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Abstract

Network pharmacology and molecular docking methods were used to study the mechanism of Ganoderma lucidum in treating 
hyperlipidemia and to provide the basis for basic research and clinical research. Active ingredients of Ganoderma lucidum were 
screened by the TCMSP database and hyperlipidemia-related targets were screened by the Genecards, DisGeNet, and OMIM data-
bases. The protein interaction network and active ingredient-key target pathway were constructed using CytoScape 3.9.1 software. 
Gene function and pathway enrichment analysis were carried out with the help of the DAVID database, and molecular docking of 
crucial active ingredients and core targets was performed with AutoDock Vina software to screen potential targets and related 
signaling pathways of Ganoderma lucidum active ingredients. PPARA, TNF, ESR1, and EGFR were the critical targets of Ganoderma 
lucidum in treating hyperlipidemia. The key signaling pathways mainly involve the PPAR, insulin resistance, and TNF signaling path-
ways. The molecular docking results showed that the binding energy of the 7 main active ingredients had good binding with EGFR 
and CYP3A4, and the binding energies were all less than -6.5kcal·mol-1. The active ingredients of Ganoderma lucidum can treat 
hyperlipidemia by acting on multiple targets through multiple pathways, providing a specific scientific basis for basic experimental 
research and clinical application.
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Introduction
Hyperlipidemia (HLP) arises from disruptions in blood lipid 

metabolism, typically evidenced by a decline in high-density li-
poprotein cholesterol levels or elevations in total cholesterol, tri-
glyceride, and low-density lipoprotein cholesterol concentrations  

 
[1]. HLP is not merely a precipitating factor for obesity and type 2 
diabetes but also intimately linked to various metabolic disorders, 
including elevated blood lipid levels, hepatic cirrhosis, and kidney 
failure diseases [2]. Currently, the primary therapeutic options for 
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managing HLP primarily encompass Western medications like sim-
vastatin, fenofibrate, and clofibrate. While this medicine effectively 
addresses the condition, their efficacy is often focused on a single 
target, limiting their comprehensive impact on multiple aspects of 
HLP. The prolonged administration of these medications frequently 
entails unwanted consequences, including indigestion and impair-
ment of Liver and kidney functions, among others, with a height-
ened risk of relapse upon cessation of treatment [3]. As a result, 
the exploration of plant-based medications has garnered significant 
attention.

Ganoderma lucidum was first published in Shennong Herbal 
Classics [4]. This herb boasts a medicinal history spanning over two 
millennia in China and is currently listed in the Pharmacopoeia of 
the People’s Republic of China (Volume I) for its therapeutic appli-
cations [5]. Ganoderma lucidum is a medicinal and edible homology 
fungus of Ganoderma lucidum family. It has a sweet taste, smooth 
sex, and heart, lung, liver, and kidney channels. It also has func-
tions such as relieving cough, calming asthma, invigorating qi, and 
calming nerves. Since ancient times, Ganoderma lucidum has been 
a good medicine for promoting health, keeping youth and vitality 
alive forever, and prolonging life. Ganoderma lucidum has a range 
of bioactive components, including polysaccharides, triterpenoids, 
sterols, proteins, amino acids and nucleosides [6]. Modern scientific 
research has found that Ganoderma lucidum has pharmacological 
functions such as anti-oxidation, lowering blood sugar, lowering 
blood lipids, anti-tumour and regulating immunity, and has been 
widely used in drugs, health products and cosmetics [6]. Accord-
ing to Zhu et al., polysaccharides can reduce serum cholesterol and 
increase HDL cholesterol levels and insulin sensitivity from Gano-
derma lucidum, suggesting that Ganoderma lucidum has a positive 
effect on treating hyperlipidemia [7]. Until now, few studies have 
been on the anti-HLP effect of Ganoderma lucidum. In addition, due 
to the diversity and structural complexity of Ganoderma lucidum 
active ingredients, obtaining an anti-HLP target and specific mech-
anism network is challenging.

Network pharmacology is a concept first proposed by Hop-kins 
[8]. Network pharmacology, situated within the realm of systems 
biology and pharmacology, revolves around the construction of 
intricate interaction networks that intertwine compounds, genes, 
protein targets, and diseases, offering a holistic view of their inter-
connectedness [9]. Network pharmacology has evolved into a com-
prehensive “disease-gene-target-drug” network model, enabling 
a multi-faceted understanding and evaluation of the molecular 
mechanisms underlying drug action [10]. This study aims first to 
identify the potential components, targets, and molecular pathways 
involved in Ganoderma lucidum’s anti-HLP effects through the “ac-
tive ingredient-target-signaling pathway” network pharmacology 
approach. Subsequently, molecular docking technology will be used 
to validate the underlying mechanisms of Ganoderma lucidum’s an-
ti-HLP action. This approach provides methodologies and theoreti-
cal foundations for elucidating Ganoderma lucidum’s mechanism of 
action.

Materials and Methods
Screening of Chemical Constituents and Corresponding Tar-
gets of Ganoderma Lucidum

To identify potential active components from Ganoderma lu-
cidum, a search was conducted in the Traditional Chinese Medi-
cine Systems Pharmacology (TCMSP, https://tcmspw.com/index.
php) database using “Ganoderma lucidum” as the keyword. The 
screening criteria included an Oral Bioavailability (OB) threshold 
of ≥30%, a Drug-Likeness (DL) score of ≥0.18, a relative molecu-
lar weight of ≤500, a maximum of 5 hydrogen bond donors, and a 
maximum of 10 hydrogen bond receptors. This rigorous approach 
aimed to narrow down the selection to the most promising candi-
dates [11-13]. Utilizing the PubChem database (https://pubchem.
ncbi.nlm.nih.gov/), the 2D structures of the identified compounds 
were downloaded and subsequently imported into the Swiss Tar-
get Prediction platform (http://www.swisstargetprediction.ch/). 
By specifying “Homo sapiens” as the target organism and initiating 
the prediction process, the corresponding targets were forecasted. 
Targets with a predicted probability of zero were excluded, and the 
remaining data was consolidated to eliminate duplicates [14].

Screening of Hyperlipidemia Targets

To further analyze the potential therapeutic targets for HLP, 
searches were conducted in the GeneCards database (https://www.
genecards.org/) [15] using “Hyperlipidemia” or “HLP” as keywords, 
with a “relevance score” of≥7.0 as the filtering criterion. Addition-
ally, the DisGeNET database (http://www.disgenet.org/) [16] and 
the OMIM database (Online Mendelian Inheritance in Man, https://
omim.org/) [17] were also queried using the exact keywords to 
gather comprehensive information on disease-associated genes. 
As for the OMIM datasets, all targets related to HLP were involved. 
Then, they combined the targets of the three databases to get the 
final target of HLP by removing duplicate genes [18].

Screening of Effective Components and Common Disease Tar-
gets

The species was set as Human through the UniProt (https://
www.uniprot.org/) database, and the gene name of the target pro-
tein was determined. Then Venny diagram tool (https://bioinfogp.
cnb.csic.es/tools/venny/index.html) was used to intersect the active 
ingredients in Ganoderma lucidum and the disease targets, which 
were the potential targets of Ganoderma lucidum in the treatment 
of HLP.

Construction of “Active Compound-Target” Network

Utilizing the Cytoscape 3.9.1 platform (http://cytoscape.org/), 
we constructed an active compound-target network featuring can-
didate active compounds and their potential targets derived from 
Ganoderma lucidum [14]. The core of this network comprised 
nodes representing the active components and targets, while the 
connections between these nodes illustrated their interdependent 
biological interactions [19].
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The Construction of Protein-Protein Interaction (PPI) Net-
works

The intersecting targets were uploaded to the STRING database 
(https://string-db.org/) for PPI (protein-protein interaction) net-
work analysis. The species was specified as “Homo Sapiens,” and a 
minimum required interaction score of >0.4 was applied. All other 
settings were left at their default values to identify the crucial PPI 
targets [20]. The PPI network map was exported in “TSV” format 
and subsequently imported into the Cytoscape software (version 
3.2.1, accessible at http://cytoscape.org/) for visualization, creat-
ing a comprehensive and interactive network representation. The 
visual representation of the network diagram was customized, 
with node sizes and colors reflecting the degree and betweenness 
centrality, respectively. Edges were used to illustrate connections 
between active ingredients and their targets, as well as interac-
tions between targets and biological pathways. Ultimately, a clear 
understanding of the relationships among the active ingredients, 
their potential protein targets, and the associated pathways was 
achieved.

Analysis of Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomes Pathway

The intersection targets were analyzed using the DAVID data-
base (https://david.ncifcrf.gov/) with “Homo sapiens” as the spe-
cies, applying a statistical significance threshold of P<0.05. This 
process involved performing Gene Ontology (GO) analysis and Kyo-
to Encyclopedia of Genes and Genomes (KEGG) enrichment anal-
ysis [21]. To visualize the enrichment results, the bioinformatics 
online platform (http://www.bioinformatics.com.cn/) was utilized, 
with statistical significance determined by a P-value threshold of 
<0.05 [22].

Compound-Target-Pathway for Ganoderma Lucidum as a Treat-
ment for Hyperlipidemia Network Construction

Utilizing the active compounds identified in Ganoderma lu-
cidum, a “Compound-Target-Pathway (C-T-P)” network aimed at 
treating HLP was constructed with the aid of Cytoscape 3.9.1 soft-
ware. The KEGG pathway analysis revealed intersections between 
HLP-related target genes and the active compounds present in Gan-
oderma lucidum. This information was used to construct a network 
where each compound, target, or pathway was represented by a 
node, and their interactions were depicted by edges. Additionally, 

the Network Analyzer plugin in Cytoscape 3.9.1 was employed to 
quantify the degree of node interaction by analyzing the number of 
connecting edges [22].

Molecular Docking

The key active ingredients were used as ligands, and the key 
targets were used as receptors. To acquire the 3D structure of the 
ligand, the PubChem database was utilized. For the target proteins, 
the RCSB PDB database (https://www.rcsb.org) was searched, and 
only those proteins with a crystal resolution of less than 2 Å were 
selected for their 3D conformations. The receptor macromolecule 
was prepared using PyMOL software by removing water molecules 
and proto-ligand small molecules, followed by saving in PDB for-
mat. AutoDock software was then employed to refine the protein 
structure through dehydration, hydrogenation, charge calcula-
tion, and assignment of atom types, ultimately saving it in PDBQT 
format. Small molecule ligands were optimized using Chem3D to 
achieve minimal free energy, and molecular docking was carried 
out with AutoDock Tools-1.5.6. The docking results were visualized 
using PyMOL for analysis.

Results
Screening of Active Components

Utilizing the TCMSP database, the chemical components of 
Ganoderma lucidum were screened based on criteria of an Oral Bio-
availability (OB) greater than 30% and a Drug-Likeness (DL) score 
exceeding 0.18, resulting in the identification of seven active com-
ponents. 274 effective targets were obtained after the removal of 
duplicates.

Screening of Hyperlipidemia-Related Targets and Acquisition 
of Intersection Targets

The HLP target results retrieved from the Genecard, OMIM, and 
Drugbank databases were combined, and the duplicated disease 
genes were discarded to obtain 1115 HLP-related gene-disease tar-
gets. The results were obtained by Venn 2.1.0. As shown in Fig.1, 
blue represents the relevant targets of Ganoderma lucidum com-
pounds (274) and yellow represents the relevant targets of HLP 
(1115). Eventually, 68 overlapping components and disease targets 
were intersected for further analysis, which were the targets of 
Ganoderma lucidum treating HLP (Figure1).

Figure 1: Venn diagram of the potential targets of Ganoderma lucidum in the treatment of hyperlipidemia.
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Compound-Target (C-T) Network Analysis

The “Component-target” network of Ganoderma lucidum com-
pounds was assembled through Cytoscape (version 3.9.1). Among 
them, the dark red square nodes described the potential active 
compound of the Ganoderma lucidum compounds, the dull yellow 
circle nodes described the action targets, and each edge described 
the action relationship from compounds to targets. This network 

comprised a total of 281 nodes, including 7 dedicated to bioactive 
compounds and 274 representing target nodes, which intercon-
nected by 705 edges (Figure 2). The node degree value quantifies 
the number of edges attached to a node, where a higher value sig-
nifies a greater number of connected compounds or targets, there-
by increasing the likelihood of being a pivotal compound or target 
(Table 1).

Figure 2: “Active Component-Target” network of Ganoderma lucidum against hyperlipidemia

Table 1: Characteristics of potential active ingredients in Ganoderma lucidum.

Molecule ID Name Molecular Weight OB (%) DL (%)

MOL011270 Valeric acid 458.65 30.34 0.79

MOL011309 Pentanoate 474.7 30.19 0.8

MOL011140 5α-Lanosta-7,9(11),24-triene-15α,26-dihydroxy-3-one 454.76 38.53 0.8

MOL011137 Campesta-7,22E-dien-3beta-ol 398.74 43.5 0.71

MOL000279 Cerevisterol 430.74 37.96 0.77

MOL000282 Ergosta-7,22E-dien-3 beta-ol 398.74 43.5 0.71

MOL000358 β-sitosterol 414.79 36.91 0.75

PPI Network Analysis

The STRING 11.0 database was employed to analyze the 68 
potential targets of Ganoderma lucidum’s active ingredients in the 
context of treating HLP. As shown in Figure 3, the protein interac-
tion topology contained 68 nodes and 502 edges. The importance 
of the target in the network can be judged by the area and color 
depth of the nodes and the node degree value. The mean point de-
gree value was 14.8, the average clustering coefficient was 0.629, 
and the P<1.0e×10-16, indicating that the PPI network had sig-
nificant statistical significance. These 68 targets could be crucial 
factors contributing to the therapeutic mechanism of Ganoderma 
lucidum in managing HLP.

The PPI results were taken as TSV format was analyzed using 
Cytoscape 3.9.1 software for visualization and topology analysis. 
The degree value reflected the extent of node connection, which 

indicated the degree of correlation. When the number of edges con-
sistent with the target of a compound was significant, it meant that 
the compound greatly impacted the treatment. Betweenness values 
indicate the ability of a compound to communicate between all the 
shortest paths [23]. The node embodies the pivotal target, whereas 
the edge depicts protein-protein interactions. A heightened degree 
of network connectivity signifies stronger relationships among pro-
teins, with a corresponding increase in node degree value resulting 
in a larger protein node representation. The results were depicted 
in Figure 4 and Table 2, and the essential targets were as follows: 
TNF (47), PPARG (43), PPARA (36), TP53 (31), EGFR (28), HIF1A 
(28), ESR1 (28), and CYP3A4 (27), which may play key regulatory 
roles in protein interaction networks (Table 2). Based on these re-
sults, we believe these could be crucial target genes in developing 
hyperlipemia.
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Figure 3: PPI network of Ganoderma lucidum for treatment of hyperlipemia.

Figure 4: PPI network of core targets for Ganoderma lucidum against hyperlipidemia.
a)	 The PPI network map optimized by Cytoscape
b)	 The top 10 core targets of PPI network map

Table 2: Degree values of crucial target proteins.

Name Gene Name Betweenness Centrality Closeness Centrality Degree

TNF Tumor necrosis factor 0.180626242 0.761 47

PPARG Peroxisome proliferative activated receptor, 
gamma 0.106195188 0.736 43

PPARA Peroxisome proliferation-activated receptor 
alpha 0.072125184 0.684 36

TP53 Tumor Protein 53 0.034021607 0.638 31

EGFR Epidermal growth factor receptor 0.026738706 0.615 28

HIF1A Hypoxia-inducible factor 1α 0.020299235 0.626 28

ESR1 Estrogen Receptor 1 0.026417409 0.615 28

CYP3A4 Cytochrome P450 3A4 0.037317708 0.615 27

GO Function and KEGG Pathway Enrichment Analysis

To further explore the mechanism of action of Ganoderma lucid-
um against hyperlipemia, the key target genes were analyzed by GO 
and KEGG signaling pathways. DAVID works for online bioinformat-
ics analysis databases to help identify and capture large amounts 
of information about gene or protein function [24]. The David da-
tabase was searched, and 68 targets were used for biological func-
tion analysis. GO enrichment yielded 350 entries (P<0.01), of which 
the enrichment of biological process (BP, 254 records), molecular 

function (MF, 57 recordings), and cellular component (CC, 31 re-
cords). The P-value of the items was negatively correlated with the 
enrichment degree. The items were arranged in ascending order 
according to the P-value and count. The top 10 entries from each of 
the BP, MF, and CC categories were selected to create bar charts for 
visualization (Figure 5). As shown in Figure 5, the BP category re-
sults revealed that the positive regulation of miRNA transcription, 
cholesterol metabolism process and negative regulation of miRNA 
transcription were the important biological processes in the treat-
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ment of hyperlipemia; CC category was primarily engaged in the 
endoplasmic reticulum, chromatin and endoplasmic reticulum; and 

MF category was mostly implicated in nuclear receptor activity, ste-
roid binding and enzyme binding.

Figure 5: GO enrichment analysis of the main targets of Ganoderma lucidum.

The potential targets were enriched by KEGG pathway analysis, 
and 102 signaling pathways were obtained. In ascending order of 
P-value, select the first 20 paths. The more genes involved in the 
pathway, the larger the bubble; The greater the statistical signifi-
cance, the darker the fill color from green to red. The 20 pathways 
were depicted in Figure 6, the core pathways were mainly involved 
in Endocrine resistance (Count=10, P=2.38E-8)、PPAR signaling 

pathway (Count=9, P=4.77E-8)、 Insulin resistance (Count=10, 
P=5.55E-8) and regulation of lipolysis in adipocytes (Count=7, 
P=3.14E-6). The findings revealed that the potential targets of 
Ganoderma lucidum compounds in treating HLP were widespread 
across various pathways, working in concert to modulate multiple 
structures and functions.

Figure 6: KEGG pathway enrichment analysis of potential targets of Ganoderma lucidum against hyperlipidemia.



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copyright© Zheng-Lian Xue

129

Construction of Compound-Active Ingredients-Potential Tar-
get-Pathway Network

The Cytoscape 3.9.1 software was used to construct the inter-
action network diagram of the “Chinese Medicine-active ingredi-
ents-potential target-pathway” of Ganoderma lucidum in treating 
hyperlipemia, in which the node size reflected the intensity. As 
shown in Figure 7, the network contained 95 nodes (blue for tar-
gets, yellow for compounds, and green for pathways) and 377 edg-

es, which showed that the targets of Ganoderma lucidum chemical 
components were distributed in different metabolic pathways, with 
multiple molecules acting on the same pathway and one molecule 
acting on multiple pathways. According to this network, TNF、ESR1
、TP53、EGFR can be considered as the hub gene, as it were en-
riched in almost all enriched pathways, PPAR signaling pathway、 
Insulin resistance lipids and atherosclerosis and regulation of lip-
olysis in adipocytes.

Figure 7: “drug-core ingredient-core target-disease” interactive network potential targets of Ganoderma lucidum in treating hyperlipemia.

Molecular Docking Verification

The seven active compounds identified from Ganoderma lucid-
um were individually docked with the top hub genes. Binding ener-
gies less than 0 kcal·mol-1 were indicative of spontaneous molec-
ular protein binding, with lower values signifying greater stability 
in molecular conformation. Binding energies below -5 kcal·mol-1 
were considered to demonstrate a stronger bonding force [25, 26]. 

The active compound with the lowest binding energy to TP53, TNF, 
PPARG, PPARA, HIF1A, ESR1, EGFR and CYP3A4 were Cerevister-
ol (-6.75 kcal·mol-1), Campesta-7,22E-dien-3β-ol (-7.65kcal·mol-1), 
Cerevisterol (-6.93kcal·mol-1), Valeric acid (-6.59 kcal·mol-1), Valeric 
acid (-7.42 kcal·mol-1), ErgoSTA-7,22E-dien-3β-ol (-5.57kcal·mol-1), 
Campesta-7,22E-dien-3β-ol (-8.88 kcal·mol-1) and ErgoSTA-7,22E-
dien-3β-ol (-8.68kcal·mol-1) (Figure 8).

Note*: 2 was 5α-Lanosta-7,9(11),24-triene-15α,26-dihydroxy-3-one.
Figure 8: Heat map of molecular docking between the main active components and key targets of Ganoderma lucidum in treating hyperlipemia.
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The results of the visual simulation analysis were shown in 
Figure 9. The three-dimensional visualization of the ligand-recep-
tor complex showed that the compounds could stabilize the target 
proteins’ active pockets, respectively. The findings showed that the 
binding from core components to key targets was mainly hydro-

phobic, and hydrogen bonds and salt bridges also played a role in 
molecular binding (Table 3). It was speculated that the above active 
ingredients were the critical pharmacodynamic ingredients of Gan-
oderma lucidum in treating hyperlipemia.

Note*: the yellow stick-like part was the stick-like structure of amino acid residues connected to the core targets, and the green stick-like part was 
the active compounds of Ganoderma lucidum. The number indicated the length of the bond of the compound.
Figure 9: The 3D visual displays of ingredient-protein molecular docking mode
a)	 Ergosta-7,22E-dien-3β-ol and TP53
b)	 Campesta-7,22E-dien-3β-ol and TNF
c)	 Valeric acid and PPARG
d)	 Valeric and PPARA
e)	 Pentanoate and HIF1A
f)	 Ergosta-7,22E-dien-3β-ol and ESR1
g)	 Campesta-7,22E-dien-3β-ol and EGFR
h)	 Ergosta-7,22E-dien-3β-ol and CYP3A4

Table 3: The docking score of the main targets.

Target Hydrophobic Interactions Hydrogen Bonds Salt Bridges

TP53 TYR-1569、GLN-1577、ARG-1578、LYS-1579、TRP-
1580、TYR-1581 GLY-1576 NA

TNF GLN-102、ASN-112 NA NA

PPARG GLU-471、LYS-474 PRO-141 LYS-474

PPARA VAL-281、ALA-455 ASN-261 LYS-266、HIS-274

HIF1A LYS-72、PRO-92、PHE-93、PRO-96、ILE-99 ARG-43、LYS-46 NA

ESR1 TYR-84、LYS-87 NA NA

EGFR PHE-723、LEU-747、ILE-759、LEU-777、LEU-788
、PHE-856、LEU-858 GLU-749 NA

CYP3A4 PRO-110、LEU-211、PHE-213、PHE-219、PHE-220
、ILE-238、VAL-240、PRO-242 NA NA

Discussion
With the change of modern diet structure, the incidence of HLP 

has increased significantly, and HLP has become a significant public 
health problem [27]. In this research, we employed network phar-
macology as a means of analyzing and found that the seven anti-

hypertensive-active compounds in Ganoderma lucidum included 
campesta-7,22E-dien-3β-ol, cerevisterol, β-sitosterol, pentanoate, 
and other key active ingredients. Studies have confirmed that com-
pounds like β-sitosterol, belonging to the phytosterol family, exhibit 
capabilities in enhancing cholesterol metabolism, mitigating oxida-
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tive stress, and diminishing lipid build-up in hepatocytes subjected 
to high fatty acid concentrations [28].

By conducting an in-depth examination of the C-T network and 
PPI network, PPARG, TNF, EGFR, ESR1, and other targets were con-
sidered the critical targets of Ganoderma lucidum in the treatment 
of hyperlipemia. The formation of adipocytes is a complex process 
in which the regulation of gene expression is crucial [29]. Studies 
have found a variety of positive transcription factors and reverse 
transcription factors that affect the differentiation function of ad-
ipocytes, among which PPARG is a factor that cannot be underes-
timated in the process of adipocyte formation [30]. In addition to 
regulating adipocyte differentiation, PPARG can also regulate adi-
pocyte metabolism and insulin sensitivity of mature adipocytes, 
playing an essential role in glycolipid metabolism [31,32]. PPARG 
potentiated the adipose process, and enhanced the process of ad-
ipogenesis [33]. Upregulation of PPARG can affect genes involved 
in fatty acid metabolism and triacylglycerol storage to maintain ad-
ipocyte phenotypes, affecting blood lipids [34]. Therefore, PPARG 
was closely related to fat formation. ESR1 mediated the expression 
of the SCL2A4 gene to affect the standard transformation of fat to 
regulate blood glucose metabolism disorders [35]. Inflammation is 
also closely related to HLP, which can accelerate fat accumulation 
in liver cells. A considerable accumulation of fat can aggravate the 
inflammatory response and activate and enhance the expression of 
inflammatory factors. As an inflammatory element, TNF, a critical 
cytokine, was predominantly secreted by activated macrophages 
and natural killer cells, in which Tumor necrosis factor-α played a 
significant role. TNF family protein levels have been an essential 
indicator in HLP-related diseases [36]. EGFR is involved in many 
human diseases and is central to regulating the survival, prolifera-
tion, migration, and differentiation of various tissues. Research has 
revealed EGFR’s link to metabolic disturbances, where in it miti-
gates fat accumulation and hepatic cellular injury through dimin-
ishing cholesterol biosynthesis and fostering fatty acid oxidation. 
Consequently, EGFR emerges as a promising therapeutic target for 
addressing dyslipidemia [37]. ESR1 is one of the main types of es-
trogen receptor, and ESR1 gene polymorphism plays a crucial role 
in lipid metabolism [38]. CYP3A4 is involved in the bio-transforma-
tion and transportation of bile acid, as well as the metabolism of 
cholesterol [39].

The KEGG pathway analysis highlighted the prevalence of sev-
eral key pathways, including insulin resistance, TNF signaling, PPAR 
signaling, and endocrine resistance pathways, as the primary ones 
among the observed enrichments. Insulin resistance is closely re-
lated to HLP, and patients with HLP are prone to insulin resistance. 
At the same time, insulin resistance makes insulin target cells in-
sensitive to insulin, and target cells cannot take up plasma glucose, 
resulting in increased plasma glucose levels [40]. The body needs 
to absorb excessive glucose in plasma to synthesize fat and store it 
in target cells. Maintain the balance of glucose metabolism, causing 
HLP. TNF-a was one of the secretion products of adipocytes. It could 
promote the apoptosis of precursor adipocytes and adipocytes, 

inhibit the differentiation of precursor adipocytes, and inhibit the 
synthesis of adipocytes [41]. Furthermore, it promotes lipid break-
down in adipocytes, releasing free fatty acids and subsequently in-
hibiting the insulin signaling pathway, ultimately contributing to in-
sulin resistance [42]. PPAR signaling pathway was involved in many 
physiological processes of HLP and diabetes-related cardiovascular 
diseases, including inflammatory response, energy metabolism, lip-
id metabolism, and so on [43].

This study offers preliminary insights into the potential active 
ingredients of Ganoderma lucidum that exhibit anti-HLP effects and 
their underlying mechanisms of action. These findings serve as a 
foundation for further research on anti-HLP bioactive compounds 
and facilitate the development of traditional Chinese medicine 
components for managing HLP. While the network pharmacology 
approach facilitated the prediction of Ganoderma lucidum’s an-
ti-HLP mechanism in this study, definitive validation necessitates 
additional experimental investigations and clinical applications.

Conclusion
By integrating network pharmacology and bioinformatics, this 

study elucidated the material basis of Ganoderma lucidum anti-HLP. 
It was found that Ganoderma lucidum may promote the activation 
of blood lipids through core components such as valeric acid, cer-
evisterol, β-sitosterol, etc. on targets such as TNF, PPARG, PPARA, 
HIF1A, ESR1, EGFR, CYP3A4, etc. Regulate TNF, PPAR and other sig-
naling pathways to play an anti-HLP role. This study elucidated the 
molecular mechanism of Ganoderma lucidum action on HLP, and 
provided a reference for further investigation of the mechanism of 
anti-HLP.
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