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Background. Dyslipidemia has become a critical global issue for public health, with elevating prevalence and morbidity closely
related to many cardiovascular diseases (CVD) with high incidence rates. Crataegi Folium (known as Shanzhaye in China, SZ, the
leaves of Crataegus pinnatifida Bge. var. major N.E. Br. or Crataegus pinnatifida Bge) and Alisma rhizoma (known as Zexie in
China, ZX, the dried tuber of Alisma orientale (Sam.) Juzep or Alisma plantago-aquatica Linn), a classic combination of herbs,
have been widely used to treat dyslipidemia. However, the therapeutic mechanism of this pair still remains unclear. Hence, this
study aimed to elucidate themolecular mechanism of the Shanzhaye-Zexie herb pair (SZHP) in the treatment of dyslipidemia with
the use of a network pharmacology analysis approach. Methods. Active compounds, targets of the SZHP, and targets for
dyslipidemia were screened based on the public database. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment were performed on the database for annotation, visualization, and integrated discovery (DAVID
6.8). *e compound-target-disease-pathway network was visualized using the Cytoscape software, and SYBYL was used for
molecular docking. Results. Twelve active compounds in the SZHP were screened out, which were closely connected to 186
dyslipidemia-related targets. *e network analysis revealed that sitosterol, stigmasterol, isorhamnetin, kaempferol, and quercetin
might be candidate agents and CCND1, CASP3, HIF1A, and ESR1 genes were potential drug targets. GO analysis revealed 856
biological processes (BP), 139 molecular functions (MF), and 89 cellular components (CC). *e KEGG pathway enrichment
analysis indicated that the lipid level and atherosclerosis might influence the treatment of dyslipidemia. Molecular docking
showed that quercetin bound well to CCND1, HIF1A, MYC, AKT1, and EGFR genes. *ese findings were in accord with the
prediction obtained through the network pharmacology approach. Conclusions.*is study revealed the primary pharmacological
effects and relevant mechanisms of the SZHP in treating dyslipidemia. Our findings may facilitate the development of the SZHP or
its active compounds as an alternative therapy for dyslipidemia. Still, more pharmacological experiments are needed
for verification.

1. Introduction

Dyslipidemia is one of the significant risk factors for car-
diovascular diseases (CVD) and seriously affects the quality
of life of patients. It usually manifests as raised plasma
concentrations of total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), a decreased

plasma concentration of high-density lipoprotein choles-
terol (HDL-C), or a combination of the above features [1].
According to the 2019 WHO Global Burden of Disease
Study, dyslipidemia that is characterized by elevated levels of
LDL-C is the third-largest modifiable risk factor for the
global CVD burden, following high systolic blood pressure
and high fasting plasma glucose [2]. In 2019, 8.54 million
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people died of ischemic heart disease (IHD) worldwide, and
the death of 3.78 million of them was related to increased
plasma levels of LDL-C; 2.73 million people died of ischemic
stroke, and the death of 0.61 million of them was related to
high plasma levels of LDL-C [3].

*e treatment of dyslipidemia is dominated by statins,
used as monotherapy or in combination with ezetimibe,
proprotein convertase subtilisin/kexin type 9 (PCSK9) in-
hibitors, and fibrates, which have been demonstrated to be
effective in lipid-lowering and cardiovascular risk reduction.
Statins act by decreasing the cellular cholesterol content by
selectively inhibiting the enzyme HMG-CoA reductase,
limiting cholesterol biosynthesis, and lowering hepatic
cholesterol concentrations [4]; thus, it reduces major vas-
cular events, major coronary events and coronary revas-
cularizations, and ischemic stroke [5]. However, statins are
often associated with adverse effects such as liver toxicity and
myopathy. Recent evidence also showed that they are as-
sociated with an increased incidence of diabetes [6], which
might be related to their effect of decreasing insulin sen-
sitivity by lowering plasma adiponectin levels in a dose-
dependent manner, thereby leading to an approximately
20–30% higher risk of diabetes [7–9]. In addition, intensive
statin therapy is often associated with a higher incidence of
myolysis as well as a higher risk of liver enzyme elevation in
the Chinese population [10]. *erefore, alternative therapies
are necessitated to reduce adverse effects while maintaining
the therapeutic effects.

Traditional Chinese medicine (TCM), often used as a
complementary and an alternative therapy, has demon-
strated beneficial effects among patients with CVD and has
been increasingly welcomed worldwide [11]. It has been used
for over a thousand years to treat dyslipidemia in China,
with the advantages of a multitarget mechanism, a re-
markable effect, and a good safety profile. With various
active ingredients, TCM features global regulation of glucose
and lipid metabolism as well as energy homeostasis [12].

Crataegi Folium (known as Shanzhaye [SZ], the leaves
of Crataegus pinnatifida Bge. var. major N.E. Br. or Cra-
taegus pinnatifida Bge) and Alisma rhizoma (known as
Zexie [ZX], the dried tuber of Alisma orientale (Sam.) Juzep
or Alisma plantago-aquatica Linn.) form a classic combi-
nation of herbal drugs and have been widely used in clinical
practice for their significant effects in dyslipidemia.
According to the theory of TCM and the Pharmacopoeia of
the People’s Republic of China, SZ activates blood and
removes stasis, regulates qi and promotes blood circula-
tion, removes turbidity, and lowers lipids, whereas ZX
promotes urination and drains dampness, discharges heat,
resolves turbidity, and lowers lipid [13]. *rough data
mining on clinical studies on the treatment of dyslipidemia
with TCM compound prescriptions from 1979 to 2019,
Geng et al. found that SZ was the most frequently used herb
(frequency: 577, prescription ratio: 73.41%), followed by
ZX (frequency: 451, prescription ratio: 57.38%), and SZ and
ZX were the most frequently used drug pair (frequency:
378, prescription ratio: 48.09%) [14].

Studies have shown that SZ has a variety of effects on
dyslipidemia, diabetes, and atherosclerosis [15], while ZX

has good therapeutic effects of lowering lipids, eliminating
edema, improving metabolism, as well as reducing in-
flammation and tumor burden [16]. To date, the hypolipi-
demic activity and the clinical implications of SZ and ZX
extracts have been extensively studied. It was found that
flavonoid and triterpenic acids extracted from SZ can de-
crease the level of serum lipids, such as TC and TG [17, 18].
Furthermore, triterpenes in ZX can effectively lower serum
lipids by lowering serum TC and LDL-C levels, thus re-
ducing the Atherogenic Index [19]. *erefore, they have
been regarded as the main ingredients in some Chinese
patent lipid-lowering drugs such as Xuezhiling Tablets,
Zhibitai Capsules, and Zhikeqing Capsules. However, the
molecular mechanism of the SZ-ZX herb pair (SZHP)
against dyslipidemia still remains poorly understood.

Recently, network pharmacology has been proposed as a
promising approach to study TCM from the systems per-
spective and the molecular level, which integrates a large
number of network database resources and uses bioinformatics
technology to build an overall drugs-targets-diseases network.
In addition, the multicomponent, multitarget, and regulatory
network based on network pharmacology can reveal the
complex mechanism of the action of the drugs; therefore, this
approach is particularly suitable for studying the mechanism of
TCM compounds and their complex components from a
holistic perspective [20]. Molecular docking simulates in vivo
ligand-receptor docking through informatics. As it predicts the
potential binding mode between ligands and acceptors, it has
been used for in-depth exploration of the relationship between
ligands and receptors as well as the design and development of
new drugs [21].

*erefore, with the help of network pharmacology and
molecular docking technology, this study intends to explore
the cotreatment of dyslipidemia with the SZHP and further
clarify its molecular mechanism in order to provide a basis
for the interpretation of relevant connotations, theoretical
research, and precise clinical application of this promising
herb pair.*e specific network pharmacology andmolecular
docking technology employed in the study are shown in
Figure 1.

2. Materials and Methods

2.1. Acquisition of Bioactive Compounds of SZHP. *e Tra-
ditional Chinese Medicine Systems Pharmacology Data-
base and Analysis Platform (TCMSP, https://tcmsp-e.com/
, updated version, 2 June 2021) is specifically designed for
the identification of the drug-target and drug-disease
networks as well as the mechanism of action of TCM [22],
and all the candidate herbal compounds of the SZHP
needed in this study were obtained from it. Based on lit-
erature reports and pharmacokinetic parameters, the
pharmacokinetic properties, including absorption, distri-
bution, metabolism, and excretion (ADME), are essential
contributors to the bioactivities of drugs. *e compounds
with an oral bioavailability (OB) of ≥30% are regarded with
excellent absorption and slow metabolism after oral ad-
ministration, and the compounds with a druglikeness (DL)
of ≥0.18 were considered chemically suitable for drug
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development. Hence, two ADME-related parameters, OB
and DL, were selected to identify the potentially active
compounds in the SZHP [23].

2.2.PredictionofCompound-RelatedTargets. After acquiring
the active compounds of the SZHP from the TCMSP, the
corresponding targets were obtained. *e UniProt database

TCMSP datebase GeneCard,OMIM 

Network construction

Go function and KEGG enrich analysis

Molecular docking 

Active compounds Targets of dysilipidemia

Figure 1: Workflow for network pharmacology-based prediction and molecular docking technology.
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(https://www.uniprot.org/) was used to convert all target
proteins into their corresponding gene symbols with the
“Homo sapiens” species to standardize gene names and
organisms to prevent over annotation of similar proteins.

2.3. Acquisition of Herb-Disease Genes. We searched Gen-
eCards (https://www.genecards.org/) and the OMIM data-
bases (Online Mendelian Inheritance in Man, https://omim.
org/) for “Homo sapiens” genes only, with keywords of
“dyslipidemia,” “hyperlipidemia,” “hypercholesterolemia,”
“hypertriglyceridemia,” “hyperlipoproteinemia,” “hypo-
alphalipoproteinemia,” and “hypobetalipoproteinemia”;
duplicate genes were deleted. All the target genes obtained
from the two databases were summarized. Subsequently,
active compound targets were mapped to the dyslipidemia-
related targets, and therapeutic targets of the SZHP against
dyslipidemia were obtained using a Venny 2.1 online tool.

2.4. Protein-Protein Interaction (PPI)Network. *e common
targets of drugs and diseases were entered into the Search
Tool of the Retrieval of Interacting Genes database
(STRING, https://www.string-db.org/) for PPI network
construction. To screen out key target genes with a high
degree of connectivity with the SZHP against dyslipidemia,
the CytoNCA tool (a plug-in of Cytoscape) was used to
analyze the topological properties of the targets. Topological
analysis was performed using a network analyzer tool for the
estimation of three parameters, i.e., degree centrality (DC),
betweenness centrality (BC), and closeness centrality (CC),
with a greater node connection degree centrality indicating
higher importance of a node in the PPI network. Targets
showing above-average values of the three parameters were
selected by the value of DC.

2.5. Protein-Protein Interaction Enrichment Analysis.
Protein-protein interaction enrichment analysis has been
carried out with the use of the following databases: STRING,
BioGrid, OmniPath, and InWebIM. Only physical interac-
tions in STRING (physical score >0.132) and BioGrid da-
tabases were used. *e resultant network contained the
subset of proteins that formed physical interactions with at
least one other member in the list. If the network contained 3
to 500 proteins, the molecular complex detection (MCODE)
algorithm was to be applied to identify densely connected
network components.

2.6. Gene Ontology (GO) Functional Annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway En-
richment Analysis. To further explore the underlying
mechanisms of the SZHP for the treatment of dyslipidemia
and to elucidate the biological processes of the target pro-
teins in different clusters and their roles in signaling
transduction, GO function annotation (https://
geneontology.org/) and KEGG pathway enrichment analy-
sis (https://www.genome.jp/kegg/) were used. By entering a
list of target genes and limiting the species to human only, all
target genes were corrected to their official gene symbol. GO

terms and KEGG pathways with a p value of <0.01 after
Bonferroni correction were considered significant; to avoid
false positiveness, Benjamini–Hochberg’s FDR multiple
comparison correction was used, with a minimum count of 3
and an enrichment factor of >1.5 in the KEGG pathway
enrichment analysis. Finally, the first 20 entries were selected
and plotted into a bar chart for visualization using an online
gene function analysis (Metascape, https://metascape.org/).

2.7. Compound-Target Molecular Docking Verification.
Molecular docking is a crucial technology of network
pharmacology that combines known proteins with small
compounds and validates compound-target interaction [24].
Using the standard model of the Surflex-Dock module of the
SYBYL 2.1.1 software, the three core bioactive compounds of
the SZHP were molecularly docked with key targets. First,
the format file of the main active ingredient mol2 was
downloaded from the PubChem database in advance, and
then minimized using the ChemDraw20.0 software. Sec-
ondly, the ID and highest resolution 3D structure of the
target protein were found in the PDB database (https://www.
rcsb.org/) and exported in the PDB format. Finally, the water
and small molecule ligands were removed using the SYBYL
software, and the terminal residue repair, hydrogenation,
and charge calculation were performed to complete the
molecular docking.

3. Results

3.1. Screening of Active Compounds of the SZHP. After
ADME screening on the TCMSP database, 12 candidate
active compounds and 186 targets were screened out (Ta-
ble 1). *e results indicated that one compound regulated
multiple targets, such as quercetin, kaempferol, sitosterol,
and isorhamnetin, suggesting that the SZHP has a multi-
ingredient and multitarget feature in the treatment of
dyslipidemia. Besides, a compound might be present in
different herbs, while different herbs could contain multiple
effective components, which is an essential basis for the
multitarget effect of TCM. *en, the corresponding genes
were extracted in the Uniprot database through checking of
targets. Active compounds and target genes are presented in
Figure 2.

3.2. Drug-Disease Core Target Acquisition. A total of 2,255
related genes were retrieved from the GeneCards database,
and 493 genes were obtained from the OMIM database.
After merging and deduplicating the genes, 2,597 genes were
obtained. A Venn diagram was constructed by inputting the
screened drug targets and disease targets into the Venny
software, and a total of 132 shared targets were obtained.
Details are presented in Figure 3.

3.3. PPINetworkConstruction andTopologyAnalysis ofDrug-
Disease-Targets. *e common targets of drugs and diseases
were entered into the STRING database to construct a PPI
network (Figure 4), which was then imported into Cytoscape
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Table 1: Active compounds of SZHP.

MOL ID Active compound OB (%) DL Drug Serial
no.

MOL000359 Sitosterol 36.91390583 0.7512 SZ,
ZX A1

MOL000354 Isorhamnetin 49.60437705 0.306 SZ SZ1
MOL000422 Kaempferol 41.88224954 0.24066 SZ SZ3
MOL000449 Stigmasterol 43.82985158 0.75665 SZ SZ4
MOL000073 Ent-Epicatechin 48.95984114 0.24162 SZ SZ5
MOL000098 Quercetin 46.43334812 0.27525 SZ SZ6
MOL000831 Alisol B monoacetate 35.57623621 0.80629 ZX ZX2
MOL000849 16β-Methoxyalisol B monoacetate 32.42724106 0.7679 ZX ZX3
MOL000853 Alisol B 36.76038067 0.81993 ZX ZX4
MOL000856 Alisol C monoacetate 33.06358947 0.82763 ZX ZX5
MOL002464 1-Monolinolein 37.17662836 0.30249 ZX ZX6

MOL000862
[(1S, 3R)-1-[(2R)-3, 3-Dimethyloxiran-2-yl]-3-[(5R, 8S, 9S, 10S, 11S, 14R)-11-

hydroxy-4, 4, 8, 10, 14-pentamethyl-3-oxo-1, 2, 5, 6, 7, 9, 11, 12, 15, 16-
decahydrocyclopenta [a] phenanthren-17-yl] butyl] acetate

35.58 0.81 ZX ZX7

Figure 2: Compound-target network of the SZHP. *e yellow circle represents genes, the aqua and light salmon colors represent the active
compounds of the SZHP, and the red circle represents the common compounds of the SZHP.
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for topology analysis using the network analyzer tool. *e
network comprised 132 nodes and 2,368 edges, with an
average connection degree of 35.88. *e three parameters
of DC, BC, and CC were used as reference standards,
and the genes with scores greater than the average were
selected as key targets through the ranking of connec-
tivity values; finally, a total of 23 key targets were
screened. *e 10 targets with the highest values are
presented in Table 2.

3.4. GO Enrichment Analysis. A total of 856 biological
processes (BP), 139 molecular functions (MF), and 89 cel-
lular components (CC) were enriched. Most GO terms of BP
were related to response to hormones, cellular response to
lipids, cellular response to organic cyclic compounds, re-
sponse to inorganic substances, positive regulation of cell
migration, inflammatory response, response to wounds,
response to xenobiotic stimuli, regulation of cell adhesion,
response to decreased oxygen levels, etc. *e main terms of

SZHP Dyslipidemia

132
(5%)

54
(2%)

2465
(93%)

Figure 3: *e Venn diagram shows 2,597 targets screened out from databases, which included 186 targets of the SZHP. *e intersection
indicates the 132 targets of the SZHP for dyslipidemia.

Figure 4: PPI network of common targets of the SZHP and dyslipidemia.
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CC were associated with the binding to DNA-binding
transcription factors, nuclear receptor activity, protein ki-
nase binding, cytokine receptor binding, G protein-coupled
amine receptor activity, protein homodimerization activity,
protein domain-specific binding, serine hydrolase activity,
protease binding, protein kinase activity, etc. MF enrich-
ment was mainly involved in membrane raft, transcription
regulator complex, side of the membrane, receptor complex,
serine-type peptidase complex, extracellular matrix, endo-
plasmic reticulummatrix, serine protease inhibitor complex,
vesicle lumen, axons, etc. *e top 10 terms of BP, CC, and
MFwere ranked based on theirQ-value, which are presented
in Figure 5, with higher Q-values and green color indicating
greater enrichment of the GO terms.

3.5. KEGG Pathway Enrichment. *e KEGG pathway en-
richment showed that a total of 35 signaling pathways were
enriched after FDR correction, with the first 20 pathways
including lipid and atherosclerosis, pathways in cancers,
chemical carcinogenesis-receptor activation, human cyto-
megalovirus infection, MAPK signaling pathway, chemical
carcinogenesis-reactive oxygen species, HIF-1 signaling
pathway, relaxin signaling pathway, amoebiasis, and thyroid
hormone signaling pathway. After hierarchical clustering of
the enrichment results, the network with a similarity of >0.3
was considered a sub-network.*emost significant pathway
was used as the representative of the enriched networks
(Figure 6).

3.6. Protein-Protein Interaction Pathway and Process in En-
richment MCODE Analysis. Key genes were screened out
through MCODE analysis, network construction, and
MCODE analysis in the total dataset of STRING, OmniPath,
InWebIM, and BioGrid for the independent enrichment
analysis of gene clusters. *e pathway and process enrich-
ment analysis has been independently applied to each
MCODE component.*e three highest-scoring terms by the
p value have been retained as the functional description of
the corresponding components, as shown in Figure 7 and
Table 3.

3.7. Molecular Docking Verification. *e SYBYL 2.1.1 soft-
ware was used to verify the molecular docking of some
important active ingredients. Based on the protein binding

pocket of the target proteins and ligands, the docking effect
was evaluated using the function of the total score (TS), which
simulated the binding capacity in the unit of the negative
logarithm and converted the binding-free energy formula
(∆G � −2.303 RT×TS, where R is the ideal gas constant of the
molecule and T is the thermodynamic temperature of the
ideal gas), with a greater total score indicating higher stability
of the ligand-receptor binding. It is generally recognized that a
total score greater than 4.25 indicates fair binding activity
between the active component and the target, a score greater
than 5.0 indicates good binding activity, and a score greater
than 7.0 indicates excellent binding activity [25]. *e results
showed that approximately 92% of them exhibited binding
abilities, and 69% exhibited good binding abilities, which
indirectly verified that the SZHP had a regulatory effect on
dyslipidemia. At the same time, the above molecular docking
results were consistent with those of the previous network
screening, which demonstrated the reliability of network
pharmacology. Some detailed compound-target interactions
are shown in Table 4, and the docking simulation is shown in
Figure 8.

4. Discussion

Dyslipidemia is an independent risk factor of cardiovascular
diseases. Its harm is insidious, gradual but systemic, andmay
cause damage to the heart, brain, kidney, and other vital
organs, leading to diseases such as atherosclerosis, coronary
heart disease, and stroke.With the increasing prevalence and
morbidity, dyslipidemia has become a critical global concern
for public health. SZ and ZX are well-known traditional
medicinal herbs and have shown a variety of biological and
pharmacological activities, such as anti-inflammatory, an-
tioxidant, and hypolipidemic effects. To investigate the
underlying mechanism of the action of the SZHP in the
treatment of dyslipidemia, this study was conducted using
the network pharmacology approach.

In this study, we found that the core active components
of the SZHP in the treatment of dyslipidemia included si-
tosterol, stigmasterol, isorhamnetin, kaempferol, quercetin,
Alisol B, Alisol B monoacetate, etc. Stigmasterol and si-
tosterol belong to phytosterols, which have similar chemical
structures with cholesterol and are known to decrease the
circulating cholesterol levels by competing with cholesterol
for intestinal absorption or regulating proteins involved in
cholesterol metabolism [26]; therefore, these components
significantly lower blood levels of TC, TG, and LDL-C and
increase the ratio of HDL-C/TC and HDL-C/LDL-C,
thereby reducing the Arteriosclerosis Index and relieving
dyslipidemia [27, 28]. Used at a dose suggested for humans
by the FDA, stigmasterol can reduce the reabsorption or
absorption of cholesterol, bile acids, and dietary lipids, thus
resulting in the attenuation of weight gain and reduction of
hepatic TG accumulation [29]. Furthermore, stigmasterol
can also inhibit the activity of SREBP2, thereby reducing the
production of cholesterol [30], while sitosterol can reduce
the expression of NPC1L1 and inhibit the absorption of
cholesterol [31]. Quercetin and kaempferol are flavonoid
monomers of flavonols; several studies have shown that

Table 2: Top 10 key targets of dyslipidemia.

Targets DC BC CC
CCND1 98 0.007020409 0.648514851
CASP3 76 0.017834894 0.708108108
HIF1A 75 0.011567789 0.685863874
ESR1 73 0.019366461 0.678756477
ERBB2 71 0.007947206 0.623809524
MYC 69 0.010977465 0.668367347
PTEN 69 0.013298088 0.655
TP53 66 0.023982438 0.735955056
AKT1 66 0.071732181 0.803680982
EGFR 65 0.022700048 0.693121693
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quercetin can reduce plasma levels of TC, TG, LDL-C, very
low-density lipoprotein cholesterol (VLDL-C), and free fatty
acids (FFAs), as well as increase HDL-C and adiponectin
levels [32–36]. *ey also inhibit the formation of foam cells
by activating the PPARc-ABCA1 pathway and thereby
improving lipid levels [37, 38]. Kaempferol can inhibit Akt
activity, reduce TG levels, as well as induce hepatocyte
autophagy and reduce lipid droplet formation in mouse liver
by attenuating the Akt/mTOR pathway and activating
PPARs [39]. Zhang et al. found that isorhamnetin was a
dietary source of the PPARc antagonist, which reduced body
weight, ameliorated insulin resistance, and alleviated hepatic

steatosis through the suppression of PPARc transactivity,
which was beneficial to obesity and hepatic steatosis [40].
Triterpenoids such as Alisol B, Alisol B monoacetate, and
Alisol C monoacetate are abundant in ZX; they have been
selected as the main quality markers of ZX, and have also
shown good properties [41]. Lipoprotein lipase (LPL) is a
typical key lipid metabolism enzyme, and the rate-limiting
enzyme of the TG degradation reaction plays a key regu-
latory role in TG metabolism. It has been reported that, in
the metabolism of fat, Alisol B can decrease the level of TG
by enhancing the activity of LPL in lysosomes; therefore, it
plays a key role in regulating blood lipids [42]. A study found
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Figure 5: BP, CC, and MF of GO enrichment analysis.

Lipid and atherisclerosis

Pathways in cancer

Chemical carcinogenesis-receptor activation

Human cytomegalovirus infection

MARK signaling pathway

Chemical carcinogenesis-recactive oxygen species

HIF-1 signaling pathway

Relaxin signaling pathway

Amoebiasis

�yroid hormone signaling pathway

Paltinum drug resistance

Sphingolid signaling pathway

Transcripitional misregulation in cancer

Calicum signaling pathway

Prolactin signaling pathway

cAMP signaling pathway

Central carbon metabolism in cancer

cGMP-PKG signaling pathway

Neaoptosis

Complement and coagulation cascades

(a)

10
-2

10
-3

10
-4

10
-6

10
-10

10
-20

(b)

Figure 6:*e top 20 enriched KEGG pathways: (a) colored by cluster ID, where nodes sharing the same cluster ID are typically close to each
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GO Description Log10 (P)

hsa05417 Lipid and atheroscleriosis

Pathways in cancer

AGE-RAGE signaling pathway in diabetic
complications

–55.8

–54.2

–42.9

hsa05200

hsa04933

(a)

MCODE1

MCODE2

MCODE3

MCODE4

MCODE5

MCODE6

(b)

Figure 7: (a) *e top 3 highest-scoring terms in the enrichment MCODE analysis; (b) the top 6 gene clusters in the enrichment MCODE
analysis.

Table 3: Pathway and process of protein-protein interaction in the enrichment MCODE analysis.

MCODE GO Description Log 10 (p)

MCODE1
Hsa05200 Pathways in cancer −30.6
Hsa05163 Human cytomegalovirus infection −25.3
Hsa04933 AGE-RAGE signaling pathway in diabetic complications −23.9

MCODE2
Hsa05417 Lipid and atherosclerosis −20.1
Hsa04657 IL-17 signaling pathway −16.1
Hsa05200 Pathways in cancer −13.7

MCODE3
Hsa04080 Neuroactive ligand-receptor interaction pathway −14.6

Go: 0007200 Phospholipase C-activating G protein-coupled receptor signaling pathway −14.3
Go: 0007188 Adenylate cyclase-modulating G protein-coupled receptor signaling pathway −13.9

MCODE4
Hsa05200 Pathways in cancer −9.7
Hsa05417 Lipid and atherosclerosis −9.4
Hsa05208 Chemical carcinogenesis—reactive oxygen species −9.4

MCODE5
Hsa05204 Chemical carcinogenesis—DNA adducts −10.6
Hsa00980 Metabolism of xenobiotics by cytochrome P450 −10.4

Go: 0006805 Xenobiotic metabolic process −9.8

MCODE6
Hsa04610 Complement and coagulation cascades −7.7

Go: 0051897 Positive regulation of protein kinase B signalling −7.2
Go: 0007596 Blood coagulation −6.7

Table 4: *e binding ability between active components and core targets.

Target Active compound Structure identifier Total score Crash Polar Cs score
CCND1 Quercetin 2W96 5.1903 −1.0717 4.1885 4

CASP3 Quercetin 1NMS 4.9902 −0.882 2.8775 4
Kaempferol 1NMS 5.2574 −1.0301 3.0597 5

HIF1A Quercetin 6GMR 6.6632 −1.7108 6.7477 5

ESR1 Isorhamnetin 1L2I 6.7808 −2.1481 3.3145 5
Ent-epicatechin 1L2I 5.5575 −1.8304 4.3591 5

ERBB2 Quercetin 1MFG 4.5064 −0.4128 4.4425 5
MYC Quercetin 1NKP 6.3422 −0.8011 2.2238 4
PTEN Quercetin 1D5R 4.2476 −1.0926 3.5241 5
TP53 Quercetin 1AIE 4.3401 −0.9861 2.7229 5

AKT1 Quercetin 1UNQ 5.0166 −0.7164 4.8684 5
Kaempferol 1UNQ 5.0044 −0.6681 4.872 3

EGFR Quercetin 1XKK 5.7674 −0.3837 1.8907 4
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that Alisol B 23-acetate induced decreases in serum and
hepatic lipids, which was related to decreased hepatic li-
pogenesis, through decreasing hepatic the levels of SREBP-
1c, fatty acid synthase (FAS), anti-acetyl CoA carboxylase 1
(ACC1), and stearoyl-CoA desaturase 1 (SCD1); it was also
associated with increased lipid metabolism as it induced
peroxisome proliferator-activated receptorα (PPARα), car-
nitine palmitoyl transferase 1α (CPT1α) acyl-coenzyme A
dehydrogenase (ACADS), and LPL [43]. 1-Monolinolein not
only inhibits the expression of apolipoprotein CIII (apo
CIII) by inhibiting the transport and absorption of cho-
lesterol, but also inhibits the expression of lipoprotein-re-
lated phospholipase A2 (Lp-PLA2), thereby reducing the
generation of free fatty acids [44]. Taken together, the main
active components of the SZHP could regulate multiple
signaling pathways, thereby regulating lipid synthesis and
metabolism, lowering cholesterol levels, and preventing or
delaying the development of dyslipidemia.

*e common target PPI network analysis showed that
the key targets of the SZHP in the treatment of dyslipidemia
included CCND1, CASP3, HIF1A, ESR1, ERBB2, MYC,
PTEN, TP53, AKT1, and EGFR. Caspase-3 is a protein in the
caspase family that can cause an apoptotic cascade. Studies
showed that hyperlipidemia could enhance the peroxidation
of lipids and the formation of modified oxidative low-
density lipoprotein (ox-LDL), which is mediated by caspase-
3; it could also increase NF-kB levels, damage endothelial
cells, and promote monocyte adhesion; therefore, it is an
important link in the development from hyperlipidemia to
AS [45–47]. HIF-1 may regulate the sterol regulatory ele-
ment binding the protein-1 pathway, which augments lipid
biosynthesis. A study showed that partial HIF-1A deletion
attenuated hypoxia-induced contractions in fasting serum
insulin and liver TG levels, thereby mediating the inter-
mittent hypoxia-induced hyperlipidemia response [48]. *e
upregulation of HIF-1A plays a protective role in the corpus
cavernosum in hypercholesterolemic rats [49]. Estrogen is

an important regulator of metabolic homeostasis and lipid
metabolism; acting through cognate nuclear hormone re-
ceptors, it has specific cardioprotective effects. Estrogen
receptor α (ESR1) is one of its specific receptors involved in
the mediation of the physiological function of estrogen.
Polymorphic alterations of ESR1 are associated with con-
ditions such as arterial hypertension, altered serum lipid
levels, coronary atherosclerosis, and altered HDL-C levels in
menopausal women [50, 51]. *e tumor protein p53 (TP53)
gene plays a crucial role in lipid metabolism and is involved
in normal and pathological conditions. TP53 usually acts as a
negative regulator of lipid synthesis by activating fatty acid
oxidation and inhibiting FAS [52]. In addition, in mice
prone to atherosclerosis, the association between TP53 and
atherosclerosis becomes apparent, with lower levels of TP53
associated with larger atherosclerotic plaques [53]. Collec-
tively, the results indicated the multitarget feature of the
SZHP in the treatment of hypolipidemic.

GO function analysis showed that the therapeutic effect
of the SZHP in dyslipidemia is mainly exhibited as a re-
sponse to hormone, cellular response to lipid, the binding to
DNA-binding transcription factors, etc. *e KEGG pathway
analysis showed that it was mainly concentrated in lipid and
atherosclerosis, MAPK signaling pathway, HIF-1 signaling
pathway, and relaxin signaling pathway, while the MCODE
analysis showed that pathways in cancer, human cyto-
megalovirus infection, and the AGE-RAGE signaling
pathway in diabetic complications comprised the most
correlated gene cluster. *e most significant pathways also
included the lipid and atherosclerosis pathway and the IL-17
signaling pathway.

It has been well established that lipid metabolism is
associated with atherosclerosis. In atherosclerosis, endo-
thelial dysfunction or apoptosis occurs after chronic injury.
*e normal physiological function and integrity of the in-
tima are affected, resulting in increased infiltration of lipids
into the subintima, which is the initial link to atherosclerosis.

(a) (b)

(c) (d)

Figure 8: Molecular models of active compounds binding to the predicted targets. (a) CASP3 and kaempferol; (b) HIF-1 and quercetin; (c)
ESR1 and isorhamnetin; (d) ESR1 and ent-Epicatechin.

10 Evidence-Based Complementary and Alternative Medicine



Lipids, especially LDL, are oxidized and modified to form
ox-LDL after entering the subintima, which leads to en-
dothelial damage, local inflammation in the wall of blood
vessels, as well as the formation of foam cells and lipid
accumulation, thereby resulting in the aggravation of ath-
erosclerosis [54].*eMAPK signaling pathway regulates the
inflammatory response in atherosclerosis, which is a cascade
constituted by a series of protein kinases and their phos-
phorylation effects. Subsequently, it leads to the activation of
the transcription factor NF-kB, thereby regulating the ex-
pression of inflammatory cytokines [55]. Studies have
confirmed that a high-fat diet can activate the HIF-1 sig-
naling pathway, promote the expression of hypoxia-in-
ducible factor-1 (HIF-1) in the hypothalamus to increase the
basal metabolic rate, and act as a protective factor to reduce
the impact of hypothalamic dysfunction on the hypotha-
lamic and systemic regulation of metabolism and energy
homeostasis [56]. Similar to the HIF-1 signaling pathway, a
high-fat and high-sugar diet also increases advanced gly-
cation end products (AGEs) [57]. Hyperlipidemia may ac-
tivate the AGE-RAGE signaling pathways including
NADPH, MAPK, and ERK signal transduction cascades
caused by p38 and protein kinase C, induce cell damage and
inflammatory responses, and ultimately lead to the forma-
tion of atherosclerosis [58, 59]. Suchal et al. [60] demon-
strated that kaempferol attenuated the myocardial ischemia-
reperfusion injury in diabetic rats by reducing AGE-RAGE/
MAPK-induced oxidative stress and inflammation. IL-17 is a
proinflammatory cytokine that promotes endothelial cell
activation through the p38MAPK pathway [61], increases
the expression of the IL-17A receptor in apoE knockout
mice [62], and reduces atherosclerotic lesions. Acting along
with hypoxia, IL-17 also promotes the migration and in-
vasion of proinflammatory cells [63]. Studies showed that,
through IL-17, PCSK9 could mediate the cross-linking of
hyperlipidemia, atherosclerosis, and immune responses
[64].

Hence, molecular docking was performed to verify
further molecular mechanisms of the SZHP treating dysli-
pidemia. *e results indicated that quercetin had an ex-
cellent binding activity with many targets, including
CCND1, HIF1A,MYC, AKT1, and EGFR; therefore, it might
be a key compound for the effect against dyslipidemia. *e
above findings were also in line with the results of the
network pharmacology analysis. *ese results might be a
significant guidance for further research to determine the
molecular targets of the SZHP in the treatment of dyslipi-
demia as well as for applications of network pharmacology
in drug development. It may also provide insights for the
subsequent development of novel TCM lipid-lowering drugs
with high efficiency, low toxicity, and multiple targets, in
order to reduce the mortality of cardiovascular diseases.

4.1. Limitations. Despite the strength shown in the present
study, some limitations need to be noted. First, the public
databases investigated in the study are constantly updated;
thus, some other bioactive ingredients and target genes
might not have been included in our analysis. Second, the

current research on the extraction of the main components
of TCM and its drug-like properties is still insufficient, and
the important targets have been identified mainly based on
computer simulation and verification against existing
studies on drugs. *erefore, further studies on the phar-
macology of traditional Chinese medicine are still needed.

5. Conclusion

In the present study, a network pharmacology approach in
combination withmolecular docking was used to explore the
targets, mechanism, related signal pathways of the SZHP
against dyslipidemia, as well as the binding abilities of herbal
ingredients and their targets. *e results showed that
quercetin, kaempferol, isorhamnetin, Alisol B, etc. were
potential active ingredients of the SZHP, and they act on key
targets such as CCND1, CASP3, HIF1A, and ESR1 to reg-
ulate a variety of biological processes, molecular functions,
cellular components, and pathways. *is study not only
revealed that the SZHP regulates lipid metabolism com-
prehensively throughmultiple components, multiple targets,
and multiple pathways, but also provided a theoretical basis
for the ameliorative effect of the SZHP against dyslipidemia.
Hopefully, this study may provide new ideas for the de-
velopment of the SZHP or its active components as an al-
ternative therapy for dyslipidemia.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

Acknowledgments

*is work was supported by National Natural Science
Foundation of China (81560768), Yunnan Provincial Joint
Special Project on Applied Basic Research (2017FF116-003),
and Yunnan Provincial Education Department Scientific
Research Fund Project (2021Y471).

References

[1] A. Pirillo, M. Casula, E. Olmastroni, G. D. Norata, and
A. L. Catapano, “Global epidemiology of dyslipidaemias,”
Nature Reviews Cardiology, vol. 18, pp. 689–700, 2021.

[2] 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, pp. 2982–3021, 2020.

[3] D. P. Wickramasinghe, C. Xavier, and D. N. Samarasekera,
“*e worldwide epidemiology of acute appendicitis: an
analysis of the global health data exchange dataset,” World
Journal of Surgery, vol. 45, pp. 1999–2008, 2021.

[4] A. Y. Jang, S. Lim, S. H. Jo, S. H. Han, and K. K. Koh, “New
trends in dyslipidemia treatment,” Circulation Journal,
vol. 85, pp. 759–768, 2021.

Evidence-Based Complementary and Alternative Medicine 11



[5] Cholesterol Treatment Trialists’ (CTT) Collaboration,
J. Fulcher, R. O′Connell et al., “Efficacy and safety of LDL-
lowering therapy among men and women: meta-analysis of
individual data from 174,000 participants in 27 randomised
trials,” Lancet, vol. 385, pp. 1397–1405, 2015.

[6] P. M. Ridker, A. Pradhan, J. G. MacFadyen, P. Libby, and
R. J. Glynn, “Cardiovascular benefits and diabetes risks of
statin therapy in primary prevention: an analysis from the
JUPITER trial,” Lancet, vol. 380, pp. 565–571, 2012.

[7] K. K. Koh, M. J. Quon, S. H. Han, Y. Lee, S. J. Kim, and
E. K. Shin, “Atorvastatin causes insulin resistance and in-
creases ambient glycemia in hypercholesterolemic patients,”
Journal of the American College of Cardiology, vol. 55,
pp. 1209–1216, 2010.

[8] H. Cederberg, A. Stancakova, N. Yaluri, S. Modi, J. Kuusisto,
and M. Laakso, “Increased risk of diabetes with statin
treatment is associated with impaired insulin sensitivity and
insulin secretion: a 6 year follow-up study of the METSIM
cohort,” Diabetologia, vol. 58, pp. 1109–1117, 2015.

[9] A. A. Carter, T. Gomes, X. Camacho, D. N. Juurlink,
B. R. Shah, and M. M. Mamdani, “Risk of incident diabetes
among patients treated with statins: population based study,”
BMJ, vol. 346, p. f2610, 2013.

[10] HPS2-THRIVE Collaborative Group, “HPS2-THRIVE ran-
domized placebo-controlled trial in 25 673 high-risk patients
of ER niacin/laropiprant: trial design, pre-specified muscle
and liver outcomes, and reasons for stopping study treat-
ment,” European Heart Journal, vol. 34, pp. 1279–1291, 2013.

[11] P. Hao, F. Jiang, J. Cheng, L. Ma, Y. Zhang, and Y. Zhao,
“Traditional Chinese medicine for cardiovascular disease:
evidence and potential mechanisms,” Journal of the American
College of Cardiology, vol. 69, pp. 2952–2966, 2017.

[12] P. Fang, M. Yu, M. Shi, P. Bo, X. Gu, and Z. Zhang, “Baicalin
and its aglycone: a novel approach for treatment of metabolic
disorders,” Pharmacological Reports, vol. 72, pp. 13–23, 2020.

[13] Pharmacopoeia Commission, Pharmacopoeia of the People’s
Republic of China, China Medical Science Press, Beijing,
China, 2015.

[14] Z. Y. Geng Xiuchao, Z. Wang, Y. C. Ziyun et al., “Study on the
medication rule and mechanism of action of dyslipidemia
based on data mining and network pharmacology,” Mod-
ernization of Traditional Chinese Medicine and Materia
Medica-World Science and Technology, vol. 23, pp. 1096–1107,
2021.

[15] S. Dehghani, S. Mehri, and H. Hosseinzadeh, “*e effects of
Crataegus pinnatifida (Chinese hawthorn) on metabolic
syndrome: a review,” Iranian Journal of Basic Medical Sci-
ences, vol. 22, pp. 460–468, 2019.

[16] T. Tian, H. Chen, and Y. Y. Zhao, “Traditional uses, phyto-
chemistry, pharmacology, toxicology and quality control of
Alisma orientale (sam.) Juzep: a review,” Journal of Ethno-
pharmacology, vol. 158 Pt A, pp. 373–387, 2014.

[17] Y. Lin, M. A. Vermeer, and E. A. Trautwein, “Triterpenic acids
present in hawthorn lower plasma cholesterol by inhibiting
intestinal ACAT activity in hamsters,” Evidence-Based Com-
plementary and Alternative Medicine, vol. 2011, Article ID
801272, 9 pages, 2011.

[18] M. Wu, L. Liu, Y. Xing, S. Yang, H. Li, and Y. Cao, “Roles and
mechanisms of hawthorn and its extracts on atherosclerosis: a
review,” Frontiers in Pharmacology, vol. 11, p. 118, 2020.

[19] S. Li, L. Wang, Z. Du et al., “Identification of the lipid-
lowering component of triterpenes from Alismatis rhizoma
based on the MRM-based characteristic chemical profiles and

support vector machine model,” Analytical and Bioanalytical
Chemistry, vol. 411, pp. 3257–3268, 2019.

[20] D. Li, L. Liu, S. Yang et al., “Exploring the therapeutic
mechanisms of Huzhang-Shanzha herb pair against coronary
heart disease by network pharmacology and molecular
docking,” Evidence-Based Complementary and Alternative
Medicine, vol. 2021, Article ID 5569666, 14 pages, 2021.

[21] S. Saikia and M. Bordoloi, “Molecular docking: challenges,
advances and its use in drug discovery perspective,” Current
Drug Targets, vol. 20, pp. 501–521, 2019.

[22] 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, p. 13, 2014.

[23] Y. S. Kai, Z. Jing, D. S. Shan, J. Peng, L. R. Hui, and
Z. W. Dong, “Methodology of modernization research in
traditional Chinese medicine based on systems biology and
network biology: methodology of modernization research in
traditional Chinese medicine based on systems biology and
network biology,” Chinese Journal of Natural Medicines,
vol. 7, 2009.

[24] J. K. Maier and P. Labute, “Assessment of fully automated
antibody homology modeling protocols in molecular oper-
ating environment,” Proteins, vol. 82, pp. 1599–1610, 2014.

[25] K. Y. Hsin, S. Ghosh, and H. Kitano, “Combining machine
learning systems and multiple docking simulation packages to
improve docking prediction reliability for network pharma-
cology,” PLoS One, vol. 8, no. 12, Article ID e83922, 2013.

[26] L. Calpe-Berdiel, J. C. Escola-Gil, and F. Blanco-Vaca, “New
insights into the molecular actions of plant sterols and stanols
in cholesterol metabolism,” Atherosclerosis, vol. 203, pp. 18–
31, 2009.

[27] X. Dejun, “Research progress of the blood lipid lowering effect
of phytostero,” West China Journal of Pharmaceutical Sci-
ences, vol. 34, pp. 92–97, 2019.

[28] T. C. Rideout, C. P. F. Marinangeli, and S. V. Harding,
“Triglyceride-lowering response to plant sterol and stanol
consumption,” Journal of Association of Official Agricultural
Chemists International, vol. 98, pp. 707–715, 2015.

[29] S. Feng, Z. Dai, A. B. Liu et al., “Intake of stigmasterol and
beta-sitosterol alters lipid metabolism and alleviates NAFLD
in mice fed a high-fat western-style diet,” Biochimica et
Biophysica Acta (BBA)—Molecular and Cell Biology of Lipids,
vol. 1863, pp. 1274–1284, 2018.

[30] C. Yang, L. Yu, W. Li, F. Xu, J. C. Cohen, and H. H. Hobbs,
“Disruption of cholesterol homeostasis by plant sterols,”
Journal of Clinical Investigation, vol. 114, pp. 813–822, 2004.

[31] Y. Park and T. P. Carr, “Unsaturated fatty acids and phy-
tosterols regulate cholesterol transporter genes in Caco-2 and
HepG2 cell lines,” Nutrition Research, vol. 33, pp. 154–161,
2013.

[32] S. Juzwiak, J. Wojcicki, K. Mokrzycki et al., “Effect of quer-
cetin on experimental hyperlipidemia and atherosclerosis in
rabbits,” Pharmacological Reports, vol. 57, pp. 604–609, 2005.

[33] S. M. Jeong, M. J. Kang, H. N. Choi, J. H. Kim, and J. I. Kim,
“Quercetin ameliorates hyperglycemia and dyslipidemia and
improves antioxidant status in type 2 diabetic db/db mice,”
Nutrition Research and Practice, vol. 6, pp. 201–207, 2012.

[34] L. Rivera, R. Moron, M. Sanchez, A. Zarzuelo, and
M. Galisteo, “Quercetin ameliorates metabolic syndrome and
improves the inflammatory status in obese zucker rats,”
Obesity, vol. 16, pp. 2081–2087, 2008.

[35] H. Z. Ying, Y. H. Liu, B. Yu, Z. Y. Wang, J. N. Zang, and
C. H. Yu, “Dietary quercetin ameliorates nonalcoholic

12 Evidence-Based Complementary and Alternative Medicine



steatohepatitis induced by a high-fat diet in gerbils,” Food and
Chemical Toxicology, vol. 52, pp. 53–60, 2013.

[36] L. Zhao, J. Wu, Y. Wang et al., “Cholesterol metabolism is
modulated by quercetin in rats,” Journal of Agricultural and
Food Chemistry, vol. 59, pp. 1104–1108, 2011.

[37] L. L. Wang, Z. C. Zhang, W. Hassan, Y. Li, J. Liu, and J. Shang,
“Amelioration of free fatty acid-induced fatty liver by quer-
cetin-3-O-beta-D-glucuronide through modulation of per-
oxisome proliferator-activated receptor-alpha/sterol
regulatory element-binding protein-1c signaling,” Hepatology
Research, vol. 46, pp. 225–238, 2016.

[38] L. Sun, E. Li, F. Wang et al., “Quercetin increases macrophage
cholesterol efflux to inhibit foam cell formation through
activating PPARgamma-ABCA1 pathway,” International
Journal of Clinical and Experimental Pathology, vol. 8,
p. 10860, 2015.

[39] M. H. Hoang, Y. Jia, J. H. Lee, Y. Kim, and S. J. Lee,
“Kaempferol reduces hepatic triglyceride accumulation by
inhibiting Akt,” Journal of Food Biochemistry, vol. 43, Article
ID e13034, 2019.

[40] Y. Zhang, M. Gu, W. Cai et al., “Dietary component iso-
rhamnetin is a PPARgamma antagonist and ameliorates
metabolic disorders induced by diet or leptin deficiency,”
Scientific Reports, vol. 6, p. 19288, 2016.

[41] G. S.-X. Zhang Hui-juan, J. Xu, T.-J. Zhang, and C.-X. L,
“Research progress of alismatis rhizoma and prediction
analysis on its Q-marker,” Chinese Traditional and Herbal
Drugs, vol. 50, pp. 4741–4751, 2019.

[42] F. Xu, C. Lu, Q. Wu et al., “Studies on the lipid-regulating
mechanism of alisol-based compounds on lipoprotein lipase,”
Bioorganic Chemistry, vol. 80, pp. 347–360, 2018.

[43] Q. Meng, X. P. Duan, C. Y. Wang et al., “Alisol B 23-acetate
protects against non-alcoholic steatohepatitis in mice via
farnesoid X receptor activation,” Acta Pharmacologica Sinica,
vol. 38, pp. 69–79, 2017.

[44] X. Han, T. Wang, J. Zhang et al., “Apolipoprotein CIII reg-
ulates lipoprotein-associated phospholipase A2 expression via
the MAPK and NFkappaB pathways,” Biol Open, vol. 4,
pp. 661–665, 2015.

[45] A. Helkin, J. J. Stein, S. Lin, S. Siddiqui, K. G. Maier, and
V. Gahtan, “Dyslipidemia part 1-review of lipid metabolism
and vascular cell physiology,” Vascular and Endovascular
Surgery, vol. 50, pp. 107–118, 2016.

[46] F. De Nigris, L. Gallo, V. Sica, and C. Napoli, “Glycoxidation
of low-density lipoprotein promotes multiple apoptotic
pathways and NFkappaB activation in human coronary cells,”
Basic Research in Cardiology, vol. 101, pp. 101–108, 2006.

[47] D. Changjiang, L. Haiqin, M. Guangyuan, W. Xiujuan, and
C. Haijun, “Qiliqiangxin improves oxidized low-density li-
poprotein-induced human coronary artery endothelial cells
injury,” Biomedical Research, vol. 29, 2018.

[48] P. Li, J. Wu, L. Zhao, and X.W. Feng, “Effects and relationship
of intermittent hypoxia on serum lipid levels, hepatic low-
density lipoprotein receptor-related protein 1, and hypoxia-
inducible factor 1alpha,” Sleep and Breathing, vol. 20,
pp. 167–173, 2016.

[49] M. Lee, J. K. Ryu, S. Piao et al., “Efficient gene expression
system using the RTP801 promoter in the corpus cavernosum
of high-cholesterol diet-induced erectile dysfunction rats for
gene therapy,” 
e Journal of Sexual Medicine, vol. 5,
pp. 1355–1364, 2008.

[50] P. Mansur Ade, C. C. Nogueira, C. M. Strunz, J. M. Aldrighi,
and J. A. Ramires, “Genetic polymorphisms of estrogen

receptors in patients with premature coronary artery disease,”
Archives of Medical Research, vol. 36, pp. 511–517, 2005.

[51] D. M. Herrington, T. D. Howard, G. A. Hawkins et al.,
“Estrogen-receptor polymorphisms and effects of estrogen
replacement on high-density lipoprotein cholesterol in
women with coronary disease,” New England Journal of
Medicine, vol. 346, pp. 967–974, 2002.

[52] C. R. Berkers, O. D. Maddocks, E. C. Cheung, I. Mor, and
K. H. Vousden, “Metabolic regulation by p53 family mem-
bers,” Cell Metabolism, vol. 18, pp. 617–633, 2013.

[53] I. Goldstein and V. Rotter, “Regulation of lipid metabolism by
p53—fighting two villains with one sword,” Trends in En-
docrinology and Metabolism, vol. 23, pp. 567–575, 2012.

[54] P. Libby, “*e changing landscape of atherosclerosis,”Nature,
vol. 592, pp. 524–533, 2021.

[55] J. Mao, J. Liu, X. Pang et al., “Nicotine induces the expression
of C-reactive protein via MAPK-dependent signal pathway in
U937macrophages,”Molecules and Cells, vol. 34, pp. 457–461,
2012.

[56] J. M. Gaspar, N. F. Mendes, F. Correa-da-Silva et al.,
“Downregulation of HIF complex in the hypothalamus exac-
erbates diet-induced obesity,” Brain, Behavior, and Immunity,
vol. 73, pp. 550–561, 2018.

[57] M. Takeuchi, “Serum levels of toxic AGEs (TAGE) may be a
promising novel biomarker for the onset/progression of
lifestyle-related diseases,” Diagnostics, vol. 6, 2016.

[58] E. McNair, M. Qureshi, K. Prasad, and C. Pearce, “Athero-
sclerosis and the hypercholesterolemic age-rage axis,” Inter-
national Journal of Angiology, vol. 25, pp. 110–116, 2016.

[59] Y. H. Chen, Z. W. Chen, H. M. Li, X. F. Yan, and B. Feng,
“Age/rage-induced EMP release via the NOX-derived ROS
pathway,” Journal of Diabetes Research, vol. 2018, Article ID
6823058, 8 pages, 2018.

[60] K. Suchal, S. Malik, S. I. Khan et al., “Molecular pathways
involved in the amelioration of myocardial injury in diabetic
rats by kaempferol,” International Journal of Molecular Sci-
ences, vol. 18, 2017.

[61] J. Mai, G. Nanayakkara, J. Lopez-Pastrana et al., “Interleukin-17A
promotes aortic endothelial cell activation via transcriptionally
and post-translationally activating p38 mitogen-activated protein
kinase (MAPK) pathway,” Journal of Biological Chemistry,
vol. 291, pp. 4939–4954, 2016.

[62] E. Smith, K. M. Prasad, M. Butcher et al., “Blockade of in-
terleukin-17A results in reduced atherosclerosis in apolipo-
protein E-deficient mice,” Circulation, vol. 121,
pp. 1746–1755, 2010.

[63] G. Li, Y. Zhang, Y. Qian et al., “Interleukin-17A promotes
rheumatoid arthritis synoviocytes migration and invasion
under hypoxia by increasing MMP2 and MMP9 expression
through NF-kappaB/HIF-1alpha pathway,” Molecular Im-
munology, vol. 53, pp. 227–236, 2013.

[64] Y. U. Kim, P. Kee, D. Danila, and B. B. Teng, “A critical role of
PCSK9 in mediating IL-17-producing T cell responses in
hyperlipidemia,” Immune Network, vol. 19, p. e41, 2019.

Evidence-Based Complementary and Alternative Medicine 13


