CASP3, MAPK1, EGFR, and IL6, can participate in many BP, 
such as apoptosis and inflammatory response, and play a role 
in HF and cancer progression.[74] Therefore, the Pathways in 
cancer may participate in REM through the regulation of these 
common BP, then affect the occurrence and development of HF.

In addition, previous experiments also confirmed that Fuxin 
decoction could benefit HF treatment by activating the cAMP 
signaling pathway[9] and reducing the level of TNF-α,[75] which 
is consistent with the results of this study. Therefore, the net-
work pharmacology approach is scientific and reliable.

5. Conclusion
The β-sitosterol, isorhamnetin, quercetin, kaempferol, and 
(R)-noraconitinemain may be the main active compounds 
of ALRP-LSDS for the treatment of HF. The key targets of it 
include AKT1, MAPK1, and CASP3, and the main pathways of 
it include the AGE-RAGE signaling pathway in diabetic compli-
cations, Pathways in cancer, and Fluid shear stress and athero-
sclerosis. The functions of ALRP-LADS on delaying REM and 
treating HF may play through multi-compounds, multi-targets, 
and multi-pathways, which require further research to confirm.
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