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Abstract

macology approach. [ Methods] Targets related to atherosclerosis were searched in GeneCards database. An active ingredient-disease-target network was construc-

[ Objectives | This study was conducted to investigate the mechanism of action of glyasperin A in the treatment of atherosclerosis using a network phar-

ted by Cytoscape 3.7.1. A target protein interaction network was constructed by String database. Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analysis were performed on the DAVID database. [ Results] Glyasperin A acted on 36 atherosclerosis-related targets, and
the biofunctional and pathway enrichment analyses showed that it was mainly involved in response to xenobiotic stimulus, drug transport across blood-brain barrier,
lipid oxidation, barrier, and lipid oxidation, etc. The results showed that glyasperin A acted on 36 atherosclerosis-related targets. The biofunctional and pathway
enrichment analyses showed that it was mainly involved in response to xenobiotic stimulus, drug transport across blood-brain barrier, lipid oxidation, positive regu-
lation of protein localization to nucleus, and hepoxilin biosynthetic process, and it played an anti-fatigue role through signal pathways such as serotonergic synapse,
efferocytosis, arachidonic acid metabolism, chemical carcinogenesis-receptor activation and platelet activation. [ Conclusions] Glyasperin A has multi-target and

multi-pathway effects in the treatment of atherosclerosis. This study provides reference for further research on glyasperin A in the treatment of atherosclerosis.
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Atherosclerosis is a chronic vascular inflammation, which in-
volves a complex process of plaque formation by various cells, lip-
ids and debris in the intima of blood vessels, which is influenced
by many traditional and non-traditional risk factors''. Atheroscle-
rosis is a chronic progressive disease, which mainly affects large
and medium-sized arteries, such as coronary artery, cerebral ar-
tery, renal artery and lower extremity artery. lts basic pathological
process is the deposition of blood components such as lipids in the
intima of arteries, the proliferation of smooth muscle cells and the
increase of collagen fibers, forming atherosclerotic plaques, which
lead to thickening and hardening of the arterial wall and narrowing
of the vascular lumen. If the disease continues to develop, it may
cause calcification, fibrosis and other changes in the arterial wall,
which will eventually cause the vascular wall to be stiff and lose its
elasticity, thus affecting the blood supply of organs>'. According
to the national health and nutrition examination data of the United
States, the overall population prevalence rate of high- and low-
density lipoprotein cholesterol in the United States had reached
33.5% from 2005 to 2008
Healih and Diseases in China (2019) pointed out that the preva-

lence of cardiovascular diseases in China is increasing year by
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year, with the number of patients reaching 330 million, and 2 out
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of every 5 deaths died of cardiovascular diseases on average'* .
Therefore, it is particularly important to carry out the treatment of
atherosclerosis to prevent and treat the risks brought by cardiovas-

cular diseases.

Data and Methods
Screening of drug and disease targets

The structure of glyasperin A could be found in PubChem da-
tabase (https://pubchem. nchi. nlm. nih. gov/) , and then corre-
sponding gene abbreviations were searched according to the struc-
ture of effective active ingredient of the drug through Swisstarget-
prediction database (http://www. swisstargetprediction. ch/). In
the GeneCards database ( https://www. genecards. org/), with
" atherosclerosis" (AS) as the key word, reported genes related to
atherosclerosis were searched, and duplicate genes were removed,
and genes with correlation below 1 were screened out, so that
target genes related to “atherosclerosis” were obtained. Finally,
target genes of the ingredient were compared with target genes of
the disease, and common targets were screened out. As a result,
there were 36 targets for the treatment of atherosclerosis by
glyasperin A.
Construction of ''target-disease target' network

Targets related to the active ingredient of crude glyasperin A
and atherosclerosis were screened, and duplicate targets were de-
leted. The data were imported into software Cytoscape Version
3.7.1, and a target network of crude glyasperin A-atherosclerosis
was constructed. The core architecture of Cytoscape software is
network , and each node is a gene, protein or molecule. Edges be-

tween nodes represent the interaction between these biomolecules,
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and the degree of nodes represents the number of nodes connected
to each other in the network. A greater degree indicates that the
target is more likely to become the key target of compounds.
Construction of protein interaction network

The protein targets of glyasperin A was imported into the
String database ( https://string-db. org/, Version 11. 0). The
credibility of protein interaction in the String database was divided
into three grades, with an interaction score greater than 0.7 as
high credibility, 0.4 —0.7 as medium credibility and 0. 15 —0. 40
as low credibility. In this study, a protein interaction network of
crude glyasperin A in the treatment of atherosclerosis was con-
structed by selecting targets with interaction greater than 0.4 and
hiding free nodes. In specific, files in PNG and TSV formats were
downloaded. The obtained data were imported into Cytoscape
3.7.1 software to draw the interaction network, which was then
analyzed. The network analysis results were saved, and Network
Analyzer tools in Cytoscape were used to set node size and color
for the reflection of degree, so as to obtain the final protein inter-
action network.
Biological function and pathway enrichment analysis

The targets of glyasperin A were input into DAVID database
(https ;//david. nciferf. gov/, Version 6.8), and the species was
limited to human. The targets of glyasperin A were analyzed by
gene ontology (GO) and KEGG pathway, and the results were
saved.
Molecular docking

The 3D structures of targets and the molecular structure of the
drug were obtained by PDB and PubChem platforms, respectively.
Molecular docking was carried out by Autodockvina software, and
the docking strength was analyzed using PyMOL and other

software.

Results and Analysis
Active ingredient and its targets

Glyasperin A had 100 active targets. 1 894 targets related to
atherosclerosis with correlation score greater than 1 were obtained
by GeneCards search. A total of 36 potential targets were obtained
by intersecting the active targets of glyasperin A with those related

to atherosclerosis. The Wenn diagram is shown in Fig. 1.

Atherosclerosis

Glyasperin A

Fig. 1 Wenn diagram between active targets of glyasperin A and
atherosclerosis-related targets

Construction of '"ingredient-disease target'' network
The ingredient target-disease target network diagram was

constructed with Cytoscape, as shown in Fig. 2, with 37 nodes
and 36 edges. In the figure, " diamond" represents the active in-
gredient glyasperin A, and a "circle" represents a target.
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Fig. 2 Glyasperin A-atherosclerosis target network

Construction and analysis of protein interaction network

The target proteins of glyasperin A were introduced into the
String database, and a protein interaction network was constructed
by limiting the species to "human" and selecting the targets with
interaction greater than 0.4. As shown in Fig. 3, nodes represent
targets; edges represent the association between targets; and the
degree of nodes represents the number of nodes connected to each
other in the network. A greater degree indicates that the target is
more likely to become the key target of the compound. AKTI,
PPARG, ESR1, PTGS2, SRC, MPO, XDH and other targets are
located at the core of the network and play a key regulatory role in
the protein-protein interaction network.

Fig. 3 Protein-protein interaction network

Biological function and pathway enrichment analysis

GO enrichment analysis and KEGG pathway analysis were
carried out by using DAVID database. GO enrichment analysis in-
cludes three branches, namely biological process ( BP), cellular
component (CC) and molecular function (MF). The top biologi-
cal processes or pathways were screened out to draw figures using
Bioinformatics, as shown in Fig. 4-Fig. 7.
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BP analysis is shown in Fig. 4. These targets were mainly in-
volved in response to xenobiotic stimulus, drug transport across
the blood-brain barrier, lipid oxidation, positive regulation of pro-
tein localization to nucleus, hepoxilin biosynthetic process and
other biological processes.

CC analysis (Fig. 5) showed that the targets were mainly in-
volved in cytosol, extrinsic component of cytoplasmic side of plas-
azurophil granule

ma membrane, macromolecular complex,

lumen, cytoplasm and other cell components.

MF analysis (Fig. 6) showed that the targets were mainly in-
volved in oxidoreductase activity, acting on single donors with in-
corporation of molecular oxygen, incorporation of two atoms of oxy-
gen, enzyme binding, arachidonatel2-lipoxygenaseactivity, iron
ion binding, RNApolymerase II transcription factor activity, lig-
and-activated sequence-specific DNA binding and other molecular

functions.
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Fig. 4 BP enrichment analysis of therapeutic targets of crude glyasperin A for atherosclerosis
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Fig. 5 CC enrichment analysis of therapeutic targets of crude glyasperin A for atherosclerosis

The results of KEGG path analysis (Fig. 7) showed that the
therapeutic targets of crude glyasperin A for atherosclerosis were

mainly involved in serotonergic synapse, efferocytosis, arachidonic

acid metabolism, chemical carcinogenesis-receptor activation,
platelet activation and other signal pathways.
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Fig. 6 MF enrichment analysis of therapeutic targets of crude gl-
yasperin A for atherosclerosis
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Fig. 7 KEGG analysis of therapeutic targets of glyasperin A for
atherosclerosis

Molecular docking of "active ingredient-target'

Glyasperin A and potential core targets PTGS2, SRC and
MPO were molecularly docked to verify the prediction results. It is
generally believed that the lower the binding energy, the more sta-
ble the conformation, and less than —7 kcal/mol indicates that
the protein can be closely bound to the ligand. The results showed
that glyasperin A had strong binding activity with potential core
targets PPARG, PTGS2, SRC and MPO, which verified the reliabil-
ity of the data in this study. Autodockvina was used to visualize the

docking results and draw a 3D schematic diagram (Fig. 8 —Fig. 10).

B+ L g

Fig. 8 Molecular docking diagram of glyasperin A and PTGS2

.

Fig. 9 Molecular docking diagram of glyasperin A and SRC

Fig. 10 Molecular docking diagram of glyasperin A and MPO

Red represents ligand molecules; yellow represents hydrogen
bonds; and green represents amino acids in receptor proteins
linked to ligands. PTGS2 was mainly connected with glyasperin A
through GLN-461, HIS-39 and ARG44. SRC was mainly connect-
ed with glyasperin A through GLU-193, THR-191, GLN-192 and
ARG-296. MPO and glyasperin A were mainly connected through
ARG-46 and GLN-53.

Conclusions and Discussion
With the acceleration of social population aging, cardiovascu-
lar diseases are becoming more and more serious, and the inci-

5
5] As a common

dence and mortality will continue to increase
pathological basis of various cardiovascular diseases (such as hy-
pertension, coronary heart disease and acute myocardial infarc-
tion) , atherosclerosis has also attracted much attention'®. The
basic feature of atherosclerosis is lipid deposition in the intima of
arteries, which will form many uneven atherosclerotic plaques,
make the lumen of blood vessels smaller and the elasticity lower,
and thicken and harden the walls'”’.

plaque formation, internal bleeding, plaque rupture and calcifica-

Moreover, in the process of

tion, thrombosis and atherosclerotic tumor will occur, which will
eventually affect the blood supply of arteries and lead to ischemia
or necrosis of surrounding tissues or organs *'. Atherosclerosis is a
complex process, and its pathogenesis is still unclear. Clinico-
pathological examination shows that it is related to the inflammato-

®T. Furthermore, the

ry reaction in patients with atherosclerosis
pathogenesis of many cardiovascular risk factors, such as hyper-
tension, diabetes and hypercholesterolemia, is closely related to
inflammatory response'"’™""’.

Glyasperin A can treat atherosclerosis through multiple chan-
nels and multiple targets. AKT, also known as PKB (protein ki-
nase B), which is a kind of silk/threonine protein kinase, is an im-
portant intracellular signal regulator, and the main factor regulating
AKT activity is PI-3K. Therefore, AKT is the main participant in
PI-3K-AKT signal transduction pathway, which plays a pivotal
role in various physiological and pathological processes of cells by
regulating the phosphorylation of various effector molecules down-
stream. Mammalian AKT includes at least;: AKT1, AKT2 and
AKT3, which are known to participate in many biological behav-
iors such as cell survival, proliferation, migration, differentiation
and apoptosis'”'. The experiment of Zhang et al. ' proved that
the expression of AKT1 inhibited the proliferation cycle of vascular
smooth muscle cells and affected the direction of intracellular sig-

nal transduction, which could reduce the degree of intimal
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hyperplasia of carotid atherosclerosis in damaged rabbits. PPARG
is mainly expressed in adipose tissue and immune system, which is
closely related to adipocyte differentiation, body immunity and in-
sulin resistance. The key factors affecting PPARG differentiation
are preadipocytes and thiazolidinedione targeting molecules ™.
The study of Chen et al. "' showed that suffering from coronary
heart disease might be related to PPARG. Cyclooxygenase-2
(COX-2) is highly expressed under the regulation by many in-
flammatory cells, and it is expressed by PTGS2. Cyclooxygenase
(COX) is the main rate-limiting enzyme in the process of synthe-
sizing prostaglandin ( PGs) and thromboxane A2 (TXA2) from
arachidonic acid ( AA), and it is involved in the pathological
changes of atherosclerosis ( AS). The increased expression of
COX-2 in vascular smooth muscle cells may be induced by vascu-

0ol Over-

lar injury or stimulation of various inflammatory factors
expression of COX-2 leads to inflammatory reaction, plaque insta-
bility and intimal hyperplasia. Studies have shown that the mRNA
expression of COX-2 at positions with atherosclerosis is 4. 8 times
higher than that in normal arteries, and it is regulated by many in-
flammatory cells, and its metabolites can also promote the occur-

7 In the process of AS occur-

rence of inflammatory reactions
rence and development, it mainly plays a role through activating
inflammatory cytokines, increasing vascular permeability and stim-
ulating the migration and proliferation of vascular smooth muscle
cells™.

To sum up, glyasperin A affects atherosclerosis in many ways
through AKT1, PPARG, PTGS2 and other targets. In this study,
the above results were verified by network pharmacology and mo-
lecular docking technology, but there is still a lack of direct exper-
imental verification such as animal experiments. That is to say,
this study has certain limitations, and the conclusions need further

experimental verification.
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