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Abstract
Background

Hesperetin, an active ingredient derived from Citrus × aurantium L., possesses a wide range of biological
activities, including anti-in�ammatory, anti-oxidation, and anti-cancer activity. Notably, hesperetin has
been proposed as a candidate for atherosclerosis owing to the lipid-regulating and anti-in�ammatory
effect, while the underlying mechanisms remains obscure.

Results

In our present study, the pharmacological and molecular properties of hesperetin were �rst evaluated to
determine the druggability of hesperetin. Subsequently, 53 hesperetin-atherosclerosis crossover targets
were collected to establish the protein-protein interaction network. The result of Gene Ontology
enrichment analysis indicated that the crossover targets were involved in the regulation of lipid
metabolism and in�ammatory response. Moreover, the Kyoto Encyclopedia of Genes and Genomes
pathway analyses demonstrated that the crossover targets were highly correlated with the pathogenesis
of atherosclerosis, such as �uid shear stress and atherosclerosis pathway and the TNF signaling
pathway. Finally, an entire hesperetin-target-pathway network was constructed to provide a systematic
overview of the pharmacological mechanisms of action of hesperetin against atherosclerosis.

Conclusions

The pharmacological mechanisms of actions of hesperetin against atherosclerosis was unveiled based
on biodata mining from the public database and the bioinformatics data analysis-based strategy in this
study, contributing to a deeper understanding of the molecular mechanisms of hesperetin in the
treatment of atherosclerosis. Based on the results of network pharmacology analysis, we can conclude
that hesperetin is surely an excellent candidate for atherosclerosis. We believe our work would be
bene�cial for further research and development of hesperetin as a natural active ingredient derived from
Citrus × aurantium L. for the treatment of atherosclerosis.

Introduction
Atherosclerosis is a chronic, progressive, in�ammatory disease characterized by excessive accumulation
of lipids in the walls of large arteries (1). Although there are multiple theories to describe the occurrence
and development of atherosclerosis, the pathogenesis of atherosclerosis has not been fully recognized
(2). Nevertheless, the in�ammatory activation induced by abnormal lipid accumulation in the walls of
large arteries plays a central role in the pathological process of atherosclerosis (3). In particular, low-
density lipoprotein (LDL) is considered to be the main contributor to the formation of atherosclerotic
plaque, excessive accumulation of which in the inner walls of the arteries could be oxidized to form
oxidized LDL (4). Owing to the in�ammatory activation, endothelial cells produce numerous in�ammatory
cytokines, such as chemoattractant protein-1 (MCP-1), vascular cell adhesion molecule 1 (VCAM-1), E-
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selectin, and P-selectin, which recruit monocytes and leukocytes to in�ltrate at in�ammatory sites (5).
Afterward, monocytes will differentiation into macrophages and transform into foam cells eventually via
the internalization of oxidized LDL, which constitute the core of the atherosclerotic plaque (6). Therefore,
the clinical treatment of atherosclerosis mainly focuses on interfering with the biosynthesis of lipids in
the organism. The �rst-line anti-atherosclerosis drugs mainly include 3-hydroxy-3-methyl glutaryl
coenzymes A (HMG-CoA) reductase inhibitors, such as lovastatin, simvastatin, and pravastatin, which
can substantially block the biosynthesis of lipids via inactivating the HMG-CoA reductase (7). However,
stains could cause serious damage to the liver (8). Moreover, 31 patients died of severe rhabdomyolysis
due to the use of cerivastatin (9). Thus, the research and development of toxic-less and effective-more
anti-atherosclerosis drugs are urgently needed.

The traditional medicinal plant plays a critical role in disease prevention and treatment, the active
ingredients from which are also a tremendous source of lead compound (10). For instance, hesperetin, a
bio�avonoid derived from the Citrus × aurantium L. (11), has been veri�ed to exhibit a variety of biological
activities, such as anti-hypertension (12), anti-oxidation (13), anti-diabetes (14), anti-cancer (15),
neuroprotection (16), and attenuation of renal interstitial �brosis (17). Moreover, hesperetin has been
proposed for the treatment of atherosclerosis attributing to the lipid-regulating and anti-in�ammatory
effects (18). However, the underlying pharmacological mechanism remains to be systematically explored.
The concept “network pharmacology” was proposed by Hopkins in 2007 (19). Based on the principle of
systems biology and network analysis, network pharmacology-based strategy was adopted to recognize
the pharmacological mechanism of a drug in the interaction networks of “drug-disease-target-pathway”
(20). Combined systems biology with computer virtual technology, network pharmacology displays great
superiority for studying the pharmacological mechanism of multiple ingredients in the traditional
medicinal plant in a high-throughput manner (21).

Accordingly, this study aimed to explore the pharmacological mechanism of hesperetin for the treatment
of atherosclerosis based on biodata mining derived from the public database. Our research successfully
explained the molecular mechanism of actions of hesperetin for the treatment of atherosclerosis based
on network pharmacology. We believe our �ndings would be bene�cial for a comprehensive
understanding of the mechanism of actions of hesperetin against atherosclerosis. Moreover, we believe
our study would promote the study of the pharmacological mechanism of action of active ingredients
derived from the traditional medicinal plant in the future.

Materials And Methods
Assessment of pharmacological properties of hesperetin

Traditional Chinese medicine systems pharmacy database and analysis platform (TCMSP,
https://tcmspw.com/tcmsp.php version: 2.3) provided detailed pharmacological and molecular properties
data of hesperetin, including 12 parameters associated with the absorption, distribution, metabolism, and
excretion (ADME) of hesperetin in the organism (22). Among them, oral bioavailability (OB) and drug

https://tcmspw.com/tcmsp.php
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likeness (DL) acts as a critical role in the absorption of orally administered hesperetin in the
gastrointestinal tract, which is commonly served as the basic criteria in evaluating the druggability of
hesperetin. Therefore, the chemical name “hesperetin” was entered into the search box of the TCMSP
database. Meanwhile, “DL ≥ 0.18 and OB ≥ 30%” was regarded as the criteria to assess the druggability
of hesperetin in this study. Of note, the Mol2 �le containing the 3-dimensional structure of hesperetin can
also be gained in the TCMSP database to predict the potential targets of hesperetin.

Targets prediction of hesperetin

The PharmMapper database is a freely accessed web-server to identify potential targets of a compound
via a reverse pharmacophore mapping approach (http://www.lilab-ecust.cn/pharmmapper/ version:
2017) (23). Following the Mol2 �le of hesperetin submitted to the PharmMapper database, the top 300
protein targets of hesperetin from Homo Sapiens will be obtained sorted by �t score in descending order.
Of note, the protein name of these targets could be converted to the corresponding gene names by
utilizing the “Retrieve/ID mapping” tool in the UniProt database to standardize the targets of hesperetin
(https://www.uniprot.org/ last modi�ed date: October 15, 2019).

Targets identi�cation of atherosclerosis

Targets associated with atherosclerosis were derived from the GeneCards database
(https://www.genecards.org/ version 4.14), which is an integrative database enabling us to navigate the
targets associated with atherosclerosis from Homo Sapiens (24). In this study, we retrieved the targets
associated with atherosclerosis from the GeneCards database by entering “atherosclerosis” as a keyword
in the search box.

Screening of the hesperetin-atherosclerosis crossover targets and construction of PPI network

Venn diagram in the Bioinformatics website was employed to screening out the hesperetin-
atherosclerosis crossover targets (25)
(http://www.bioinformatics.com.cn/static/others/jvenn/example.html).Subsequently, the GeneMANIA
website (https://genemania.org/ version: 3.6.0) was utilized to characterize the protein-protein
interactions (PPIs) between the hesperetin-atherosclerosis crossover targets (26). Inputting the
hesperetin-atherosclerosis crossover targets into the search box, the GeneMANIA website would represent
the PPI network illustrating the possible interactions of these crossover targets, including co-expression,
co-localization, physical and genetic interaction, shared protein domains, pathway and predicted
interaction.

KEGG and GO enrichment analysis

Kyoto Encyclopedia of genes and genes (KEGG) and Gene Ontology (GO) enrichment analysis were then
performed in the Metascape website to analysis the corresponding cell signaling pathways, biological
process (BP), molecular function (MF), and cellular component (CC) related to the hesperetin-
atherosclerosis crossover targets (https://metascape.org/gp/index.html#/main/step1 last update date:

http://www.lilab-ecust.cn/pharmmapper/
https://www.uniprot.org/
https://www.genecards.org/
http://www.bioinformatics.com.cn/static/others/jvenn/example.html
https://genemania.org/
https://metascape.org/gp/index.html#/main/step1
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March 20, 2020) (27). Giving a require in the search box in the Metascape website, the involved cell
signaling pathways, biological process, molecular function, and cellular component related to the
hesperetin-atherosclerosis crossover targets will be enriched. Of note, P < 0.01 was regarded as an
obvious discrepancy during enrichment analysis.

Construction of the hesperetin-target-pathway network

To understand the intricate connections between hesperetin, targets, and pathways, the “hesperetin-
target-pathway” network was visualized by Cytoscape software (Cytoscape version: 3.7.2) (28).

Results
Chemical structure and pharmacological data of hesperetin.

ADME describes the distribution of hesperetin inside the human body, which is needed to be considered
while assessing the therapeutic e�cacy of hesperetin against atherosclerosis (29). TCMSP database
offered ADME-related 12 pharmacokinetic parameters, including molecular weight (MW), logarithm of the
octanol-water partition coe�cient (AlogP), hydrogen-bond donor (Hdon), hydrogen-bond acceptor (Hacc),
oral bioavailability (OB%), Caco-2 permeability (Caco-2), blood brain barrier permeability (BBB), drug
likeness (DL), fractional negative surface area (FASA), topological polar surface area (TPSA), rotatable
bonds (RBN), and drug half-life (HL). The pharmacological properties of hesperetin have been
investigated by referring to the TCMSP database (Table 1). Of note, the OB and DL, two crucial
parameters for evaluating the druggability of hesperetin, were higher than the threshold value (“DL ≥ 0.18
and OB ≥ 30%”), suggesting that hesperetin is a druggable candidate.

Identi�cation of hesperetin-atherosclerosis crossover targets

As described in the “Materials and methods” section, the 294 targets of hesperetin from Homo Sapiens
were acquired from the PharmMapper database after removing the duplicates and non-human targets.
Besides, 4346 targets associated with atherosclerosis were collected from the GeneCards database while
a total of 383 targets were used for further investigation by �ltering out low correlative targets (relevance
score <6). Moreover, 53 hesperetin-atherosclerosis crossover targets were identi�ed by the Venn diagram
in the Bioinformatics website (Figure 2A). The gene names and gene symbols of the crossover targets
have been listed (Table 2).

PPI network establishment

To explore the functional connections among these crossover targets, we constructed the PPI network of
the crossover targets through employing the GeneMANIA database. Among the 53 targets and their
interacting 20 proteins, 49.42% showed the co-expression characteristics, 10.05% had physical
connections, 7.04% showed the characteristics of co-localization, and other connections, such as shared
proteins, predicted interactions and genetic interactions have been quanti�ed (Figure 3A). Furthermore,
the crossover targets were subsequently sorted by “Degree value” in descending order residents in
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Cytoscape software (Table 3). Of note, as indicated by their degree value calculated by Cytoscape,
Albumin, differing from HMG-CoA reductase, could be dug out for the further development of anti-
atherosclerosis drugs.

GO and KEGG enrichment analysis

To systematically decipher the mode of action of hesperetin against atherosclerosis, GO and KEGG
pathway enrichment analysis were carried out to identify the molecular functions, biological processes,
cellular components, and cellular signaling pathways of these crossover targets. The KEGG pathway
enrichment analysis suggested that the crossover targets are closely associated with the �uid shear
stress and atherosclerosis pathway (hsa05418), AGE-RAGE signaling pathway in diabetic complications
pathway (hsa04933), TNF signaling pathway (hsa04668), and insulin resistance pathway (hsa04931) in
the top �ve pathways (Figure 4A). GO annotation revealed that the crossover targets were involved in lipid
metabolism and in�ammatory response, such as regulation of in�ammatory response (GO:0006869) and
lipid transport (GO:0050727) were included. Collectively, these crossover targets were highly associated
with the pathogenesis of atherosclerosis.

Construction of the hesperetin-targets-pathway network

Based on the crossover targets and the corresponding pathways, an entire “hesperetin-targets-pathway”
network was constructed using Cytoscape software. In general, this “hesperetin-targets-pathway” network
has one compound and 53 targets, involving 58 cell signaling pathways, 112 nodes, and 412 edges. As
presented in this network, the targets of hesperetin and its corresponding pathway were connected to
obtain a visual view. For instance, hesperetin could regulate the �uid shear stress and atherosclerosis
pathway (hsa05418) by interacting with its target including AKT2, RHOA, MAPK14, GSTM1, KDR, MMP2,
MMP9, NOS3, MAPK8, SELE, and SRC, thereby ameliorating development and progression of
atherosclerosis (Figure 5A).

Discussion
Hesperetin exhibited excellent lipid-regulating and anti-in�ammatory activity, which was deemed as a
promising candidate against atherosclerosis (30). However, the mechanism of actions of hesperetin
against atherosclerosis remains obscure. Therefore, a bioinformatics data analysis-based strategy was
applied in this study to investigate the pharmacological mechanism of hesperetin for the treatment of
atherosclerosis. Speci�cally, the pharmacological properties of hesperetin meet the threshold
requirements, implying the excellent druggability of hesperetin for anti-atherosclerosis drug development.
Of note, 294 potential targets of hesperetin and 383 targets related to atherosclerosis were identi�ed.
Afterward, 53 crossover targets were obtained for further study, in which targets closely coincide with the
pathogenesis of atherosclerosis were observed, such as APOA2, SELP, PPARG, SELP. The PPI network
provided information on interactions between these crossover targets and 20 genes associated with the
crossover targets. The subsequent GO and KEGG enrichment analysis indicated that the crossover targets
were closely related to the lipid metabolism and activation of in�ammation such as �uid shear stress and
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atherosclerosis pathway (hsa05418), regulation of in�ammatory response (GO:0006869) and lipid
transport (GO:0050727). Of note, GO and KEGG pathway enrichment analysis was also consistent with
the previous report that hesperetin for the treatment of atherosclerosis depended on its lipid-regulating
and anti-in�ammatory activity. Finally, the hesperetin-target-pathway network was constructed to depict a
visual view of the mechanism of actions of hesperetin for the treatment of atherosclerosis.

Notably, differing from HMG-CoA reductase, we identi�ed another potential target “Albumin”, whereas
experimental veri�cation is needed for determining the possibility of Albumin as a novel target for anti-
atherosclerosis drug development. During KEGG enrichment analysis, the high correlation between
crossover targets and cancer leading us to hypothesize that there might be some unknown connections
between atherosclerosis and cancer, which remains to be explored in larger studies. Of note, we also
admitted that the elucidation of the pharmacological mechanism of hesperetin against atherosclerosis
by data mining and the bioinformatics-based approach was a prediction, and the more precise
mechanism remains to be veri�ed by large-scale experiments.

In summary, it was the �rst time that the data mining from the public database and the bioinformatics
data analysis-based strategy was proposed to uncover the pharmacological mechanism of actions of
hesperetin in alleviating atherosclerosis. Based on the results of network pharmacology analysis,
hesperetin may be a superior candidate for the development of a multi-target and multi-pathway anti-
atherosclerosis medicament. We believe our �ndings would contribute to the further research and
development of hesperetin as a natural active ingredient derived from traditional medicinal plants for the
treatment of atherosclerosis.
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Figure 1

Chemical structure and pharmacological data of hesperetin

Figure 2

Identi�cation of hesperetin-atherosclerosis crossover targets

Figure 3
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PPI network of the hesperetin-atherosclerosis crossover targets

Figure 4

GO and KEGG enrichment analysis of the crossover targets
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Figure 5

Hesperetin-target-pathway network
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