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Che et al.: Mechanism of Maslinic Acid against Hypolipidemia

Maslinic acid is a pentacyclic triterpenoid acid. Recent research has shown that it has various biological 
activities such as anti-tumor, hypoglycaemic and hypolipidemic. Among them, the hypolipidemic 
effect is prominent and this study aims to further explore its mechanism of action in the treatment of 
hyperlipidemia. The chemical structure of maslinic acid was obtained from PubChem. Based on its 
chemical structure, the bioavailability and drug-like properties of maslinic acid were analyzed using 
Swiss absorption, distribution, metabolism and excretion and its potential targets were obtained from 
SwissTargetPrediction and PharmMapper. Then, the differentially expressed genes between hyperlipidemia 
patients and the health group were analyzed through the gene expression omnibus data set, and the related 
targets of hyperlipidemia were complemented using DrugBank, online Mendelian inheritance in man, 
GeneCards, DisGeNET and therapeutic target databases. Then, the protein-protein interaction network 
was constructed, the CytoNCA plugin and VarElect were used to screen core targets and metascape was 
used to systematically analyze the core targets and explore the mechanism. Finally, molecular docking 
showcased the interaction model. A total of 288 maslinic acid targets and 289 hyperlipidemia-related 
targets were collected and 18 potential therapeutic targets were found. The enrichment analysis results 
further systematically explained the effect of maslinic acid on hyperlipidemia. Maslinic acid can treat 
hyperlipidemia through complex interactions in which the regulation of core genes including albumin, 
peroxisome proliferator activated receptor alpha and apolipoprotein, and the regulation of peroxisome 
proliferator activated receptor signaling pathway play a major role. 

Key words: Maslinic acid, atrial fibrillation, network pharmacology, molecular docking, traditional Chinese 
medicine

In recent years, Cardiovascular Disease (CVD) is 
the main cause of death in China. Among all CVDs 
Atherosclerotic Cardiovascular Disease (ASCVD) 
has increased rapidly and significantly. In 2016, 
approximately 2.4 million people died from ASCVD, 
accounting for 61 % of CVD deaths and 25 % of 
total deaths, compared with 1 million in 1990 (40 % 
of CVD deaths and 11 % of total deaths) has a larger 
increase[1]. Dyslipidemia is a common metabolic 
syndrome, commonly known as hyperlipidemia, 
characterized by elevated levels of Total Cholesterol 
(TC), Triglycerides (TGs) and Low-Density 
Lipoprotein Cholesterol (LDL-C). Decreased High-

Density Lipoprotein Cholesterol (HDL-C) is the main 
manifestation[2] and is the main cause of ASCVD. The 
incidence of hyperlipidemia is increasing with the 
continuous improvement of living standards in China. 
The average level of TC in Chinese adults over 18 y 
old is 4.70 mmol/l (about 182 mg/dl) and the average 
level of LDL-C is 2.88 mmol/l. (approximately 111 
mg/dl); prevalence of high TC, high LDL-C, high TGs 
and low HDL-C were 6.9 %, 8.1 %, 13.8 % and 20.4 
%, respectively[1]. Hyperlipidemia is an important risk 
factor for ASCVD. Reducing TGs, TC and LDL-C in 
blood lipids can significantly reduce ASCVD, CVD 
morbidity and risk of death[2]. Therefore, effective 
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control of blood lipids is of great significance to prevent 
and treat ASCVD and improve the quality of life of 
patients. There is currently no cure for hyperlipidemia 
and long-term oral drug therapy is required[3]. 
Atorvastatin, rosuvastatin, simvastatin and other lipid-
lowering drugs are commonly used clinical drugs, but 
they all have adverse reactions such as liver and kidney 
dysfunction, abnormal glucose tolerance and abnormal 
digestive function[4,5]. Effective drugs that can be taken 
for a long time and have less toxic and side effects are 
an inevitable trend.

Traditional Chinese medicine has unique advantages. 
Chinese herbal medicine has the characteristics of 
multi-component and multi-target, which can act 
synergistically, so as to comprehensively control the 
disease and has less toxic and side effects[6]. Traditional 
Chinese medicine treatment of hyperlipidemia mostly 
uses the methods of removing turbidity and removing 
blood stasis, strengthening the spleen and removing 
phlegm, among which hawthorn is the most used unit-
flavored traditional Chinese medicine. Maslinic acid 
is a pentacyclic triterpenoid acid, widely present in 
many natural plants such as hawthorn, loquat leaves 
and olive oil, and has various biological activities 
such as hypolipidemic, antitumor and hypoglycemic 
activity[7]. It is an ideal alternative or adjuvant drug for 
the treatment of hyperlipidemia.

Network pharmacology can build a network model 
of “component-target-disease”, which can predict the 
targets and signal transduction pathways of drugs and 
diseases, which is of great significance to the study 
of the mechanism of action of traditional Chinese 
medicine[6]. The Gene Expression Omnibus (GEO) 
database is a collection of selected gene expression 
datasets and original series and platform records 
stored in the GEO[8], which combined with network 
pharmacology can realize the interpretation of drug 
therapy, disease mechanism and molecular targets[6]. 
Therefore, this study will systematically analyze 
the mechanism of action of maslinic acid in the 
treatment of hyperlipidemia by the method of network 
pharmacology combined with GEO analysis and verify 
it by molecular docking (fig. 1).

MATERIALS AND METHODS

Potential targets of maslinic acid:

Through the structure of maslinic acid, its target 
absorption and availability, drug-like properties and 
potential targets can be predicted. PubChem[9] provides 

online substance and compound search services. 
Search for maslinic acid in PubChem and download its 
Structural Data File (SDF).

For oral drugs to exert their efficacy, they must go 
through the process of Absorption, Distribution, 
Metabolism and Excretion (ADME) in the human 
body before they can combine with target organs and 
target tissues to exert their efficacy[10]. Bioabsorption 
is multifactorial, but primarily determined by the 
gastrointestinal absorption potential[11]. Upload 
the maslinic acid structure to SwissADME for 
gastrointestinal absorption and drug-like analysis and 
upload the structure to SwissTargetPrediction and 
PharmMapper to predict potential targets.

GEO datasets analysis:

The GEO database was searched with “Hyperlipidemia” 
as the keyword, screened and analyzed using the R 
software limma program package, including quality 
control, conversion of probe IDs into gene names, 
acquisition of expression matrix and finally Fold Change 
(FC)>2 and p value<0.05 were used as thresholds to 
screen differential genes and the R language Pretty 
heatmaps (Pheatmap) program package was used to 
draw heat maps and the grammar of graphics plot 2 
(ggplot2) program package was used to create volcano 
plots. The differentially expressed gene sets were 
subjected to name normalization in Universal Protein 
resource (UniProt).

Therapy targets of hyperlipidemia:

The Online Mendelian Inheritance in Man (OMIM)
[12], DrugBank[13], GeneCards[14], DisGeNET[15] and 
Therapeutic Target Database (TTD)[16] databases 
provide up-to-date data on human genes and free access 
to relevant targets for currently known diseases point 
information. In this paper, hyperlipidemia is used as the 
key word and the relevant targets of hyperlipidemia are 
collected in the above databases as supplements. The 
differentially expressed gene sets mentioned above and 
the genes obtained from each database are merged and 
deduplicated and sorted into hyperlipidemia related 
genes.

Protein-Protein Interaction (PPI) network 
exploration:

The intersection of the related gene targets of 
hyperlipidemia and the potential targets of maslinic 
acid is defined as the potential target of maslinic acid in 
the treatment of hyperlipidemia.
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PPI analysis of related protein targets can make the 
interactions between proteins clearer, which will help 
to explain and discover potential protein complexes or 
function module[17]. Search Tool for the Retrieval of 
Interacting Genes/Proteins (STRING) is a web-based 
online tool that provides online analysis of PPIs[17], 
uploading potential therapeutic targets to STRING to 
build a PPI network. The results were then imported 
into Cytoscape (version 3.8.0)[18], the CytoNCA plugin 
was used to analyze and evaluate the PPI network[19] 
and Molecular Complex Detection (MCODE) was 
used to explore potential functional modules in the PPI 
network.

Relevance of potential targets:

VarElect (http://ve.genecards.org) is an online tool 
based on the GeneCards database that can analyze the 
relationship between disease phenotypes and uploaded 
genes, which can provide relationship analysis based 
on existing evidence[20]. Import the potential targets of 
maslinic acid in the treatment of hyperlipidemia into 
VarElect, analyze the degree of association, export the 
results and score according to the association method 
and association degree, and use Cytoscape 3.8. The 
relationship between lipidemia, the most closely related 
components will be included in molecular docking for 
verification.

Functional enrichment analysis:

Thanks to Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG), data 
can be systematically analyzed and new discoveries 
facilitated[21]. Therefore, in the systematic interpretation 
of the mechanism of maslinic acid in the treatment of 
hyperlipidemia, we performed GO and KEGG analysis 
on the potential targets and functional modules. 
Metascape is a web-based platform that provides gene 
annotation, feature enrichment and interactive genomic 
analysis services, and the database is updated monthly 
to keep our analysis results current[21]. Upload potential 
targets to metascape and perform GO biological 
process, cell component, molecular function and KEGG 
pathway enrichment analysis. Items with a p value of 
<0.01 are considered to be significantly enriched. 

Molecular docking:

In this paper, molecular docking was used to assess 
the interaction between maslinic acid and protein 
targets closely linked to disease. First, the maslinic acid 
structure was changed to Three Dimensional (3D) form 

using ChemDraw and saved in Molecule Structure 
Format (Mol2) after energy minimization. Then, the 
structures of related proteins were collected from the 
Protein Data Bank (PDB)[22].

AutoDock[23] and PyMOL[24] will be used for molecular 
docking and PyMOL will be used to remove water 
molecules, magazines and extract protein targets. 
AutoDock is used for hydrogenation and charge 
calculation of protein targets and hydrogenation of 
maslinic acid, which is saved as a Protein Data Bank, 
Partial Charge (Q) and Atom Type (T) (PDBQT) file. 
Finally, semi-flexible molecular docking was performed 
using AutoDock to evaluate the binding energy of 
maslinic acid to the target protein of interest.

RESULTS AND DISCUSSION

The structural formula of maslinic acid was downloaded 
from PubChem and uploaded to SwissADME to 
evaluate the high gastrointestinal absorption and drug-
like properties of maslinic acid. 75 potential targets 
were obtained through SwissTargetPrediction and after 
prediction by PharmMapper, the results were uploaded 
to UniProt for standardization. 238 potential targets 
were obtained and after the two were combined and 
deduplicated, a total of 288 potential targets of maslinic 
acid were obtained.

Taking “Hyperlipidemia” as the key word, after 
searching in GEO, after screening the title and 
abstract, it was included in the Genomic Spatial 
Event (GSE11393) chip, and the original data set 
and its annotation file GEO Platform (GPL571) were 
downloaded. A total of 6 samples were analyzed and 3 
samples were of hyperlipidemia patient monocytes, 3 
samples were healthy control monocytes. R software 
was used for analysis and processing, and the quality 
control evaluation was qualified (fig. 2), the probe ID 
was converted into gene name, the expression matrix 
was obtained and finally the FC>2 and p value<0.05 
were used as thresholds to screen differentially 
expressed genes. A total of 149 differentially expressed 
genes were obtained of which 133 were down-regulated 
and 16 were up-regulated. The heatmap was drawn 
using the R language Pheatmap program package (fig. 
3). Using the ggplot programming package to make 
a volcano map (fig. 4), normalize the names of the 
differentially expressed gene sets in UniProt and merge 
and deduplicate the genes in each database and the 
differentially expressed gene sets in hyperlipidemia-
related genes.
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Fig. 1: The flow chart of this study

Fig. 2: The results of GEO dataset quality tests, (A) This figure represents grayscale, weight map, residual plot, symbolic residual 
plot, respectively; (B) Relative logarithmic expression plot; (C) Relative standard deviation chart and (D) Ribonucleic Acid (RNA) 
degradation curve. (A-D) demonstrated the GEO datasets are with high quality control

Fig. 3: The heatmap of differentially expressed genes in GEO dataset
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Using “Hyperlipidemia” as the keyword, 6, 24, 83, 
69 and 1 hyperlipidemia-related targets were obtained 
from OMIM, DrugBank, GeneCards, DisGeNET 
and TTD databases, respectively. The differentially 
expressed genes obtained in GEO datasets analysis 
and the related genes obtained from the above database 
were summarized and deduplicated, and a total of 289 
hyperlipidemia-related genes were obtained.

A total of 18 potential therapeutic targets of maslinic 
acid for the treatment of hyperlipidemia were obtained 
by intersecting the potential targets of maslinic acid 
with those related to hyperlipidemia.

Upload the relevant targets to STRING for protein 
interaction analysis. There are 3 potential targets that 
have no interaction with other potential therapeutic 
targets. Export the results, import them into Cytoscape 
and use the CytoNCA plug-in for centrality and 
correlation evaluation, with the median degree value as 
the threshold of 6.5, 3 core targets were screened (fig. 
5) and a potential protein complex or functional module 
was found using the MCODE plugin (fig. 6).

Upload 18 potential therapeutic targets to VarElect, set 
the disease with “Hyperlipidemia” as the key word, 
after checking, carry out correlation analysis and 
export the results. Among the 18 potential therapeutic 
targets, there are 10 targets. There are 8 targets that 
are directly related to hyperlipidemia and 8 targets are 
indirectly related to hyperlipidemia. According to the 
way of association and the targets that are indirectly 
related play a role, then a target-disease map is drawn 
to visually express the relationship between targets 
and diseases (fig. 7), maslinic acid will be molecularly 
docked with the 3 most closely related targets to verify 
the relationship.

Upload the potential therapeutic targets to metascape 
for GO, respectively. Perform GO biological process, 
cellular components, molecular function and KEGG 
pathway enrichment analysis, set the p value<0.01, 
export the results, arrange according to the p value, and 
export the enrichment analysis chart (fig. 8).

Fig. 4: The volcano map of GEO dataset
Note: Threshold is indicated by ( ) Down; ( ) None and ( ) Up
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Fig. 5: The PPI network
Note: All nodes coloured according to the degree value, oval nodes on the inner circle indicate hub targets

Fig. 6: The functional protein complexes

Fig. 7: The results of relevance analysis
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PyMOL (fig. 9). The binding energy refers to the 
strength of the binding between the receptor and the 
ligand, the lower the binding energy, the more stable 
the docking module.

Maslinic acid binds to ALB, PPARA and APOA2 
mainly through hydrogen bonds, binds to Lysine 436 
(Lys436) and Lys195 of ALB protein through hydrogen 
bonds, binds to Lys204 of PPARA through hydrogen 
bonds, and similarly binds to L YS328 of APOA2 
through hydrogen bonds.

Hyperlipidemia is a disease of abnormal lipoprotein 
metabolism in human body, manifested as excessive 
levels of TC, TGs, LDL-C and HDL-C level is too low. 
As the main cause of ASCVD, hyperlipidemia needs 
to be actively controlled to reduce the incidence of 
ASCVD. Maslinic acid is a pentacyclic triterpenoid 
acid, which has various biological activities such as 
anti-tumor, hypoglycemic and hypolipidemic. There 
are few studies on its hypolipidemic activity and 
relevant experiments have proved that maslinic acid 
is effective in reducing blood lipids. However, studies 
on its mechanism of action are still vacant. Some 
studies have shown that maslinic acid has a good 
hypolipidemic effect in non-alcoholic fatty liver model 
mice, but its specific mechanism and target have not 
been elucidated[25].

As shown in fig. 8, the therapeutic effect of maslinic 
acid on hyperlipidemia is mainly through the regulation 
of blood circulation, lipid transport, lipid localization, 
hormone metabolism process, fatty acid transport, 
response to nutrient levels, fatty acid binding, lipid 
binding and other hyperlipidemia-related pathways.

Similarly, GO and KEGG enrichment analysis was 
performed on functional modules found in PPI. The 
main results of this functional module focused on 
biological processes, including regulation of responses 
to external stimuli, blood circulation, circulatory 
system regulation, regulation of blood vessel diameter, 
regulation of cellular ketone metabolism and lipid 
localization for lipid transport.

The protein structures of Albumin (ALB) (1AO6), 
Peroxisome Proliferator Activated Receptor Alpha 
(PPARA) (1I7G) and Apolipoprotein A2 (APOA2) 
(3S84) were downloaded from the PDB database 
respectively, and were imported to PyMOL to 
remove water, impurities. Autodock were utilized 
for hydrogenation, calculate the charge and set the 
protein type. Likewise, the ligand maslinic acid 
was hydrogenated and the charge was calculated. 
Subsequently, molecular docking was performed using 
classical docking to evaluate binding energies (Table 
1) and the results were exported and visualized using 

Fig. 8: The results of enrichment analysis, (A) GO biological processes; (B) GO cellular components; (C) GO molecular functions 
and (D) KEGG pathway
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In this paper, the chemical structure of maslinic acid 
was downloaded through PubChem and the compound 
was evaluated by SwissADME. It was found that 
maslinic acid had good gastrointestinal absorption and 
drug-like properties. 288 potential targets of maslinic 
acid were obtained through the SwissTargetPrediction 
and PharmMapper databases. OMIM, DrugBank, 
GeneCards, DisGeNET and TTD databases were 
combined with GEO data mining, and a total of 
289 hyperlipidemia-related targets were obtained. 
Discovered 18 potential therapeutic targets, constructed 
a PPI network to evaluate their associations, drew a 
target-disease map and intuitively expressed the relevant 
targets that maslinic acid acts on hyperlipidemia. At the 
same time, a potential function was found through the 
MCODE plug-in. The 18 potential therapeutic targets 

were analyzed for disease association and the 3 targets 
with the closest association (ALB, APOA2 and PPARA) 
were subjected to molecular docking verification. The 
enrichment analysis of potential targets showed that 
maslinic acid is mainly responsible for regulating blood 
circulation, lipid transport, lipid localization, hormone 
metabolism, fatty acid transport, response to nutrient 
levels, fatty acid binding, lipid binding and other 
pathways. Lipidemia plays a therapeutic role. Through 
the analysis of the potential functional modules, it is found 
that the regulation of the complex on hyperlipidemia is 
through the regulation of external stimulus response, 
blood circulation, circulatory system regulation, 
regulation of blood vessel diameter and regulation of 
cellular ketone metabolism and lipid transport, lipid 
localization and other pathways. A study have shown 

TABLE 1: DETAILS OF MOLECULAR DOCKING

Compound PubChem ID Target PDB ID Binding energy (kcal/
mol)

Maslinic acid 73659 ALB 1AO6 -10.2

Maslinic acid 73659 PPARA 1I7G -9.8

Maslinic acid 73659 APOA2 3S84 -9.2

Fig. 9: The molecular docking models, (A) MA-ALB; (B) MA-PPARα and (C) MA-APOA2 where MA represents Maslinic Acid
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that maslinic acid can promote the expression of Sirtuin 
1 (Sirt1)/Adenosine Monophosphate-activated Protein 
Kinase (AMPK) and reduce the expression of Sterol 
Regulatory Element-Binding Protein-1c (SREBP-1c), 
Peroxisome Proliferator-Activated Receptor gamma 
(PPARγ), Cytosine-Cytosine-Adenosine-Adenosine-
Thymidine (CCAAT)/Enhancer Binding Protein beta 
(EBP-β) and Fas Cell Surface death receptor (FAS) 
in hepatocytes, thereby reducing the accumulation of 
lipids in hepatocytes, thereby improving liver fat which 
change and significantly reduce its lipid accumulation[26]. 
Through the core target screening of PPI, it is found 
that ALB has the highest degree value, relevance and 
centrality, and is the core target in the PPI network. At 
the same time, ALB is also the central target of potential 
functional groups. In conclusion, ALB is the main target 
of maslinic acid in the treatment of hyperlipidemia. 
ALB is the most important protein in human plasma. 
It is closely related to lipid metabolism, transport 
and metal ion transport. Studies have shown that the 
expression of ALB in the experimental group using 
Yinchen Wuling was up-regulated and the levels of TG 
and LDL-C were significantly decreased, suggesting 
that ALB has a protective effect on hyperlipidemia[27]. 
In addition, congenital hypoalbuminemia has a 
strong impact on lipid metabolism, leading to severe 
hypercholesterolemia and elevated LDL-cholesterol 
levels[28]. APOA2 binds to lipids to stabilize HDL 
structure and affects HDL metabolism, which is closely 
related to the pathogenesis of dyslipidemia. Studies have 
shown that APOA2 is the main determinant of HDL-C 
levels and is a candidate gene for the Quantitative 
Trait Locus (QTL) of the hyperlipidemia and the up-
regulation of APOA2 expression can enhance the 
pathogenesis of atherosclerosis and reverse cholesterol 
transport and remove excess cholesterol from the 
periphery[29-31]. PPARA is a key regulator of lipid 
metabolism, a receptor for peroxisome proliferators, 
regulates the peroxisomal β-oxidation pathway of 
fatty acids and has the functions of lowering blood 
lipids and fatty acids[32]. A study showed that PPARA 
gene knockout mice developed obesity in a sexually 
dimorphic manner and that PPARA had a positive 
role in preventing hyperlipidemia and fatty liver[33]. 
Another study showed that decreased PPARA function 
resulted in increased plasma Apolipoprotein CIII 
(ApoCIII) concentration and decreased plasma HDL-C 
concentrations can lead to decreased hepatic Free 
Fatty Acid (FFA) absorption secondary to decreased 
expression of Fatty Acid Binding Protein (FABP) and 
Fatty Acid Transporter (FATP)[34].

However, this study has some limitations. This study 
aimed to gain insight into the mechanism through 
network pharmacology and molecular docking 
techniques. As with other network pharmacology 
analyses, further studies are required to validate the 
findings.

Maslinic acid can treat hyperlipidemia through complex 
interactions in which the regulation of core genes 
including ALB, PPARA and APOA, and the regulation 
of PPAR signaling pathway play a major role.
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