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Background. Coronary heart disease (CHD) seriously affects human health, and its pathogenesis is closely related to athero-
sclerosis. 5e Huzhang (the root of Polygonum cuspidatum)–Shanzha (the fruit of Crataegus sp.), a classic herb pair, has been
widely used for the treatment of CHD. In recent years, Huzhang–Shanzha herb pair (HSHP) was found to have a wide range of
effects in CHD; however, its therapeutic specific mechanisms remain to be further explored.5e aim of this study was to elucidate
the molecular mechanism of HSHP in the treatment of CHD using a network pharmacology analysis approach. Methods. 5e
Batman-TCM database was used to explore bioactive compounds and corresponding targets of HSHP. CHD disease targets were
extracted from Genecards, OMIM, PharmGkb, TTD, and DrugBank databases. 5en, the protein-protein interaction (PPI)
network was constructed using the STRING web platform and Cytoscape software. GO functional and KEGG pathway en-
richment analyses were carried out on the Metascape web platform. Finally, molecular docking of the active components was
assessed to verify the potential targets of HSHP to treat CHD by the AutoDock Vina and PyMOL software. Results. Totally, 243
active components and 2459 corresponding targets of LDP were screened out. Eighty-five common targets of HSHP and CHD
were identified.5e results of the network analysis showed that resveratrol, anthranone, emodin, and ursolic acid could be defined
as four therapeutic components. TNF, ESR1, NFLB1, PPARG, INS, TP53, NFLBIA, AR, PIK3R1, PIK3CA, PTGS2, and NR3C1
might be the 12 key targets. 5ese targets were mainly involved in the regulation of biological processes, such as inflammatory
responses and lipid metabolism. Enrichment analysis showed that the identified genes were mainly involved in fluid shear force,
insulin resistance (IR), inflammation, and lipid metabolism pathways to contribute to CHD. 5is suggests that resveratrol,
anthranone, emodin, and ursolic acid from HSHP can be the main therapeutic components of atherosclerosis. Conclusion. Using
network pharmacology, we provide new clues on the potential mechanism of action of HSHP in the treatment of CHD, whichmay
be closely related to the fluid shear force, lipid metabolism, and inflammatory response.

1. Introduction

Cardiovascular diseases, which seriously affect the quality of
life of patients and bring a huge burden to the society, are the
main cause of death worldwide [1–3]. Studies also showed
that the incidence of cardiovascular diseases in the elderly is
nearly three times higher than in other age groups [4].

Studies also showed that the incidence of cardiovascular
diseases in the elderly is nearly three times higher than in
other age groups [5]. 5e use of statins and antiplatelet
agents has significantly reduced the incidence of cardio-
vascular events. However, the long-term risk of drug de-
pendence and residual CHD remains an unanswered
question [6]. CHD is a disease caused by multiple factors.

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2021, Article ID 5569666, 14 pages
https://doi.org/10.1155/2021/5569666

mailto:764650618@qq.com
mailto:huangguirui@foxmail.com
mailto:wumin19762000@126.com
https://orcid.org/0000-0002-4852-5485
https://orcid.org/0000-0002-4842-6241
https://orcid.org/0000-0001-6398-317X
https://orcid.org/0000-0002-1392-9738
https://orcid.org/0000-0001-7781-5820
https://orcid.org/0000-0002-1082-5829
https://orcid.org/0000-0002-0196-0746
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5569666


Long-term repeated use of a certain drug may produce drug
resistance. 5erefore, it is very necessary to find new targets
for the combined application of drugs.

5e underlying mechanisms induced by the traditional
Chinese medicine (TCM) are complex, and its components
and targets are often multiple [7]. Clinical experience has
shown that the combined application of Polygonum cuspi-
datum with detoxification effect and Hawthorn with acti-
vating blood effect can relieve the degree of angina pectoris
to a certain extent. 5e cardiovascular activity and clinical
significance of HSHP extracts have been extensively studied.
Crataegus sp., commonly known as hawthorn, belongs to the
family Rosaceae. Studies have showed that the main com-
ponents of hawthorn extract, such as flavonoids, polyphe-
nols, and oligo-procyanidins, have antiatherosclerotic effects
[8]. However, its therapeutic effect on patients with CHDhas
not been reported. P. cuspidatum is often used in TCM to
clear dampness and heat, and detoxifying, promoting blood
circulation, and removing blood stasis. Moreover, P. cus-
pidatum is also used for its anti-inflammatory effects. In
particular, resveratrol, which is main P. cuspidatum in
component, was shown to play an important role in im-
proving vasodilation and prevent thrombosis and athero-
sclerosis onset [9]. Our previous research confirmed that
resveratrol can regulate intracellular lipid metabolism
through peroxisome proliferator-activated receptors
(PPARs), inhibit the formation of macrophages and foam
cells, and have a certain anti-inflammatory effect in a mouse
model of atherosclerosis [9]. At the same time, it has also
been confirmed that flavonoids extracted from hawthorn
can reduce the serum total cholesterol (TC), triglyceride
(TG) and low-density lipoprotein cholesterol (LDL-C) levels
and increase high-density lipoprotein cholesterol (HDL-C)
levels, and at the same time, have a protective effect on aortic
endothelial cells and can also reduce the size of athero-
sclerotic plaque [10]. However, the specific molecular
mechanism triggered by the combined treatment with
HSHP in CHD still needs further investigations.

In addition, due to the diversity of TCM components
and the complexity of their interactions with the human
body, traditional single-agent or monomer studies cannot
fully explain the specific therapeutic effects of TCM [11, 12].
5erefore, we study the mechanism of HSHP in CHD by
network pharmacology. Network pharmacology explains the
mechanism of disease and drug action from the overall
perspective of biological networks. It is an emerging disci-
pline that is developed on the basis of system pharmacology
and bioinformatics to study the interaction between drugs
and disease [13]. Network pharmacology researches disease
treatment targets based on the characteristics of TCM
compound prescriptions and bioinformatics. By predicting
the complex “drug-target-disease” relationship, it is helpful
for clinical drug safety and effectiveness evaluation [14]. In
addition, the multicomponent, multitarget, and regulatory
network based on network pharmacology can reveal the
clinically complex mechanism of action of drugs, which is
particularly suitable for studying the mechanism of TCM
compounds and their complex components from a “holistic
perspective” [15].

5is study uses network pharmacology and bio-
informatics analysis to predict the candidate compounds
and mechanisms of HSHP in the treatment of CHD. In
addition, we also combined with literature analysis to clarify
the relationship between the herbal active components and
diseases, thereby identifying a new strategy for the pre-
vention and treatment of CHD. 5e specific network
pharmacology and bioinformatics approach employed in the
study are shown in Figure 1.

2. Materials and Methods

2.1. Effective Chemical Composition and Targets of HSHP.
BATMAN-TCM database (https://bionet.ncpsb.org/
batman-tcm/) was specifically designed for the study of
TCM molecular mechanisms, allowing to predict the TCM
component targets and the complete component-target-
pathway association network. 5e chemical constituents of
P. cuspate and hawthorn were explored using the BATMAN-
TCM database, as detailed in Supplementary Table S1. 5e
Batman-TCM database, with a score cut-off of 20 and an
adjusted P-value of 0.05 (as shown in Supplementary Table
S2), was used to search for active components of HSHP, and
their corresponding disease targets.

2.2. Potential Disease Target Genes. UniProt identifiers of
HSHP were obtained from the UniProt database (https://www.
un.org). GeneCard (https://www.genecards.org/), OMIM
(https://www.omim.org/), PharmGkb (https://www.
pharmgkb.org/), 5erapeutic Targets Database (https://db.
idrblab.net/ttd/), and DrugBank (https://www.drugbank.ca)
were used to search CHD-related genes. Venny v2.1 (https://
bioinfogp.cnb.csic.es/tools/venny/index.html) online tool was
used to map the drug-diseases overlap genes. 5e common
targets of HSHP and CHD could represent the potential
therapeutic targets. Finally, Cytoscape software (Version 3.7.1)
was used to map the disease network of drug components.

2.3. “Herbal-Compound-Target” Network Construction.
5e “Herbal-compound-target” network was constructed
using the network visualization software Cytoscape (Version
3.7.1). 5e network diagram of proteins and their inter-
actome was also constructed. Topological parameters were
used to screen the key active compounds and CHD-related
targets of HSHP. 5e String database (https://string-db.org/
cgi/input.pl) was used to explore the PPI. 5e “organism”
option was set to “Homo sapiens,” and PPI with a composite
score greater than 0.5 was selected as the core gene.

2.4. Protein-Protein Interaction (PPI) Network and Key Gene
Screening. 5e CHD targets related to HSHP obtained from
the String database were mapped using Cytoscape software
(Version 3.7.1). 5e species parameter was set as “Homo
sapiens,” and the confidence score was limited to “>0.7,” hide
discrete targets, the PPI network was built, and the date of
the network was exported. We then used the Cytoscape
plugin CytoNCA to screen critical targets in the PPI
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network. Betweenness centrality, closeness centrality, and
degree centrality were chosen as the parameters to calculate
topological features of the PPI network. Betweenness cen-
trality was used to assess how much the shortest paths must
pass through a given node.

2.5. EnrichmentAnalysis. In order to further understand the
underlying mechanisms of HSHP for the treatment of CHD,
gene ontology (GO, https://geneontology.org/), function

annotation, and the Kyoto Encyclopedia of Genes and
Genomes (KEGG, https://www.genome.jp/kegg/) pathway
enrichment analysis were performed on the 85 common
target genes of the identified drug-disease-target network
using the R 3.6.1 software with the Bioconductor Package.
5e obtained target genes molecular function (MF), bio-
logical process (BP), and cellular component (CC) were
analysed. P-value <0.05 was considered statistically signif-
icant. 5e top 30 items with the highest enrichment were
selected for analysis. Lastly, the RGUI and pathview tools in
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Figure 1: 5e flowchart of HSHP in treating CHD based on the network pharmacology approach.
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the KEGG database were used to refine target list and
identify the top 20 genes. 5e target pathway network was
established through the connection between the target and
KEGG pathway analysis data, and the pathway with a degree
greater than or equal to the median, and related to CHD, was
selected as the main pathway for further research.

2.6. Acquisition of Drug-Like Components and CHD Target
Crystals and Molecular Docking Verification. 5e drug
components of HSHP, and the targets of CHD, were ob-
tained by analysing the drug-disease-target network. 5e
chemical library database (https://www.chemicalbook.com/)
was used to find and download the drug molecular structure.
5e protein crystal structure of the CHD-related target was
obtained from the RCSB Protein Data Bank database
(https://www.rcsb.org/).5e structure and chemical formula
of the target and drug, respectively, were obtained from the
RCSB Protein Data Bank structured and PubChem (https://
pubchem.ncbi.nlm.nih.gov/). 5e AutoDock Tools 1.5.6
(https://autodock.scripps.edu) was used to perform hydro-
genation and remove water molecules for protein processing
and molecular docking and calculate the docking binding
energy of each complex to evaluate the binding effect. PyMol
2.3.2 software (https://pymol.org/2/) was used to predict the
protein molecular docking mechanism.

3. Results

3.1. Active Components and Disease Targets of HSHP.
Active components of HSHP, and their corresponding
disease targets, were acquired from the Batman-TCM da-
tabase (as shown in Supplementary Table S2). A total of 85
active components were selected (the results are shown in
Supplementary Table S3). Resveratrol, a polyphenolic
compound extracted from the root of P. cuspidatum, has
been proved to have antiatherosclerosis, immune regulatory
[16], antibacterial [17], and anti-inflammatory pharmaco-
logical effects [18]. Emodin was extracted from the dried
rhizome and root of P. cuspidatum and was shown to inhibit
the levels of inflammatory factors and reactive oxygen
species (ROS) by inhibiting the TLR4/NF-κB signalling
pathway, thereby acting as an anti-inflammatory and anti-
oxidant agent, protecting the vascular endothelium and
preventing atherosclerosis [19]. Ursolic acid is a pentacyclic
triterpene and was demonstrated to have anti-inflammatory,
antitumour, lipid-lowering, and other pharmacological ac-
tivities [20].

3.2. “Herbal-Compound-Target” Network Analysis. 5e ef-
fective active component targets collected from UniProt
database were merged with the disease genes collected from
Genecards (1,896 compounds), OMIM (480 compounds),
PharmGkb (115 compounds), TTD (2 compounds), and
DrugBank (35 compounds) (Figure 2(a)). Among them,
there were 243 active components corresponding targets,
2,459 disease targets, and 85 intersections genes
(Figure 2(b)). Active components and target genes were
entered into the Cytoscape software, then the isolated

components were deleted because of the lack of intersection
with the targets. And we acquire a network diagram of the
interaction between the drug component and target disease
(Figure 3). 5e degree value represented the number of
associations between the component and the target. 5e
greater the degree value of the target point, the more im-
portant is its component.

3.3.PPINetworkandKeyTargetsAnalysis. We introduced 85
common targets into the STRING online service platform,
and the date and figure of a PPI network were acquired
(Figure 4). Cytoscape software (Version 3.7.1) was used to
construct the component-target network, and CytoNCAwas
used to obtain the PPI network after two screenings. In total,
30 nodes were obtained in the first screening, and 12 targets
(INS, PPARG, TNF, NR3C1, TP53, PIK3CA, PIK3R1,
NFKB1, NFKBIA, PTGS2, ESR1, and AR) were finally ob-
tained after a second screening (Figure 5). 5e PPI network
nodes represent the proteins, and the edges represent the
interactions between the proteins.

3.4. GO and KEGG Pathways Enrichment and Target Path
Analyses. Using the DAVID database, the MF, BP, and CC
of the 58 core targets in the treatment of CHDwere analysed,
and 81 molecular functions were obtained. With P-value
<0.05 as the threshold, the top 30 GO biological function
analysis results were screened out (Figure 6(a)). Among
them, the most relevant BPs were the regulation of in-
flammatory response and blood pressure, regulation of lipid
and steroid metabolism, intracellular and hormone-medi-
ated signalling pathways, and other metabolic aspects. 5e
same method was used for the KEGG enrichment analysis,
and the relevant signalling pathways were obtained, using
P-value <0.05 as the threshold. 5e top 30 KEGG results
were mainly composed of insulin, longevity regulation,
cAMP, mTOR, and AMPK signalling pathways. Various
types of apoptosis and fluid shear stress elements were also
identified (Figure 6(b)). 5e signalling pathway maps of
HSHP for the treatment of CHDwere obtained by the KEGG
Mapper tool (Figure 7; Supplementary Table S6).

3.5. Molecular Docking Analysis. For the purpose of vali-
dating the study results of the network analysis, the mo-
lecular docking between the key targets (TNF, NF-κB, and
ESR1) and their corresponding active compounds was
performed. Discovery Studio software was used to observe
the compounds entering the protein active pocket, and their
affinity (Kcal/mol) was used to identify the degree of ligand
binding to the receptor protein and verify the therapeutic
mechanism of hawthorn in the treatment of CHD (the
results are shown in Supplementary Table S5). 5e drug
simvastatin was used as control in the analysis. When the
binding energy is <0 kJmol, the small molecule ligand can
spontaneously bind to the protein receptor. If the binding
energy is <−5.0 kJmol or lower, it indicates that the two have
the better binding ability. No significant difference in the
molecular docking matching between HSHP was observed.
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5e results showed that there was no significant difference
between the molecular docking of HSHP and simvastatin,
which validated the results of the network pharmacology
analysis. 5ese findings also verified the regulatory effects of
HSHP on the targets NF-κB and ESR1 of CHD.5e docking
results of HSHP to the CHD protein receptor were shown in
Supplementary Table S4, and the partial best molecular
docking target processes and the bnding free energy are
shown in Figure 8 and Table 1.

4. Discussion

Atherosclerosis is one of the major causes of CHD world-
wide [27]. Currently, the toxic and side effects of commonly
used synthetic drugs, such as statins, nicotine, angiotensin
receptor blockers, antioxidants, anti-platelets, and antico-
agulants, limit their use in the treatment of CHD [28].
Chinese herbal medicine is often a multicomponent, mul-
titarget, and low-cost therapeutic option that does not have
obvious toxic and side effects. According to previous in-
vestigations, there are relevant evidences that the compat-
ibility of hawthorn and P. cuspidatummay hold potential for
the treatment of atherosclerosis [9, 10], and possibly CHD.

5erefore, this study adopted the network pharmacology
analysis approach to comprehensively assess the underling
mechanism of action of HSHP in the treatment of CHD.

Herein, NF-κB, TNF, and ESR1 were found to be hub
targets based on the results of the network analysis. NF-κB is
a protein complex found in various animal cells and is
involved in the cellular response to stimuli. 5e main
function of NF-κB is to initiate gene transcription. In-
flammatory mediators and cytokines are one of the tran-
scription products regulated by NF-κB. NF-κB plays an
important role in the occurrence and development of CHD
by regulating the transcription of downstream inflammatory
mediators and cytokines [29]. Jin et al. [30] showed that NF-
κB1 plays an important role in the regulation of inflam-
mation, and mutation of its coding gene is related to the risk
of acute coronary syndrome among han people in Xinjiang,
China [31]. In addition, omega 3 fatty acids reduce NF-κB1,
thereby altering the endothelial cell function, reducing in-
flammation, and slowing the development of atherosclerosis.
Studies have shown that resveratrol can protect the car-
diovascular tissues of rats with CHD and diabetes by
downregulating the TLR4/MyD88/NF-κB signalling path-
way [32]. TNF-α is produced by monocytes and

hawthorn
Knotweed

Figure 3: Network diagram of interaction between Polygonum cuspidatum and hawthorn and the target disease (red and blue knots
represent the main active components of HSHP, respectively, and the yellow knots represent their potential targets in the treatment of
CHD).
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macrophages, exists in atherosclerotic plaques, and partic-
ipates in the formation of atherosclerosis. TNF-α levels are
elevated in patients with CHD, which can cause myocardial
remodeling and aggravate heart function. Inflammatory
factors IL-1 and TNF-α are regulated by NF-κB. Inflam-
matory factors IL-1 and TNF-α are regulated by NF-κB. At
the same time, IL-1, TNF-α and related cytokines released
form a positive and negative feedback loop that can activate
NF-κB and cause cytokines to continuously increase. Par-
ticipate in the occurrence and development of atheroscle-
rosis. Clinical studies have shown that the interaction
between TNF-α and oxidative stress is related to the severity
of coronary atherosclerosis and can be used as a potential
noninvasive diagnostic organism for coronary chronic total
occlusions (CCTO) in elderly patients with CHD landmark
[33]. Studies have shown that oestrogen can inhibit the
development of atherosclerosis and has a direct anti-
atherosclerosis effect [34, 35]. Moreover, when atheroscle-
rosis occurs, the early use of oestrogen therapy can allow
oestrogen to fully bind to its receptor, thus protecting the
blood vessels [36, 37]. 5erefore, inflammation and oes-
trogen receptor are likely to be important target pathways for
HSHP to treat atherosclerosis.

In order to further understand the mechanism of HSHP
against atherosclerosis, the GO biological function analysis
and the KEGG functional enrichment analysis was per-
formed. 5e GO biological function analysis revealed that the
BP mainly involved were the regulation of inflammatory
response, fat and steroid metabolic processes, blood pressure,
as well as hormone-mediated and intracellular receptor

signalling pathways. MF mainly focused on lipid- and in-
flammation-related aspects, such as steroid receptor activity,
steroid binding, and nuclear receptor activity. CC was mainly
concentrated in the transcription regulator complex, RNA
polymerase II transcription regulator complex, nuclear
chromatin, and other aspects. 5e KEGG analysis results
showed that the therapeutic approaches of HSHP against
atherosclerosis were mainly related to hemodynamic, meta-
bolic disorders, and inflammatory signalling pathways, in-
cluding fluid shear force and IR, as well as AMPK, cAMP, and
mTOR signalling pathways. 5ese findings are in agreement
with our previous studies, which demonstrated that cAMP,
mTOR, and AMPK pathways play key roles in the therapeutic
mechanism of atherosclerosis by regulating inflammation,
lipid metabolism, cell proliferation, and apoptosis.

5e results showed that resveratrol, anthranone, emodin,
and ursolic acid were the most probable therapeutic com-
ponents identified by the composition-to-target network
and subsequentmolecular docking affinity analysis (Table 1).
Modern pharmacology has showed that resveratrol has anti-
inflammatory, anti-tumour, and other biological effects [38].
Xiong et al. [39] found that by inhibiting the activation of the
PI3K/Akt/mTOR pathway in ApoE−/− mice, resveratrol
could play an antiatherosclerosis role. Emodin is an an-
thraquinone compound, which have been shown to have
anti-inflammatory and cardiovascular protective effects
[40–42]. Nemmar et al. [43] found that emodin can prevent
the release of TNF induced by diesel exhaust particles,
significantly alleviating the changes in the activity of the
antioxidant enzymes superoxide dismutase and glutathione
reductase E, reducing the risk of thrombus formation in
human arterioles and venules, thereby protecting the car-
diovascular system. Moreover, Seo et al. [44] found that
emodin-8-o-glucoside inhibits platelet aggregation induced
by collagen and thrombin, significantly prolonging bleeding
time in vivo. Other studies have shown that aloe emodin can
promote retinal neovascularization by inhibiting the HIF-1/
VEGF signalling pathway, possibly playing a role in the
treatment of diabetic retinopathy [45]. Ursolic acid and its
isomer oleanolic acid are pentacyclic triterpenes derived
from plants, which have antitumour, antiliver fibrosis,
antiatherosclerosis, and other effects [46]. Studies showed
that ursolic acid, oleanolic acid, and their derivatives can
inhibit the activation of proinflammatory pathways and
promote the transcription of antioxidants by activating Nrf2,
thus exerting anti-inflammatory and antioxidant effects [47].
5erefore, resveratrol, anthranone, emodin, and ursolic acid
may be important components in the treatment of CHD.

Based on the previous related research of our team and
other literature, we further studied the prediction results of
network pharmacology. Our previous research results
showed that HSHP may inhibit the activation of NF-κB,
ESR1, and TNF signalling pathways and downregulate the
expression of inflammatory factors IL-6, mainly by reducing
serum lipid levels such as TG, TC, ApoB100, and Lp(a) [10].
5ese results support the network pharmacology data and
prove that HSHP affects the expression of core genes and
changes the signalling pathways such as NF-κB, ESR1, and
TNF. TNF is an important proinflammatory factor that

Figure 4: PPI network of HSHP and CHD common targets.
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Figure 5: Screening of the key targets in the PPI network.
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mediates inflammatory and immune responses. It can
regulate lipid metabolism and stimulate the expression of
adhesion molecules in itself, and IL-1 and IL-6 cells play a
pro-inflammatory effect and accelerate the formation of
atherosclerosis [48]. Some studies have reported that
resveratrol and its analogs may inhibit the early events of
atherosclerosis by regulating the adhesion and transport of
monocytes [49]. Resveratrol can significantly reduce the
plasma and liver TG, TC, and free fatty acid concentrations
in high fat diet rats, and the mechanism of its action may be
related to the reduction of liver TNF-α expression and lipid
peroxidation levels [50]. In a mice model of ulcerative colitis,
polydatin targets the NF-κB-p65 pathway and exerts an anti-
inflammatory effect by blocking the expression of the main
inflammatory cytokines TNF-α, IL-6, and IL-1β [51]. In
addition, studies have observed that the beneficial effect of
polydatin on HFD-induced obese mice is attributed to the
regulation of the expression of TNF-α, MCP-1, IL-6,
S100A8, and S100A9 triggered inflammation [52]. In this
study, in addition to verifying the TNF signalling pathway
predicted by the PPI target gene, our previous research also
found that the downstream IL-6 inflammatory factor

expression changes. 5e related literature was shown in
Table 2.

However, contrasting with previously reported data, these
results also suggested that shear force and IR could be involved
in the antiatherosclerotic mechanisms induced by HSHP. 5e
turbulence and low shear stress generated at the bifurcation,
branching exit, and bending of blood vessels may promote cell
proliferation and apoptosis, promoting the inflammatory re-
sponse, lipid uptake, and synthesis by the endothelium, as well
as the subcutaneous aggregation of monocytes and lipids,
thereby increasing the risk of plaque and thrombus formation
[53]. In addition, temporary activation of NF-κB in straight
arteries under normal endothelial shear stress would play an
important biological role in improving eNOS expression, as
well as the expression of its target genes, such as MCP-1,
ICAM-1, and VCAM-1, which will in turn promote white
blood cell aggregation and the inflammatory response.

IR is the main line and central link of various metabolic
abnormalities and CHD [54] and is closely related to the
occurrence and development of CHD. For example, studies
have shown the presence of IR in patients with CHD [55].
Moreover, IR can cause and accelerate atherosclerosis through
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Figure 6: GO functional and KEGG pathway enrichment analyses of HSHP potential therapeutic targets for CHD. 5e top 30 terms of BP,
CC, MF in GO functional and KEGG terms were identified based on the main active ingredients of HSHP (BP: biological processes; CC:
cellular component; MF: molecular function).
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inflammation, oxidative stress reaction, lipid metabolism dis-
order, endothelial injury, and other factors. IR can activate JNK
and IKK by increasing the levels of ROS to initiate and amplify

the inflammatory response and promote the occurrence of
endothelial disorders [56]. For example, JNK promotes the
secretion of inflammatory molecules such as matrix metals

Figure 7: Signalling pathway in CHD.
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proteins, interleukin-2 (IL-2), and TNF-ɑ [57]. In turn, TNF-ɑ
and IL-6 can affect the insulin signal transduction and increase
the release of free fatty acids (FFA), activates the MAPK
pathway, endothelial DAG and PKC signal pathways, and
intimal smooth muscle cells from middle to vascular endo-
thelial migration and activation, as well as the synthesis and
secretion of extracellular matrix proteins and fibrinolytic en-
zyme activator inhibitor 1 that will promote thrombosis [58].

5. Conclusion

5is study predicted the targets, mechanism, and related
signal pathways of HSHP in the treatment of CHD
through network pharmacology, verified the binding
abilities of herb active ingredients and their targets.
5rough molecular docking, this study found that the
docking effect of the common compounds of HSHP,
including resveratrol, emodin, and ursolic acid, was
similar to that of simvastatin. And these active compo-
nents bind well with the key targets NF-κB, TNF, and
ESR1. 5erefore, it is possible that HSHP plays an im-
portant role in the treatment of atherosclerosis, and their
therapeutic mechanism is mainly mediated by the mod-
ulation of hub targets involved in blood flow shear force,
IR, inflammation, and metabolism-related signalling
pathways. However, the study also has some limitations,
including the investigation of biologically active ingre-
dients and further experimental verification to verify the
impact of HSHP on CHD. 5erefore, further research is

needed to demonstrate HSHP potential therapeutic
mechanisms.
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Table 2: HSHP exerts anti-inflammatory effects on atherosclerosis via inhibiting NF-κB, TNF, and IL-6 signalling pathways.

Drugs Related pathway Model/patients Anti-inflammatory mechanism Ref

5e ethanol extract of hu-zhang TNF-α, IL-6, MCP-1 RAW264.7
macrophages TNF-α, IL-6, MCP-1↓ [21]

bioCurcumin, polydatin, liposomal
β-caryophyllene IL-1β, IL-6 HUVECs IL-1β, IL-6, p16ink4a ↓, SIRT1↑,

miR-146a, miR-21↓ [22]

Polydatin 5e phosphorylation of NF-κB p65,
JNK, and p38
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mice TNF-α, IL-4, IL-6, COX-2↓ [23]

P. cuspidatum, hawthorn TNF-α, IL-6 Participants with UA hs-CRP, TNF-α, IL-6↓, IL-10, and
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Total flavonoid extract from
hawthorn NF-κBp65-mediated MLCK-MLC Caco-2 cells IL-6, IL-8, MCP-1, and IL-1β↓ [25]

Alcohol extract of hawthorn fruit TNF-α Rats with CHF TNF-α, IL-1β↓ [26]
HUVECs: human umbilical vein endothelial cells; JNK: c-Jun N-terminal kinase; COX-2: cyclooxygenase-2; CHF: chronic heart failure; UA: unstable angina.

Table 1: Key components and target molecular docking information of HSHP.

Targets Protein Ingredient Id Binding free energy (kcal/mol)
TNF TNF 3,5-Dimethyl-4-methoxybenzoic acid TCMID:25838 −7.8
TNF TNF Caffeic acid dimethyl ether TCMID:23381 −7.6
NF-κB NF-κB 3,5-Dimethyl-4-methoxybenzoic acid TCMID:25838 −4.5
NF-κB NF-κB Simvastatin CID:54454 −6.4
ESR1 ESR1 Emodin TCMID:6775 −8.2
ESR1 ESR1 Polygalacic acid TCMID:25027 −7.4
ESR1 ESR1 Quillaic acid TCMID:31893 −7.9
ESR1 ESR1 Resveratrol TCMID:18628 −7.2
ESR1 ESR1 Simvastatin CID:54454 −9.3
ESR1 ESR1 Ursolic acid TCMID:22254 −7.9
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