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Background. Danhong injection (DHI) is widely used in the treatment of cardiovascular and cerebrovascular diseases, and its safety
and effectiveness have been widely recognized and applied in China. However, the potential molecular mechanism of action for the
treatment of arrhythmia is not fully understood. Aim. In this study, through network pharmacology and in vitro cell experiments,
we explored the active compounds of DHI for the treatment of arrhythmia and predicted the potential targets of the drug to
investigate its mechanism of action. Materials and Methods. First, the potential therapeutic effect of DHI on arrhythmia was
investigated in an in vitro arrhythmia model using human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs),
in which calcium transients were recorded to evaluate the status of arrhythmia. Next, the active compounds and key targets in
the treatment of arrhythmia were identified through network pharmacology and molecular docking, and the key signaling
pathways related to the treatment of arrhythmia were analyzed. Furthermore, we used real-time quantitative reverse
transcription PCR (qRT–PCR) to verify the expression levels of key genes. Results. Early afterdepolarizations (EADs) were
observed during aconitine treatment in hiPSC-CMs, and the proarrhythmic effect of aconitine was partially rescued by DHI,
indicating that the antiarrhythmic role of DHI was verified in an in vitro human cardiomyocyte model. To further dissect the
underlying molecular basis of this observation, network pharmacology analysis was performed, and the results showed that
there were 108 crosstargets between DHI and arrhythmia. Moreover, 30 of these targets, such as AKT1 and HMOX1, were key
genes. In addition, the mRNA expression of AKT1 and HMOX1 could be regulated by DHI. Conclusion. DHI can alleviate
aconitine-induced arrhythmia in an in vitro model, presumably because of its multitarget regulatory mechanism. Key genes,
such as AKT1 and HMOX1, may contribute to the antiarrhythmic role of DHI in the heart.

1. Introduction

Cardiovascular disease is the leading cause of death from
noncommunicable diseases in the world, and the incidence
of cardiovascular diseases in China has been gradually
increasing in recent years [1, 2]. The mortality rate of cardio-
vascular disease ranks first in both rural and urban areas [1].
Arrhythmia is a key risk factor leading to the death of all car-
diovascular diseases. It has been shown that approximately
40-50% of all cardiovascular deaths are due to sudden car-
diac death (SCDs), and approximately 80% of these deaths

are caused by ventricular tachycardia, according to epidemi-
ological survey data [3]. Increasing evidence shows that tra-
ditional Chinese medicine (TCM) has a certain protective
effect on cardiovascular disease [4]. For example, it was
found that Salvia miltiorrhiza and safflower have the effects
of promoting blood circulation, being anti-inflammatory
and anticoagulant, and dredging collaterals [5]. Salvia mil-
tiorrhiza has antioxidant and myocardial cell protection
effects in the treatment of myocardial infarction and other
cardiovascular diseases [6, 7]. Calcium signaling plays an
important role in the excitation contraction coupling of

Hindawi
BioMed Research International
Volume 2022, Article ID 4336870, 14 pages
https://doi.org/10.1155/2022/4336870

https://orcid.org/0000-0003-4496-5050
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/4336870


cardiomyocytes [8], and pharmacological studies have shown
that safflower extract can reduce the incidence of arrhythmia
by changing the calcium overload of cardiomyocytes [9].

Traditional Chinese medicine injections (TCMIs) have
been widely used in the prevention and treatment of cardio-
vascular diseases because of their quick efficacy and high
bioavailability [10]. Danhong injection (DHI) is one of the
most commonly used TCMIs for the treatment of cardiovas-
cular diseases, and its safety and effectiveness in the treat-
ment of cardiovascular and cerebrovascular diseases have
been widely recognized in China [11, 12]. DHIs are made
from Salvia miltiorrhiza and safflower, and the main effec-
tive components are tanshinone, salvianolic acid, danshen-
xin quinone, and safflower yellow pigment, which have
remarkable curative effects on palpitation, a symptom of
heart rate increases, and chest paralysis [13]. QT interval
represents the total time of depolarization and repolarization
of ventricular myocytes, and QT dispersion is the difference
between the longest QT interval and the shortest QT interval
in the 12-lead surface electrocardiogram. There is clinical
evidence that DHI can reduce QT dispersion in patients with
ventricular premature contraction of coronary heart disease
and prevent the occurrence of malignant arrhythmia [14].
At present, the clinical efficacy of DHI in treating arrhyth-
mia has been reported, but the underlying mechanisms are
largely unknown [13, 15, 16].

Network pharmacology was first proposed by Hopkins
[17]. Network pharmacology reveals the drug-gene-disease
relationship, which opens a new model of TCM research
[18]. Silico technologies, including network pharmacology,
molecular docking, and molecular dynamics simulation
technology, can excavate the characteristics of certain pro-
tein mutation sites and the pathogenic effects of specific sites
and better explain the mechanism of drug action. These
silico technologies provide a certain research direction and
guidance for wet laboratory from molecular mechanism
research. At the same time, these methods reduce the artifi-
cial blind screening process of finding small drug molecules
and improve the efficiency of drug screening [19–21].
Human induced pluripotent stem cell-derived cardiomyo-
cytes (hiPSC-CMs) provide an unprecedented opportunity
for the generation of human in vitromodels for heart disease
modeling and drug screening [22]. Indeed, hiPSC-CMs have
been used to reveal the mechanisms of drug action [23].
Therefore, network pharmacology combined with corre-
sponding in vitro cell experiments was used in this study
to explore the mechanism of DHI in treating arrhythmia.

2. Materials and Methods

2.1. Cell Experiments Using In Vitro Human
Cardiomyocyte Model

2.1.1. Experimental Materials. hiPSC-CMs were obtained
from Help Therapeutics (Nanjing, China). Danhong injec-
tion was purchased from Buchang Pharma (Shandong,
China), and aconitine and sotalol were purchased from
Desite (Chengdu, China) and Merck (Darmstadt, Germany),
respectively. Tyrode’s solution was obtained from Solarbio

(Beijing, China). There are no medical ethical issues involved
in this study.

2.1.2. Cell Viability Measurement. Cell viability was detected
by a CCK-8 kit assay (Melone, China). hiPSC-CMs were cul-
tured in a 5% CO2 humidity incubator at 37°C and were inocu-
lated in 96-well plates at a concentration of 1 × 104 for one
week. DHI (3μL/mL, 9μL/mL, and 27μL/mL) was added for
24h, and the effects of different concentrations of DHI were
detected by CCK-8. The absorbance (OD) of each well was
recorded at a wavelength of 450nm, and the cell survival rate
was calculated according to the formula ½ðODof experimental
group −OD of blank groupÞ/ðOD of control group −OD
of blank groupÞ� × 100% [24]. The experiment was repeated 3
times.

2.1.3. Cell Grouping and Establishment of the Arrhythmia
Model. hiPSC-CMs were plated in 6-well plates, and the cells
were divided into 3 groups: control group (Group A), aconi-
tine group (Group B), and aconitine+DHI group (Group C).
We added aconitine for 4 h to model arrhythmia [25]. Then,
we added DHI to Group C. Corresponding volume of
medium was added to Groups A and B as control. After that,
they were incubated at 37°C in a 5% CO2 incubator for
another 4 h. We next recorded the Ca2+ signal of hiPSC-
CMs to evaluate the status of arrhythmia modeling.

2.1.4. Calcium Imaging. The calcium signals of hiPSC-CMs
were observed and recorded by fluorescence imaging.
hiPSC-CMs were incubated in Tyrode’s solution containing
5μM Fluo-4-AM (Invitrogen, Carlsbad, CA) at 37°C for
30min and washed with Tyrode. Then, the samples were
transferred to an inverted microscope to record calcium sig-
nals. A confocal microscope (FV3000, Olympus, Japan) was
employed for imaging. ImageJ and PeakCaller were used to
analyze calcium signals.

2.2. Network Pharmacology and Molecular Docking

2.2.1. Screening of Active Ingredients of DHI. The chemical
constituents of Salvia miltiorrhiza and safflower were
retrieved from TCMSP (http://lsp.nwu.edu.) [26]. The phar-
macokinetic parameters of oral bioavailability (OB) and
drug similarity (DL) were applied in the TCMSP database
to select active compounds. Because DHI does not involve
oral administration due to its dosage form, there is no need
to set the value of OB, and the DL is set as ≥0.18 [26].

2.2.2. Screening of Drug–Disease Targets. The active ingredi-
ents of DHI were cross-referenced with arrhythmia targets,
primarily by cross-referencing five datasets, including Online
Mendelian Inheritance in Man (OMIM) [27], Therapeutic
Target Database (TTD) [28], PharmGKB [29], DrugBank
[30], and GeneCards [31], to identify potential arrhythmia-
specific DHI targets. Details are as follows: first, the target
protein corresponding to the drug active ingredient was
obtained through the TCMSP database, and then, the target
protein was retrieved through the UniProt database to search
its corresponding gene name. Finally, the potential action
targets of the active components of DHI and the disease
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targets of arrhythmia were screened, and the intersection was
obtained through Venn diagram and R package. After
obtaining the common targets, the drug component targets
and arrhythmia disease targets were mapped, and the
“compound-target” interaction network was constructed by
using Cytoscape 3.8.1 software.

2.2.3. Construction of Protein–Protein Interaction (PPI)
Networks and Enrichment Analysis of Gene Ontology (GO)
Function and Kyoto Encyclopedia of Genes and Genomes
(KEGG) Pathways. The targets of DHI and arrhythmia dis-
eases were substituted into the STRING database (https://

string-db.org/) [32], and multiple proteins were selected
and identified as “Homo sapiens” to construct a protein
interaction map, which was then imported into Cytoscape
3.8.1 software to map the PPI network. GO function and
KEGG pathway enrichment analyses were carried out for
the target proteins of DHI and arrhythmia by DAVID
(https://david. ncifcrf.GOv/) [33] and R language. P < 0:05
was set as the screening condition for which the difference
was statistically significant.

2.2.4. Molecular Docking. Cytoscape [34] software was used
to analyze the network and construct the component-
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Figure 1: The therapeutic effect of DHI on aconitine-induced arrhythmia in hiPSC-CMs. (a) Representative curves of Ca2+ transients. The
arrow indicates the generation of EADs under aconitine treatment. (b) Data quantification showed that DHI treatment reduced the elevated
Ca2+ transient frequency and peak-to-peak variation caused by aconitine. (c) The concentration of DHI used did not significantly alter cell
viability.
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target-pathway network diagram corresponding to DHI and
arrhythmia to determine the possible targets and core com-
ponents of myocardial protection. Molecular docking verifi-
cation between the target and differential active ingredients
was completed according to the above screened active ingre-
dients and key targets. The corresponding 3D structure of
the core target protein receptor, including AKT1 (PDB ID:
1UNQ) and HMOX1 (PDB ID: 1N45) [35], was obtained
from the UniProt-RCSB PDB database (https://www.rcsb
.org/) [36]. We downloaded the three-dimensional chemical
structure of the corresponding ligand from the PubChem
database. AutoDock was used for routine pretreatment of
the target protein receptors and ligand small molecules.
The automatic docking mode was selected, and batch dock-
ing was performed to obtain the binding energy, and Auto-
Dock software was used to visualize the result.

2.3. Real-Time Quantitative Reverse Transcription PCR
(qRT–PCR). Total RNA was extracted from hiPSC-CMs
according to the instruction manual of the Evo M-MLV RT
kit (AgBio, Hunan, China). The first-strand template cDNA
was synthesized by reverse transcription. The expression
levels of Akt1 and HMOX1 were detected by qRT–PCR using
SYBR Green qPCR Mix (Bio-Rad, USA) with appropriate
dilutions of cDNA solution and corresponding primers.
GAPDH was used as an internal control gene. All reactions
were 3 replicates. The primers used in this study are shown
in Supplementary Table 1.

2.4. Statistical Analysis. All statistical analyses were per-
formed using SPSS 20.0 software, and the results are
expressed as themean ± standard error (SE). One-way analy-
sis of variance (ANOVA) was applied to analyze the statisti-
cal significance of the differences between the different
groups, and P < 0:05 was considered significantly different.

3. Results

3.1. Evaluation of the Therapeutic Effect of DHI on
Arrhythmias in hiPSC-CMs. Early afterdepolarizations
(EADs) were observed during aconitine treatment in hiPSC-
CMs, and the proarrhythmic effect of aconitine was partially
rescued by DHI (Figure 1(a)). Because of the premature action
potentials triggered by EADs, the frequency of calcium tran-
sients under 1Hz electrical stimulation was significantly
increased by aconitine treatment (n = 18 − 24, P < 0:01),
which was rescued by DHI (Figure 1(b)). Moreover, the
peak-to-peak variation of the Ca2+ transients in hiPSC-CMs
increased in the aconitine group, which was also significantly
reduced by DHI treatment (P < 0:01) (Figure 1(b)). Notably,
the concentration of DHI used in these experiments did not
significantly alter cell survival, as reflected by CCK-8 assays
(Figure 1(c)).

3.2. The Results of Network Pharmacology and
Molecular Docking

3.2.1. Screening of Active Ingredients and Targets of DHI.
After verifying the role of DHI in treating arrhythmia
in vitro, we next investigated the active compounds and
key targets of DHI in the treatment of arrhythmia. The
chemical constituents of DHI were searched in the TCMSP
database, and 136 were found in Salvia miltiorrhiza and 98
in safflower (Supplementary Table 2). Then, the UniProt
(https://www.UniProt.org/) database was used to correct
and retrieve the corresponding target protein names. As a
result, 59 predicted targets of Salvia miltiorrhiza and 259
predicted targets of safflower were obtained. Using “arrhyth-
mia” as the keyword, we searched 5 databases, including
OMIM, TTD, PharmGKB, DrugBank, and GeneCards, and
found 1337 arrhythmia-related target genes, which were
selected as candidate targets (Figure 2(a)). A total of 108
intersection target genes were obtained by R software and
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Figure 2: Venn diagram of five databases (a). Venn diagram of intersection targets between Danhong injection and arrhythmia. The green
circle on the left shows the number of compound drug targets. The red circle on the right shows the number of disease targets. The
intersection in the middle is the number of intersection targets (b).
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the Venn diagram drawing tool, as shown in Figure 2(b).
These targets were used for molecular docking.

3.2.2. Construction of the Drug-Chemical Composition-
Target Pathway Network and the Verification of Molecular
Docking. Cytoscape 3.8.1 software was used to construct a
network consisting of 240 nodes (132 compounds, 108 tar-
gets) and 1066 edges. Degree and betweenness are impor-
tant parameters in the network analysis, because the
degree of a node refers to the number of connections
between the node and other nodes, and the greater the
degree of a node, the more nodes connected to it. The
betweenness refers to the proportion of the shortest path
through the node in the total path, and the greater the
degree and the betweenness, the more important the node
was. As shown in Supplementary Table 3, these targets
had higher degrees and median values, indicating that they

are the key targets of DHI in the treatment of arrhythmia.
Combined with the degree value, quercetin, tanshinone
IIA, apigenin, luteolin, ursolic acid, kaempferol, dihydroi-
sotanshinone I, beta-sitosterol, salviolone, dan-shexinkum
b, salvianolic acid A, and so on are the core components
(Supplementary Table 4) of DHI used to treat arrhythmia.
According to the minimum energy principle, the key targets,
including AKT1 and HMOX1, were docked with the core
components (Figure 3 and Supplementary Table 5). The
docking results of molecular docking target (AKT1) and core
components (quercetin) were consistent with the previous
studies [37, 38]. Ursonic acid bound to the central cavity of
HMOX1 (Figures 3(a) and 3(b)). Quercetin bound to the
groove between A-helix and B-sheet on the surface of
AKT1 (Figure 3(c)). Its link interacted with GLU-116\SER-
2\ASP-3, and the other end interacted with VAL-106 of the
protein (Figure 3(d)). The affinity played a very important

(a)

PHE-169
GLN-152

(b)

(c)

ASP-3

GLU-116

SER-2

VAL-106

(d)

Figure 3: The best schematic diagram of molecular docking between ursonic acid and HMOX1 (a, b). The best schematic diagram of
molecular docking between quercetin and AKT1 (c, d).
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role in understanding the biological activity of most of the
ligand molecules, because it reflected the interactions
between the receptor and ligand molecule [20].

Figure 4 shows that a chemical often corresponds to
multiple intersection gene targets, and intersection genes
and targets correspond to a variety of chemical composi-
tions. The different chemical components belong to two
different TCMs, Salvia miltiorrhiza and safflower, which
indicates that DHI plays a role in the treatment of arrhyth-
mia through multiple components, targets, and signaling
pathways.

3.2.3. Annotation Analysis of the Biological Functions of the
Potential Targets of DHI in the Treatment of Arrhythmia.
GO function analysis is mainly used to describe the func-
tion of genes and proteins, and three categories of cellular
function, molecular function, and biological function are
included. The signaling pathways enriched by the common
targets of DHI and arrhythmia were obtained by KEGG
enrichment analysis. GO analysis enriched 30 items
(Figure 5(a)), including response to lipopolysaccharide, reg-
ulation of tube diameter, response to oxygen levels, reactive
oxygen species metabolic process, and blood vessel diameter
maintenance. In addition, KEGG pathway analysis revealed
30 significantly enriched pathways, including lipid and ath-
erosclerosis, phosphatidylinositol-3-kinase/protein kinase B
(PI3K-Akt), liquid shear stress and atherosclerosis (fluid
shear stress and atherosclerosis), interleukin-17 (IL-17
signaling pathway), TNF signaling pathway, calcium signal-
ing pathway, and relaxin signaling pathway, as shown in
Figure 5(b).

3.2.4. Construction and Analysis of the Intersection Gene
PPI Network of Danhong Injection in the Treatment of
Arrhythmia. The initial PPI network string analysis con-
sisted of 108 nodes, as shown in Figure 6(a). After topology
analysis with CytoNCA, a simplified network composed of
35 nodes was obtained, as shown in Figure 6(b). Finally, a
core target group consisting of 21 nodes was obtained by
CytoNCA analysis.

3.3. Evaluation of mRNA Expression Levels of AKT1 and
HMOX1 in hiPSC-CMs by qRT–PCR. The expression of
AKT1 increased in the aconitine arrhythmia group, while
the expression of AKT1 was decreased by treatment with
DHI and sotalol, a known antiarrhythmia drug (Figure 7(a)).
Similarly, DHI and sotalol rescued the decreased expression
of HMOX1 caused by aconitine treatment (Figure 7(b)).

4. Discussion

Arrhythmia is an important type of cardiovascular disease
that can be caused alone or accompanied by other cardiovas-
cular diseases. DHI has the effects of antiatherosclerosis,
inhibition of oxidative stress, antithrombosis, and reversal
of ventricular remodeling [39, 40]. At present, research on
DHI mainly focuses on the prevention and treatment of car-
diovascular and cerebrovascular diseases such as cerebral
ischemia, myocardial infarction, and coronary heart disease
[41], while the treatment of arrhythmia is usually combined
with Western medicine [42]. Moreover, clinical evidence
suggests that DHI plays a significant role in improving ST
segment changes in hemorheology, chest distress, and chest

Figure 4: Drug-ingredient-target network of DHI. The middle represents active chemical ingredients, different colors represent different
drugs, purple represents safflower, and red represents Salvia miltiorrhiza. The periphery represents the core target, where the darker the
color is, the greater the degree and betweenness, and the more important the node is.
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pain [43, 44]. Therefore, this study combined network phar-
macology with relevant biological experiments to explore
the mechanisms of DHI in the treatment of arrhythmia.
Ca2+ plays an irreplaceable role in myocardial excitation-
contraction coupling (ECC) [45], and the disturbance of
Ca2+ regulation in cardiomyocytes may lead to arrhythmias
[46]. At the same time, it has been reported that aconitine-
induced arrhythmia is related to intracellular Ca2+ signaling

[47]. We found EADs in aconitine-induced arrhythmia of
hiPSC-CMs, and the proarrhythmic effect of aconitine
was partially rescued by DHI. In addition, the network
pharmacological validation further suggests that the phos-
phatidylinositol-3-kinase/protein kinase B (PI3K-Akt) may
be a key pathway for DHI to treat arrhythmia, and AKT1
and HMOX1 may be two of its key targets (Supplemen-
tary Figure 1).
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Figure 6: PPI network diagram of the intersection of DHI and arrhythmia (a). Core target of DHI and arrhythmia (b).
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The regulation of the PI3K-Akt signaling pathway
includes regulating downstream signaling pathways to influ-
ence apoptosis and promote proliferation to play a protec-
tive role in cardiomyocytes. The PI3K-Akt/eNOS signaling
pathway plays an important role in mediating apoptosis
[48]. In addition, downregulation of the PI3Kα/Akt/GSK3β
and nuclear factor kappa-B (NF-κB) signaling pathways
may reverse left ventricular hypertrophy and improve myo-
cardial status [49]. Thus, the PI3K-Akt signaling pathway
may play an important role in the therapeutic effect of
DHI on arrhythmia.

In the drug-ingredient-target network of DHI, Akt1 and
HMOX1 are the two key gene targets of DHI against
arrhythmia. Both are important cardioprotective genes. Akt
is a protooncogene belonging to the serine/threonine family
of protein kinases, including the three isoforms Akt1, Akt2,

and Akt3 [50, 51]. The embryos and newborns of Akt1-
deficient mice have heart defects and decreased cardiac
function, indicating that Akt1 is indispensable for cardiac
development and function [50, 52]. Indeed, long-term acti-
vation of Akt can affect cardiac hypertrophy and thereby
affect myocardial function [53]. Furthermore, the PI3K-
Akt/PIP3 signaling pathway can affect cardiac action
potentials by influencing ion channels (Ik and ICa) and
change the susceptibility to arrhythmias such as atrial
fibrillation [54]. Moreover, studies have suggested that
the Akt signaling pathway plays an important role in car-
diac hypertrophy and heart remodeling. Short-term over-
expression of Akt1 in the heart leads to physiological
hypertrophy, but long-term activation of Akt1 can pro-
mote pathological hypertrophy [53]. Cardiac hypertrophy
is the pathological basis of a series of cardiovascular
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Figure 7: The relative expression of Akt1 (a) and HMOX1 (b) was detected by qRT–PCR. The bars show the means ± SE of four
independent experiments (n = 4). ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001 versus control; #P < 0:05, ##P < 0:01, and ###P < 0:001 versus
aconitine.
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diseases, such as myocardial infarction and arrhythmia.
With the progression of the disease, ventricular hypertro-
phy is likely to induce malignant arrhythmia and lead to
sudden death [55, 56]. As another key gene revealed by our
study, HOMX1 is induced by various forms of oxidative
damage and has a protective effect against oxidative stress.
It can degrade heme into three products: Fe2+, biliverdin,
and carbon monoxide. As an antioxidant system, induced
HOMX1 has a certain protective effect on various oxidative
stress-related diseases, such as atrial fibrillation (AF) [57,
58]. Protection of the myocardium mainly occurs through
an increase in HMOX1 expression, inhibiting the apoptosis
of myocardial cells [59]. Moreover, the cardioprotective
effect of HOMX1 has been verified in simulated H9C2 cells
in vitro [60], and the latest study explored the relationship
between HMOX1 and cardiovascular disease from the per-
spective of ferroptosis [61].

Molecular docking predicts the interaction between
receptor and drug molecules according to the characteristics
of receptor and drug molecules. Molecular docking of net-
work pharmacology will help researchers better understand
the mechanism of TCM in treating diseases [62]. Several
DHI components act on multiple target genes, including
quercetin, kaempferol, luteolin, and oleanolic acid. They
interact with target genes and regulate corresponding signal-
ing pathways, such as the PI3K-Akt and IL-17 signaling
pathways, which play a role in myocardial protection. The
successful molecular docking of Akt1 and HMOX1 partially
verified the influence of these active ingredients on key tar-
gets in the signaling pathway, which is consistent with previ-
ous studies showing that quercetin has antiarrhythmic
effects [63, 64] and that salvianolic acid A, luteolin, kaemp-
ferol, and oleanolic acid can protect cardiomyocytes by inhi-
biting cardiomyocyte death [65–69]. Our cell experiments
suggested that aconitine could induce arrhythmias and that
DHI could rescue the abnormal expression of Akt1 and
HMOX1 in aconitine-induced arrhythmias. However, the
involvement of other genes, including CXCL8, FOS, CCL2,
and MMP9, in aconitine-induced arrhythmias warrants fur-
ther research. Therefore, the antiarrhythmic effects of Chi-
nese medicine are attributed to its multiple components
and multiple target characteristics.

5. Advantages and Disadvantages

There are some advantages in our study. First, the in vitro
experiments are based on hiPSC-CMs, which can more
accurately reflect the human response to drugs. Second, we
verified the effect of DHI on potential targets more accu-
rately by combining hiPSC-CM experiments and network
pharmacology. There are some limitations. First, these
experimental results are based on cell experiments rather
than clinical trials and animal experiments. In addition, the
composition of TCM is complex, so the specific effect of
compounds in DHI remains to be further verified. Last but
not least, there are various types of arrhythmias, and the
pathogenesis of different types also differs. Therefore, the
therapeutic effect of DHI on specific type of arrhythmias
deserves further exploration.

6. Conclusion

In this study, network pharmacology and cell experiments
were used to identify the main biologically active compo-
nents of DHI and to study the potential mechanism of
DHI in the treatment of arrhythmia. DHI may play a myo-
cardial protective role against arrhythmia by regulating the
PI3K-Akt signaling pathway and key genes, including Akt1
and HMOX1. This study provides a theoretical basis for
the further study of DHI in arrhythmia treatment.

Abbreviations

DHI: Danhong injection
TCM: Traditional Chinese medicine
TCMSP: Traditional Chinese Medicine Systems Pharma-

cology Database
ADME: Absorption, distribution, metabolism, and

excretion
OB: Oral bioavailability
DL: Drug-likeness
PPI: Protein-protein interaction
OMIM: Online Mendelian Inheritance in Man
TTD: Therapeutic Target Database
GO: Gene Ontology
KEGG: Kyoto Encyclopedia of Genes and Genomes.

Data Availability

All the data used to support the findings of this study are
included within the article.

Conflicts of Interest

All authors report no conflicts of interest.

Authors’ Contributions

SL designed the study. TTY and YXL performed the experi-
ments, analyzed the data, and prepared the figures. TTY
drafted the manuscript. MHY, XY, and ZZ critically
reviewed the manuscript. All authors read and approved
the final manuscript. Tingting Yu and Yuxin Li contributed
equally to this work as co-first authors.

Acknowledgments

This study is supported by the National Natural Science
Foundation of China (Grant Nos. 81973698 and 81703942),
Young Elite Scientists Sponsorship Program by CACM
(Grant No. 2019-QNRC2-B08), National Science Fund for
Distinguished Young Scholars in BUCM (Grant No.
BUCM-2019-JCRC004), and BUCM Research Start-up Fund
(to SL).

Supplementary Materials

Supplementary Table 1: primers used for qRT–PCR. Supple-
mentary Table 2: basic information of active compounds of
DHI. Supplementary Table 3: degree and betweenness of

11BioMed Research International



key targets. Supplementary Table 4: results of the molecular
docking experiment. Supplementary Table 5: the binding
energy data of molecular docking. Supplementary Figure 1:
proposed pathways that can be modulated by DHI.
(Supplementary Materials)

References

[1] G. A. Roth, G. A. Mensah, C. O. Johnson et al., “Global burden
of cardiovascular diseases and risk factors, 1990-2019: update
from the GBD 2019 study,” Journal of the American College
of Cardiology, vol. 76, no. 25, pp. 2982–3021, 2020.

[2] China, T W CotRoCHaDi, “Key points of report on cardiovas-
cular health and diseases in China 2020,” Chinese Journal of
Cardiovascular Review, vol. 19, no. 7, pp. 582–590, 2021.

[3] R. Mehra, “Global public health problem of sudden cardiac
death,” Journal of Electrocardiology, vol. 40, no. 6, pp. S118–
S122, 2007.

[4] K. Xiang, J. F. Yang, X. Wu, J. Peng, J. J. Guo, and C. M. Fan,
“Advances in traditional Chinese medicine for cardiovascular
disease therapy in 2020,” TMR, vol. 6, no. 3, p. 27, 2021.

[5] C. Wang, L. Wang, B. Liu, X. Yan, and Y. Su, “Clinical Effects
of Danhong Injection and Rosuvastatin in the Treatment of
Patients with UnstableAngina Pectoris,” Chinese Journal of
Rational Drug Use, vol. 15, no. 2, pp. 49–51, 2018.

[6] D. Bu, Z. Su, J. Zou, M. Meng, and C.Wang, “Study of the mech-
anism underlying therapeutic effect of compound Longmaining
on myocardial infarction using a network pharmacology-based
approach,” Biomedicine & Pharmacotherapy, vol. 118, article
109234, 2019.

[7] Z. H. Geng, L. Huang, M. B. Song, and Y. M. Song, “Protective
effect of a polysaccharide from _Salvia miltiorrhiza_ on iso-
proterenol (ISO)-induced myocardial injury in rats,” Carbohy-
drate Polymers, vol. 132, pp. 638–642, 2015.

[8] H. Cheng and S. Q. Wang, “Calcium signaling between sarco-
lemmal calcium channels and ryanodine receptors in heart
cells,” Frontiers in Bioscience, vol. 7, no. 4, pp. d1867–d1878,
2002.

[9] G. Gu, W. Zhao, J. Chen, H. Sun, and B. Li, “Effect of safflower
extract on calcium content in hypertrophic myocardial cells of
rabbits,” Chinese Jounal of Modern Drug Application, vol. 7,
no. 14, pp. 246-247, 2013.

[10] Z. Dong, J. Feng, and Likai, “Danhong injection in cardiovas-
cular and cerebrovascular diseases: Pharmacological actions,
molecular mechanisms, and therapeutic potential,” Pharmacol
Res, vol. 6, no. 6, pp. 25–32, 2019.

[11] X. Feng, Y. Li, Y. Wang et al., “Danhong injection in cardiovas-
cular and cerebrovascular diseases: pharmacological actions,
molecular mechanisms, and therapeutic potential,” Pharmaco-
logical Research, vol. 139, pp. 62–75, 2019.

[12] J. Hu, “Analysis of Chinese patent drugs used in treating car-
diovascular diseases in recent 3 years,” Jilin Medical Journal,
vol. 33, no. 2, pp. 276-277, 2012.

[13] H. Z. Wang, M. Zhao, Y. M. Li, and L. X. Zhang, “Influence of
Danhong injection combined metoprolol tartrate on hemody-
namics and ECG in CHD patients with arrhythmias,” Chinese
Journal of Cardiovascular Rehabilitation Medicine, vol. 27,
no. 3, pp. 355–359, 2018.

[14] X. Liu, H. Wu, Z. Sui, and X. Wang, “Effect of Danhong injec-
tion on QT dispersion in patients with coronary heart disease

with premature ventricular contraction,” China Practical Med-
icine, vol. 5, no. 9, pp. 160-161, 2010.

[15] C. Zhang, L. Xu, X. Chao, S. Zhao, Q. Guan, and X. Wang,
“Influence of Danhong Injection Combined with Western
Medicine on Hemodynamics and Effect ofArrhythmia in Cor-
onary Heart Disease,” Chinese And Foreign Medical Research,
vol. 17, no. 24, pp. 9–11, 2019.

[16] X. Zhang, C. Wang, and Z. Shen, “Nursing study of amioda-
rone combined with Danhong injection in the treatment of
patients with coronary heart disease complicated with arrhyth-
mia,” Journal Of New Chinese Medicine, vol. 53, no. 23,
pp. 205–208, 2021.

[17] A. L. Hopkins, “Network pharmacology,” Nature Biotechnol-
ogy, vol. 25, no. 10, pp. 1110-1111, 2007.

[18] S. Li and B. Zhang, “Traditional Chinese medicine network
pharmacology: theory, methodology and application,” Chinese
Journal of Natural Medicines, vol. 11, no. 2, pp. 110–120, 2013.

[19] V. Rajendran, R. Purohit, and R. Sethumadhavan, “In silico
investigation of molecular mechanism of laminopathy caused
by a point mutation (R482W) in lamin A/C protein,” Amino
Acids, vol. 43, no. 2, pp. 603–615, 2012.

[20] V. Rajendran and R. Sethumadhavan, “Drug resistance mech-
anism of PncA inMycobacterium tuberculosis,” Journal of Bio-
molecular Structure & Dynamics, vol. 32, no. 2, pp. 209–221,
2014.

[21] S. Kumar, V. K. Bhardwaj, R. Singh, P. Das, and R. Purohit,
“Identification of acridinedione scaffolds as potential inhibitor
of DENV-2 C protein: an in silico strategy to combat dengue,”
Journal of Cellular Biochemistry, vol. 123, no. 5, pp. 935–946,
2022.

[22] I. Karakikes, M. Ameen, V. Termglinchan, and J. C. Wu,
“Human induced pluripotent stem cell-derived cardiomyo-
cytes: insights into molecular, cellular, and functional phe-
notypes,” Circulation Research, vol. 117, no. 1, pp. 80–88,
2015.

[23] X. Yang, L. Pabon, and C. E. Murry, “Engineering adolescence:
maturation of human pluripotent stem cell-derived cardio-
myocytes,” Circulation Research, vol. 114, no. 3, pp. 511–523,
2014.

[24] L. Huang, M. Gu, Z. Wang et al., “Highly efficient and rapid
inactivation of coronavirus on non-metal hydrophobic laser-
induced graphene in mild conditions,” Advanced Functional
Materials, vol. 31, no. 24, p. 2101195, 2021.

[25] F. Zhang, L. Cai, J. Zhang, X. Qi, and C. Lu, “Aconitine-
induced cardiac arrhythmia in human induced pluripotent
stem cell-derived cardiomyocytes,” Experimental and Thera-
peutic Medicine, vol. 16, no. 4, pp. 3497–3503, 2018.

[26] J. Ru, P. Li, J. Wang et al., “TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines,”
Journal of Cheminformatics, vol. 6, no. 1, article 13, 2014.

[27] J. S. Amberger, C. A. Bocchini, F. Schiettecatte, A. F. Scott, and
A. Hamosh, “OMIM.org: Online Mendelian Inheritance in
Man (OMIM®), an online catalog of human genes and genetic
disorders,” Nucleic Acids Research, vol. 43, no. D1, pp. D789–
D798, 2015.

[28] Y. Wang, S. Zhang, F. Li et al., “Therapeutic target database
2020: enriched resource for facilitating research and early
development of targeted therapeutics,” Nucleic Acids Research,
vol. 48, no. D1, pp. D1031–D1041, 2019.

[29] J. M. Barbarino, M.Whirl‐Carrillo, R. B. Altman, and T. E. Klein,
“PharmGKB: a worldwide resource for pharmacogenomic

12 BioMed Research International

https://downloads.hindawi.com/journals/bmri/2022/4336870.f1.docx


information,” Wiley Interdisciplinary Reviews. Systems Biology
and Medicine, vol. 10, no. 4, article e1417, 2018.

[30] D. S. Wishart, C. Knox, A. C. Guo et al., “DrugBank: a compre-
hensive resource for in silico drug discovery and exploration,”
Nucleic Acids Research, vol. 34, no. 90001, pp. D668–D672,
2006.

[31] S. Fishilevich, S. Zimmerman, A. Kohn et al., “Genic insights
from integrated human proteomics in GeneCards,” Database:
The Journal of Biological Databases and Curation, vol. 2016,
article baw030, 2016.

[32] D. Szklarczyk, A. L. Gable, D. Lyon et al., “STRING v11:
protein-protein association networks with increased coverage,
supporting functional discovery in genome-wide experimental
datasets,” Nucleic Acids Research, vol. 47, no. D1, pp. D607–
d613, 2019.

[33] X. Jiao, B. T. Sherman, D. W. Huang et al., “DAVID-WS: a sta-
teful web service to facilitate gene/protein list analysis,” Bioin-
formatics, vol. 28, no. 13, pp. 1805-1806, 2012.

[34] P. Shannon, A. Markiel, O. Ozier et al., “Cytoscape: a software
environment for integrated models of biomolecular interac-
tion networks,” Genome Research, vol. 13, no. 11, pp. 2498–
2504, 2003.

[35] V. Rajendran, C. Gopalakrishnan, and R. Purohit, “Impact of
point mutation P29S in RAC1 on tumorigenesis,” Tumour
Biology, vol. 37, no. 11, pp. 15293–15304, 2016.

[36] U. Prot, “UniProt: The universal protein knowledgebase,”
Nucleic Acids Research, vol. 45, no. D1, pp. D158–d169, 2017.

[37] B. Yin, B. YM, F. GJ, and X. YQ, “Molecular Mechanism of the
Effect of Huanglian Jiedu Decoction on Type 2 Diabetes Mel-
litus Based on Network Pharmacology and Molecular Dock-
ing,” Journal of Diabetes Research, vol. 2020, article 5273914,
2020.

[38] J. Xu, Q. Lin, J. Liu et al., “Molecular mechanism of quercetin
in the treatment of coronary heart disease based on network
pharmacology and molecular docking,” Chinese Journal of
Integrative Medicine on Cardio-/Cerebrovascuiar Disease,
vol. 18, no. 24, pp. 4097–4103, 2020.

[39] J. Chen, W. Cao, P. F. Asare et al., “Amelioration of cardiac
dysfunction and ventricular remodeling after myocardial
infarction by Danhong injection are critically contributed by
anti- TGF-β-mediated fibrosis and angiogenesis mechanisms,”
Journal of Ethnopharmacology, vol. 194, pp. 559–570, 2016.

[40] C. Fu, L. Liu, Y. Wang, and C. Li, “Chinese Expert Consensus
on the Clinical Application of Danhong Injection,” Chinese
Journal of Integrated Traditional and Western Medicine,
vol. 38, no. 4, pp. 389–397, 2018.

[41] Y. Qi, Y. Zou, L. Chen, J. Liu, Y. Zhang, and Z. Wang, “Phar-
macological mechanisms underlying the therapeutic effects of
Danhong injection on cerebral ischemia,” Evidence-based
Complementary and Alternative Medicine, vol. 2021, Article
ID 5584809, 10 pages, 2021.

[42] M. Qi, “Analysis of the efficacy and safety of Wenxin granule
and Danhong injection in the treatment of heart failure with
premature beats,” Journal of North Pharmacy, vol. 18, no. 2,
pp. 43-44, 2021.

[43] G. Zhang, “To explore the clinical value and superiority of
Danhong injection in treating coronary heart disease,” China
Practical Medicine, vol. 12, no. 30, pp. 135-136, 2017.

[44] H. Shi, “Clinical value and superiority of discussion Danhong
injection treatment of coronary heart disease,” Guide of China
Medicine, vol. 14, no. 18, pp. 199-200, 2016.

[45] D. M. Bers, “Cardiac excitation-contraction coupling,” Nature,
vol. 415, no. 6868, pp. 198–205, 2002.

[46] C. Shah, S. Jiwani, B. Limbu, S. Weinberg, and M. Deo,
“Delayed afterdepolarization-induced triggered activity in
cardiac Purkinje cells mediated through cytosolic calcium dif-
fusion waves,” Physiological Reports, vol. 7, no. 24, article
e14296, 2019.

[47] Y. H. Zhou, X. M. Piao, X. Liu et al., “Arrhythmogenesis toxic-
ity of aconitine is related to intracellular Ca (2+) signals,” Inter-
national Journal of Medical Sciences, vol. 10, pp. 1242–1249,
2013.

[48] X. Wang, J. Pan, D. Liu et al., “Nicorandil alleviates apoptosis
in diabetic cardiomyopathy through PI3K/Akt pathway,” Jour-
nal of Cellular and Molecular Medicine, vol. 23, no. 8,
pp. 5349–5359, 2019.

[49] R. Xu, F. Lin, S. Zhang, X. Chen, S. Hu, and Z. Zheng, “Signal
pathways involved in reverse remodeling of the hypertrophic
rat heart after pressure unloading,” International Journal of
Cardiology, vol. 143, no. 3, pp. 414–423, 2010.

[50] J. Zhao and Z. Zeng, “Combined effects of AKT serine/threo-
nine kinase 1 polymorphisms and environment on congenital
heart disease risk: a case-control study,”Medicine (Baltimore),
vol. 99, no. 26, article e20400, 2020.

[51] S. Häggblad Sahlberg, A. C. Mortensen, J. Haglöf et al., “Differ-
ent functions of AKT1 and AKT2 in molecular pathways, cell
migration andmetabolism in colon cancer cells,” International
Journal of Oncology, vol. 50, no. 1, pp. 5–14, 2017.

[52] Z. Chang, Q. Zhang, Q. Feng et al., “Deletion of _Akt1_ causes
heart defects and abnormal cardiomyocyte proliferation,”
Developmental Biology, vol. 347, no. 2, pp. 384–391, 2010.

[53] I. Shiojima, K. Sato, Y. Izumiya et al., “Disruption of coordi-
nated cardiac hypertrophy and angiogenesis contributes to
the transition to heart failure,” The Journal of Clinical Investi-
gation, vol. 115, no. 8, pp. 2108–2118, 2005.

[54] M. Ezeani and S. Elom, “Necessity to evaluate PI3K/Akt sig-
nalling pathway in proarrhythmia,” Open Heart, vol. 4, no. 2,
article e000596, 2017.

[55] W. Grossman, D. Jones, and L. P. McLaurin, “Wall stress and
patterns of hypertrophy in the human left ventricle,” The Jour-
nal of Clinical Investigation, vol. 56, no. 1, pp. 56–64, 1975.

[56] J. S. Burchfield, M. Xie, and J. A. Hill, “Pathological ventricular
remodeling: mechanisms: part 1 of 2,” Circulation, vol. 128,
no. 4, pp. 388–400, 2013.

[57] Y. H. Yeh, C. T. Kuo, G. J. Chang et al., “Rosuvastatin sup-
presses atrial tachycardia-induced cellular remodeling via
Akt/Nrf2/heme oxygenase-1 pathway,” Journal of Molecular
and Cellular Cardiology, vol. 82, pp. 84–92, 2015.

[58] R. E. Smith, K. Tran, C. C. Smith, M.McDonald, P. Shejwalkar,
and K. Hara, “The role of the Nrf 2/ARE antioxidant system in
preventing cardiovascular diseases,”Diseases, vol. 4, no. 4, arti-
cle 34, 2016.

[59] P. Lakkisto, J. M. Siren, V. Kytö et al., “Heme oxygenase-1
induction protects the heart and modulates cellular and extra-
cellular remodelling after myocardial infarction in rats,”
Experimental Biology and Medicine (Maywood, N.J.),
vol. 236, no. 12, pp. 1437–1448, 2011.

[60] X. Jin, Z. Xu, J. Cao et al., “HO-1/EBP interaction alleviates
cholesterol-induced hypoxia through the activation of the
AKT and Nrf 2/mTOR pathways and inhibition of carbohy-
drate metabolism in cardiomyocytes,” International Journal
of Molecular Medicine, vol. 39, no. 6, pp. 1409–1420, 2017.

13BioMed Research International



[61] X. Fang, H. Wang, D. Han et al., “Ferroptosis as a target for
protection against cardiomyopathy,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 116, no. 7, pp. 2672–2680, 2019.

[62] J. He, D.Wo, E. Ma et al., “Network pharmacology-based anal-
ysis in determining the mechanisms of Huoxin pill in protect-
ing against myocardial infarction,” Pharmaceutical Biology,
vol. 59, no. 1, pp. 1191–1202, 2021.

[63] M. Zhang, C. Xu, X. Wang et al., “Baofeng Yang, Effects of
quercetin on experimental arrhythmias,” Journal of Harbin
Medical University, vol. 2, pp. 115–117, 2007.

[64] L. Wang, A. Tan, X. An, Y. Xia, and Y. Xie, “Quercetin dihy-
drate inhibition of cardiac fibrosis induced by angiotensin II
in vivo and in vitro,” Biomedicine & Pharmacotherapy,
vol. 127, article 110205, 2020.

[65] G. Bao, D. Yu, J. Qu, Y. Zheng, and L. Xu, “Inhibitory effect of
oxygen free radical on potassium channel activity of myocar-
dial cell membrane and salvianolic acid A,” Acta Academiae
Medicinae Sinicae, vol. 5, pp. 320–324, 1993.

[66] J. Huang and Z. Qi, “MiR-21 mediates the protection of
kaempferol against hypoxia/reoxygenation-induced cardio-
myocyte injury via promoting Notch 1/PTEN/AKT signaling
pathway,” PLoS One, vol. 15, no. 11, article e0241007, 2020.

[67] D. Yu, M. Li, Y. Tian, J. Liu, and J. Shang, “Luteolin inhibits
ROS-activated MAPK pathway in myocardial ischemia/reper-
fusion injury,” Life Sciences, vol. 122, pp. 15–25, 2015.

[68] L. Zhang, Z. Guo, Y. Wang, J. Geng, and S. Han, “The protec-
tive effect of kaempferol on heart via the regulation of Nrf2,
NF- κβ, and PI3K/Akt/GSK-3β signaling pathways in
isoproterenol-induced heart failure in diabetic rats,” Drug
Development Research, vol. 80, no. 3, pp. 294–309, 2019.

[69] X. Zou, X. Fan, Y. Tian, and J. Shang, “Effects of Luteolin and
Its Analogues Against Myocardial Ischemia/Reperfusion
Injury, LipidMetabolism and Apoptosis,” Journal of Nanjing
University of Traditional Chinese Medicine, vol. 36, no. 3,
pp. 380–386, 2020.

14 BioMed Research International


	Mechanism of Danhong Injection in the Treatment of Arrhythmia Based on Network Pharmacology, Molecular Docking, and In Vitro Experiments
	1. Introduction
	2. Materials and Methods
	2.1. Cell Experiments Using In Vitro Human Cardiomyocyte Model
	2.1.1. Experimental Materials
	2.1.2. Cell Viability Measurement
	2.1.3. Cell Grouping and Establishment of the Arrhythmia Model
	2.1.4. Calcium Imaging

	2.2. Network Pharmacology and Molecular Docking
	2.2.1. Screening of Active Ingredients of DHI
	2.2.2. Screening of Drug–Disease Targets
	2.2.3. Construction of Protein–Protein Interaction (PPI) Networks and Enrichment Analysis of Gene Ontology (GO) Function and Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathways
	2.2.4. Molecular Docking

	2.3. Real-Time Quantitative Reverse Transcription PCR (qRT–PCR)
	2.4. Statistical Analysis

	3. Results
	3.1. Evaluation of the Therapeutic Effect of DHI on Arrhythmias in hiPSC-CMs
	3.2. The Results of Network Pharmacology and Molecular Docking
	3.2.1. Screening of Active Ingredients and Targets of DHI
	3.2.2. Construction of the Drug-Chemical Composition-Target Pathway Network and the Verification of Molecular Docking
	3.2.3. Annotation Analysis of the Biological Functions of the Potential Targets of DHI in the Treatment of Arrhythmia
	3.2.4. Construction and Analysis of the Intersection Gene PPI Network of Danhong Injection in the Treatment of Arrhythmia

	3.3. Evaluation of mRNA Expression Levels of AKT1 and HMOX1 in hiPSC-CMs by qRT–PCR

	4. Discussion
	5. Advantages and Disadvantages
	6. Conclusion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

