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Abstract
Background Many experiments showed that Notopterygii Rhizoma Et Radix (NRR) can resist arrhythmia,
but the mechanism of its action has not clear. Here, we investigated the possible mechanisms of NRR by
network pharmacology and molecular docking and veri�ed them experimentally.

Methods Active componds and targets of NRR were retrieved by the Traditional Chinese Medicine
Systems Pharmacology (TCMSP) Database andAnalysis Platform, SymMap, and the Encyclopedia of
Traditional Chinese Medicine (ETCM) databases. Arrhythmia-related targets were acquired from
Comparative Toxicogenomics Database (CTD) and GeneCards databases. Overlapping targets of NRR
associated with arrhythmia were acquired via Venn diagram. DAVID was applied for GO and KEGG
pathway analyses. Cytoscape software and its plug-in were used for PPI network construction, module
division and hub nodes screening. AutoDock Vina and qRT-PCR were carried out for validation.

Results The 21 active compounds and 57 targets were obtained. Of these, coumarin was the predominant
category including 15 components and 31 targets. The 5 key targets of NRR in treating arrhythmia, and
these targets are involved in the apoptotic process, extrinsic apoptotic signaling pathway in absence of
ligand, endopeptidase activity involved in apoptotic process by cytochrome c. The main pathways are
p53 signaling pathway, Hepatitis B and Apoptosis. The results of molecular docking and qRT-PCR display
good effect on hub node regulation in NRR treatment.

Conclusion NRR plays an important role in anti-apoptotic mediated by modulating p53 signaling
pathway, which may provide insight into future research and clinical applications in arrhythmia therapy.

1. Background
Ventricular arrhythmias are a major cause of morbidity and mortality in patients with heart disease[1]. It
can be manifested as asymptomatic premature ventricular contractions (PVCs) or non-sustained
ventricular tachycardia (VT), and its symptoms are arrhythmia, or continuous ventricular tachycardia,
with mild symptoms to complete hemodynamics collapse[2–3]. Conventional treatments for ventricular
arrhythmia include antiarrhythmic drugs, catheter ablation or embedded cardioversion de�brillator;
However, the adverse effects of de�brillation on physical and emotional and the huge toxicity and limited
e�cacy of anti-arrhythmia limit its application[3]. Moreover, quanti�able and molecular-based systems
biology approaches are proposed [4].

High-quality datasets, combined with the results of genetic, genomic or other molecular analyses and
complementing the work of experimental systems, ideally of human origin, can model functional
consequences[5–8], which may characterize the potentially deleterious changes or interventions that
affect disease phenotypes[9–10]. Network pharmacology could integrate these datasets through
complicated interaction network[11–12], and elucidate the mechanisms of interventions from the system
level.
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Traditional Chinese Medicine (TCM) has been widely used since ancient civilization, and it has become
one of the main forms of alternative medicine in East Asia, North America, and Europe[13]. Chinese herbal
medicine acts on multiple targets through multiple pathways, which is very similar to the multiple
pathways and multiple levels of network pharmacology[14–15]. Notopterygii Rhizoma et Radix (NRR), as
an important constituent of traditional Chinese medicine [16], derived from the dried roots and rhizomes
of Notopterygium incisum Ting ex H. T. Chang (N. incisum) and Notopterygium franchetii H. de Boiss. (N.
franchetii), belonging to Apiaceae [17]. Many experiments showed that NRR can resist arrhythmia[18–20],
however, its mechanisms is still unclear. Here, we use various publicly available bioinformatics resources
to investigate the potential pharmacological mechanisms of NRR in arrhythmia treatment.

2. Materials And Methods

1.1 Screening of Active Ingredients
Traditional Chinese Medicine Systems Pharmacology (TCMSP, https://tcmspw.com/index.php) Database
and Analysis Platform, SymMap (http://www.symmap.org/), the Encyclopedia of Traditional Chinese
Medicine (ETCM, http://www.tcmip.cn/ETCM/index.php/Home/Index/) Databases were searched for
collect the chemical compounds of NRR [21–23]. The effective compounds �ltered based on the
pharmacokinetic properties, including oral bioavailability (OB) ≥30% and drug-likeness (DL) index ≥0.18.
Furthermore, Two/Three-dimensional (2/3D) structure, canonical smiles and PubChem ID of the active
compounds were acquired using PubChem (https://pubchem.ncbi.nlm.nih.gov/) database. The resulting
data was standardized via Universal Protein Database (UniProt, https://www.uniprot.org/) database.

1.2 Identi�cation of Arrhythmia-associated Targets and
Collection of Putative Target Proteins
Comparative Toxicogenomics Database (CTD, http://ctdbase.org/)[24] and GeneCards (https://www.gene
cards.org/)[25] databases were applied to identify potential targets related to arrhythmia, including
ventricular premature beat (VPB), VT and ventricular �brillation(Vf). Arrhythmia-associated genes were
screened using scores >50% of CTD and 30% of GeneCards as cutoffs, respectively. The candidate
targets of NRR and arrhythmia were further used and pooled for Venn analysis to obtain the targets of
NRR-achieved anti-arrhythmia.

1.3 Constrction of Protein-Protien Interaction (PPI) Network
and Topological Analysis
The merged targets of NRR and arrhythmia were used to construct a PPI network via search tool for
recurring instances of neighbouring genes (STRING) database (v11.5) (https://www.string-db.org/) with
the active interaction sources from textmining, experiments, databases, co-expression, neighborhood and
gene fusion, and the raw data saved as tab separated values (TSV) format. The AnalyzeNetwork tool of
Cytoscape 3.8.2 was used to calculate the topological parameter [26]. The plug-in-MCODE (molecular
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complex detection) was used for module division; and CytoHubba was applied to detect the core targets
based on the maximal cluque centrality (MCC) algorithm.

2.4 GO and KEGG Enrichment
The GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) enrichment analysis of
ovelapping target and core targets were carried out through the Database for Annotation, Visualization
and Integrated Discovery (DAVID) v6.8 (https://david.abcc.ncifcrf.gov/) [27–28] with the setting as
follows: backgroud and species = Homo sapiens, expression analysis systematic explorer = 0.01 and
count = 2. P < 0.05 indicates statistically signi�cant difference in the annotation categories.

2.5 Molecular Docking
Small molecule ligand 2D structures of key active compounds obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov) and saved in SDF format, and then, converted to 3D structure using
ChemO�ce. Crystal structures of core receptors were downloaded from protein data bank (PDB,
https://www.rcsb.org/), removing ligand and water motifs with Pymol (v2.0), adding hydrogen with
AutoDockTools (v1.5.6). AutoDock-Vina software was used to molecular docking, binding a�nity
calculation and probable binding sites locating.

2.6 Experimental Validation

2.6.1 Experimental model and drug treatment
NRR granula was purchased from the Granule Dispensing Department of Dongzhimen Hospital, Beijing
University of Chinese Medicine. The calcium chloride was purchased from Sino Animal(BeiJing)Science
and Technology Development Co. Ltd (Beijing, China).

The experimental procedures used in the present study were approved by the Institutional Animal Care
and Use Committee from the Beijing Hospital of Traditional Chinese Medicine and were in accordance
with the US National Institutes of Health (NIH Publications No.8023). Eighteen 8-week-old SD male rats
were obtained from SPF (Beijing) Biotechnology Co., Ltd. [experimental animal license No. SYXK (Beijing),
2020-0051]. The rats were placed in polycarbonate cages under a 12-h light/dark cycle in an air-
conditioned room under a constant temperature (25 ± 1°C) and humidity (50 ± 10%) with grade SPF and
were randomly divided into the following three groups: sham group (deionized water), vehicle group
(deionized water), NRR group (NRR granule,19.08 mg/100g, 0.5ml/100g). After gavage for 14 days, the
rats were anesthetize 30 minutes after intragastric administration on the 14th day (6% chloral hydrate,
0.5ml/100g, intraperitoneally), and then linked electrocardiograph (ECG) lead. The  lead
electrocardiogram was recorded using the PowerLab biological signal processing system. After the
electrocardiogram was stable, the sham group was injected with saline (0.9% NaCl, 1.5ml/min/kg)
through the tail vein, the vehicle group and NRR groups were injected with calcium chloride solution
(1.5ml/min/kg, concentration 35mg/ml) through the tail vein. The electrocardiogram was recorded for 10
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min, and the occurrence of arrhythmia was observed. The left cardiac myocardium (left ventricle) was
frozen to analysis.

2.6.2 Quantitative real-time PCR
Five rats from each group were used for qRT-PCR. Total RNA was extracted from the left cardiac
myocardium of the rats using TRIzol (Tiangen Biochemical Technology, Beijing, Co., Ltd) and reverse
transcribed into cDNA using a reverse transcription system kit (Takara, Shanghai, China) according to the
manufacturer’s protocol. qRT-PCR was performed on an ABI 7500 Real-Time PCR System (Applied
Biosystems, Foster City, USA) using the SYBR Green PCR Kit to determine mRNA expression levels. The
relative expression of CASP3 (primers: GCGGTATTGAGACAGACAGTGGA and
ACGAGTGAGGATGTGCATGAATT), CASP8 (primers: TTTCTGTTTTGGATGAGGTGAC and
ATGTTGCTGAGTTTGGGTATGT), CASP9 (primers: GCGACATGATCGAGGATATTC and
CAGGTGGTCTAGGGGTGTAAC), BAX (primers: GGTGGTTGCCCTTTTCTACTTTGC and
GCTCCCGGAGGAAGTCCAGTG)  CDK2 (primers: CCCTGTCCGTACTTACACTCAT and
CTTGGGGAAACTTGGCTTATA) was analyzed using the comparative CT method for relative quantitation
and the 2-DDCt method by normalizing to b-actin expression, and relative expression is presented as the
percent change compared to matched controls. All quantitative data, obtained from at least three
independent experiments, are presented as the mean ± standard error of the mean. SPSS statistical
software version 27.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Variance between
two groups were compared by Student’s t-test, and multiple groups were compared by one-way analysis
of variance. P values less than 0.05 was considered statistically signi�cant.

3. Results

3.1 Active Compounds and Target Genes Detection
Details on revealing the pharmacological mechanisms of NRR against arrhythmia are shown in Figure 1.
There were 185, 235 and 58 components obtained from TCMSP, SymMap and ETCM database,
respectively. After screening by pharmacokinetic properties and removaling duplicate, 21 active
components were included, dividing into 5 categories: 15 coumarin (e.g., Cnidilin, Ammidin, Phellopterin,
etc.), 1 �avonoid (Diosmetin), 1 nitrogen-containing compound (Isoindigo), 2 triterpenoids (beta-sitosterol
and Sitosterol) and 2 others (Figure 2). The details of 21 compounds see in table S1. Then, the targets
were predicted by UniProt database, and a total of 159 putative targets were identi�ed, including 105 in
coumarin, 10 in �avonoid, 3 in nitrogen-containing compound, 40 in triterpenoids and 1 in others. A
compound-target network was constructed as shown in Figure 3. Eventrally, 57 targets of NRR against
arrhythmia were obtained after the removal of repetitions.

3.2 Putative NRR Target Proteins in Arrhythmia
There were 96342 and 5584 arrhythmia-associated gene acquired from CTD and GeneCards databased,
respectively. With prioritized inference and relevance scores, 452 and 97 genes were identi�ed (Table
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S3&S4). By integrating the data from the two databases, 265 targets were included and considered as the
key putative arrhythmia-associated proteins. As shown in the Venn diagram, a total of 19 overlapping
genes of NRR and arrhythmia were obtained (Figure 4A), including CDK2, BAX, CASP3, etc., which were
taken as the key targets for the treatment of arrhythmia with NRR.

3.3 PPI Construction and Hub Genes Identi�cation
A function-associated protein network of the interaction between NRR and arrhythmia was constructed,
which included 19 nodes and 40 edges (Figure 4B). The topological parameters were analyzed based on
Analyze Network (Table S5). Only one module was divided through MCODE, which considered as the core
module (Figure 4C). Futhermore the core proteins were identi�ed via CytoHubba, including CASP3
(caspase 3), CASP8 (caspase 8), CASP9 (caspase 9), CDK2 (Cell division protein kinase 2) and BAX
(Apoptosis regulator BAX); and these core targets all belonged to the core module (Figure 4D).

3.4 Biological Function of NRR Targeting on Arrhythmia
To perform further insight into the mechanisms underlying NRR effects on arrhythmia at the systematic
level, GO and KEGG pathway analyses were carried out. There were 141 GO terms and 31 KEGG pathways
enriched from the 19 overlapping targets (Tables S6&S8), and 33 GO terms and 16 KEGG pathways
enriched from 5 core targets (Tables S7&S9). The GO-biological process mainly related to response to
drug, response to lipopolysaccharide, response to estradiol, extrinsic apoptotic signaling pathway in
absence of ligand, apoptotic process etc. Among the pathways enriched by overlapping targets and core
targets, 15 are consistent. The top 3 pathways enriched by 5 core targets were p53 signaling pathway,
Hepatitis B and Apoptosis. A drug-compound-targets-pathways network was builded base on the KEGG
enrichment analysis (Figure 5).

3.5 Molecular Docking
The a�nity between the two counterparts can be predicted by calculating the binding energy. Ten active
NRR componds with good pharmacokinetic properties were molecularly docked with 5 core receptors,
including CASP3 (PDBID: 1NME), CASP8 (PDBID: 2K7Z), CASP9 (PDBID: 3V3K), BAX (PDBID: 2LR1),
CDK2 (PDBID: 2R3J). The binding energy of less than 0 meaned that two molecules combine
spontaneously. The lower the binding energy, the stronger the a�nity of the compounds to the targets. A
total of 50 ligand-receptor combinations were computed. The majority of NRR components bind well with
the key receptors, in which 44 combinations had a�nities of < -7kcal/mol, account for 88%. CDK2 and C9
had the strongest binding energy, at -9.7 kcal/mol. The molecular binding �ndings are shown in Fig. 6.

3.6 Experimental Validation on the Targets of NRR in
Treating Arrhythmia
The ECG of sham, vehicle and NRR-treated group were showed in Fig. 8. CASP3, CASP8, CASP9, BAX and
CDK2 mRNA expression were consistently altered in individual samples from the sham, vehicle and NRR
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groups. The expression of CASP3, CASP8, CASP9, BAX and CDK2 were upregulated after arrhythmia,
while the CASP3, CASP8, CASP9, BAX and CDK2 expression were downregulated after treated with NRR
for 14 days.

4. Discussion
In this study, a network pharmacology analysis was conducted on the active components of NRR in
arrhythmia disease targets. The ingredients contained in NRR mainly included coumarin, �avonoids,
nitrogen-containing compounds, and triterpenoids, among which coumarin was the primary category. The
results were accordance with the detection of ultra high performance liquid chromatography coupled with
triple quadrupole mass spectrometry(UHPLC–MS/MS)[29]. Previous studies also veri�ed the aqueous
solution of NRR has anti-arrhythmic effect[30–31]. Biological processes of NRR protein associated with
arrhythmia were involved in various apoptotic processes, such as endopeptidase activity involved in
apoptotic process by cytochrome c, extrinsic apoptotic signaling pathway in absence of ligand. Moreover,
p53 signaling pathway may closely associate with mechanisms of action of NRR proteins related to
arrhythmia.

For further investigation, we conduct module division and �nd th core genes by MCC in our work. CASP3,
CASP8, CASP9, BAX and CDK2 were identi�ed from the module involved in p53 signaling. In addition, the
results of molecular docking also exhibited that all of them have good binding properties with core target
genes. Clinical studies have shown that the expression of BAX was increased in cardiovascular patients,
including arrhythmia[32], and caspase3 variants was susceptible to atrial �brillation (AF). Myocardial
apoptosis can cause electrical and structural cardiac remodeling[33]; and as the important apoptotic
factors, the expression of CASP8, CASP9, BAX was altered in many cardiovascular disease (e.g.
ichaemia/reperfusion[34], AF[35]). Oxidative stress can cause apoptosis, which in turn leads to cardiac
and vascular abnormalities in different types of cardiovascular diseases, and its mechanism may be
related to the dysregulation of Akt/p53 signaling pathway[36]. In summary, our �ndings offer new
insights on future NRR research and its applications in arrhythmia treatment. However, apoptosis is a
complicated process regulated by multitargets. Although our results were veri�ed by qRT-PCR, different
componets and doses will be done in future study to �nd more evidence.

5. Conclusion
Here, we applied systematic pharmacology to investigate the potential mechanisms underlying NRR
effects on arrhythmia. The analysis of modules and core nodes help us locate the possible major
functional genes. Our data show that NRR, especially the main category (coumarin and triterpenoids),
plays an anti-apoptotic role via multilple apoptotic factors. The targets mainly targets the downstream of
the p53 signaling pathways, which may be its main mechanism against arrhythmia.

Abbreviations
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PVCs premature ventricular contractions

VT ventricular tachycardia

TCM Traditional Chinese Medicine

NRR Notopterygii Rhizoma Et Radix

TCMSP Traditional Chinese Medicine Systems Pharmacology

ETCM Encyclopedia of Traditional Chinese Medicine

OB oral bioavailability

DL drug-likeness

CTD Comparative Toxicogenomics Database

VPB ventricular premature beat 

Vf ventricular �brillation

PPI Protein-Protien Interaction

STRING search tool for recurring instances of neighbouring genes

MCODE molecular complex detection

MCC maximal cluque centrality

GO Gene Ontology

KEGG Kyoto Encyclopedia of Genes and Genomes

DAVID Database for Annotation, Visualization and Integrated Discovery

PDB protein data bank

ECG electrocardiograph

QT-PCR Quantitative real-time Polymerase Chain Reaction

UHPLC–MS/MS ultra high performance liquid chromatography coupled with triple quadrupole mass
spectrometry

AF atrial �brillation
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Figures

Figure 1

Network pharmacology for deciphering pharmacological mechanisms of NRR in treating arrhythmia.
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Figure 2

The 2-dimensional (2D) molecular structures and classi�cation of 21 NRR candidate compounds. There
were �ve categories including coumarin(15), triterpenoids(2), nitrogen-containing compound(1),
�avonoid(1), others(2).
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Figure 3

The construction of compound-target network, and the classi�cation of putative target proteins of NRR
compounds.

Figure 4

The identi�ed genes of NRR and arrhythmia and the construction of protein-protein interaction network.
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Figure 5

Construction of drug-compound-target-pathway network. (wathet circle represents the herb-NRR; pink
diamond represents the compounds in NRR; green circle represents the targets, with green border
reprsenting core targets; gray rectangle represents KEGG signaling enriched form 19 overlapping target
proteins of NRR associated with arrhythmia, with gray border representing the KEGG pathways enriched
from 5 core targets.
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Figure 6

Results of molecular docking and docking simulation. A Heat map of the binding energies. B beta-
sitosterol (C17) with CAS9 (PDBID: 3V3K), C Marmesine (C15) with CASP8 (PDBID: 2K7Z), D Marmesine
(C15) with CDK2 (PDBID: 2R3J), E Marmesin (C16) with CASP8, F Marmesin (C16) with CDK2, and G
Bergaptin (C9) with CDK2.
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Figure 7

p53 signaling pathway (KEGG database). Core receptors are shown in yellow, and other protein targets
are in green.
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Figure 8

Validation by the mRNA expression levels of CASP3, CASP8, CASP9, BAX and CDK2 using real-time RT-
PCR. *P < 0.05.
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