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Abstract

Ganoderma lucidum (Lingzhi) is traditionally recognized for its potential to
delay aging, although its precise molecular mechanisms remain unclear. This
study employed network pharmacology and molecular docking to investigate
the material basis and mechanisms underlying the anti-aging effects of
Ganoderma lucidum. Active components of Ganoderma lucidum and their
potential targets were identified using the TCMSP database. Aging-related tar-
gets were retrieved from the GeneCards, OMIM, and Disgenet databases. The
Venny 2.1 online tool was utilized to obtain common targets shared between
the drug and the disease (aging). A “Drug-Components-Aging-Targets” net-
work was constructed using Cytoscape 3.8.2, and a Protein-Protein Interac-
tion (PPI) network was generated via the STRING database. Functional en-
richment analysis of Gene Ontology (GO) terms and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways for the drug-disease intersection tar-
gets was performed using the DAVID database, with results visualized via
the Weishengxin website. Finally, molecular docking validation of the bind-
ing affinity between key active components and core targets was conducted
using SYBYL-X 2.1.1 software. The results identified 29 active components
in G. lucidum, 819 aging-related targets, and 98 overlapping targets. Molec-
ular docking demonstrated strong binding activity between core anti-aging
components (including ganoderic acid, ganoderenic acid, and ganoder-
manondiol) and key targets (such as CYP19A1, NR3C1, and HMGCR). This
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study indicates that the anti-aging effects of Ganoderma lucidum involve
synergistic actions through multiple components, targets, and pathways.
These findings provide a theoretical foundation for further exploration of its
anti-aging mechanisms.
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1. Introduction

Aging is a complex biological process characterized by the progressive decline of
organismal functions and serves as a primary risk factor for numerous chronic
diseases [1], constituting a central cause of human mortality. The global popula-
tion aged 65 and over currently exceeds 700 million and is projected to reach 1.5
billion by 2050. Within this trend, China’s elderly population is expected to sur-
pass 480 million, positioning it as the country with both the highest degree of ag-
ing and the largest elderly population worldwide [2]. The mechanisms underlying
aging are not yet fully elucidated, with most scholars attributing its onset to factors
such as oxidative stress [3], telomere shortening [4], and mitochondrial dysfunc-
tion. Existing anti-aging interventions offer limited efficacy and may be accom-
panied by adverse effects. Consequently, the pursuit of novel therapeutic targets
and agents is becoming increasingly critical.

Ganoderma lucidum (Lingzhi), a highly valued medicinal fungus, belongs to
the genus Ganoderma within the Polyporaceae family of the Basidiomycota phy-
lum. Its use in China dates back centuries, with its properties documented in the
ancient pharmacopeia Compendium of Materia Medica (Ben Cao Gang Mu),
which records its ability to “benefit heart qi, tonify the middle, enhance wisdom,
and promote lightening of the body and longevity with prolonged consumption”.
Revered as a “superior grade” (Shang Pin) herb by generations of physicians,
Ganoderma lucidum has been confirmed by modern research to contain over 150
active constituents, including triterpenoids, polysaccharides, and adenosine [5]. It
exhibits a broad spectrum of pharmacological activities, such as delaying aging
[6], modulating immunity, improving metabolism [7], and protecting neural
functions [8] [9]. Particularly noteworthy is its ability to activate the SIRT1 lon-
gevity protein pathway, scavenge free radicals, and mitigate aging-related inflam-
mation. Its bioactive triterpenoids have been shown to significantly extend the
lifespan of model organisms [10] and ameliorate aging-associated cognitive dys-
function [11].

Despite confirmed anti-aging effects and significant research progress, the pre-
cise molecular mechanisms through which Ganoderma lucidum exerts its anti-

aging actions remain incompletely understood. Therefore, this study aims to uti-
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lize network pharmacology and molecular docking techniques to investigate these
mechanisms, aiming to shed light on the underlying processes and provide a ref-

erence for further research.

2. Materials and Methods

2.1. Screening of Active Components and Target Proteins of
Ganoderma lucidum

The active components of Ganoderma lucidum (Lingzhi) were retrieved from the
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Plat-
form (TCMSP, https://old.tcmsp-e.com/tcmsp.php) using “ Ganoderma lucidum’”

as the search term. The screening criteria were set as oral bioavailability (OB) =
30% and drug-likeness (DL) = 0.18 [1] [12]. OB = 30% ensures adequate absorp-
tion and system exposure of the components, and DL > 0.18 ensures screening of
molecules with good druggability. This combination provides a reliable candidate
molecule for subsequent network pharmacology studies. Potential target proteins

for the identified active components were predicted using the Swiss Target Pre-

diction database (http://www.swisstargetprediction.ch/). The species was re-
stricted to Homo sapiens, and only targets with a prediction probability greater
than zero were retained. Finally, duplicate targets were removed to generate the

list of Ganoderma Iucidum active component-related targets.

2.2. Screening of Aging-Related Targets and Construction of a
Common Target Database

Aging-related targets were identified by querying three databases: GeneCards
(https://www.genecards.org/), Online Mendelian Inheritance in Man (OMIM,

http://www.omim.org/), and DisGeNET (https://disgenet.com/), using “Aging” as

the search keyword. From GeneCards, only genes with a relevance score greater
than 10 were selected. After removing duplicates, the list of aging-related targets
was compiled. The Ganoderma lucidum-related targets and the aging-related tar-
gets were then uploaded to the Venny 2.1 online tool

(https://bioinfogp.cnb.csic.es/tools/venny/) to identify their intersection (com-

mon targets). A Venn diagram was generated for visual representation of the over-
lapping targets.

2.3. Protein-Protein Interaction (PPI) Network Construction and
Key Target Screening

The common targets identified in Section 2.2 were imported into the STRING
database (https://www.string-db.org/). The “Multiple proteins” option was se-

lected, the species was set to Homo sapiens, and a PPI network was constructed.
The interaction data in TSV format were downloaded and imported into Cyto-
scape software (version 3.8.2). The “Centiscape2.2” plug-in was used to automat-
ically calculate the network features, and the thresholds of degree, betweenness
centrality and closeness centrality were obtained, and the key targets of Ganoderma

lucidum anti-aging were screened according to the thresholds.
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2.4. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) Pathway Enrichment Analysis

The common targets identified in Section 2.2 were submitted to the DAVID da-

tabase (https://david.ncifcrf.gov/) for GO functional enrichment analysis (cover-

ing biological process, molecular function, and cellular component) and the Kyoto
Encyclopedia of KEGG pathway enrichment analysis. The results were visualized
as enrichment bubble plots using the Bioinformatics platform Weishengxin web-

site (http://www.bioinformatics.com.cn/).

2.5. Molecular Docking of Ganoderma lucidum Active Components
with Key Targets

Based on the preceding network analysis results, the top nine active components
ranked by Degree value were selected as ligand molecules. Their 3D structures
were downloaded in SDF format from the PubChem database

(https://pubchem.ncbi.nlm.nih.gov/) and energy-minimized using Chem3D soft-
ware (version 23.1.1). The optimized structures were saved in MOL2 format. The
top three core targets ranked by Degree value (CYP19A1, NR3C1, HMGCR) were
selected as receptor proteins. Their crystal structures were retrieved from the
RCSB Protein Data Bank (PDB, https://www.rcsb.org/) in PDB format. Molecular
docking simulations were performed using the SYBYL-X software suite (version

2.1.1). The procedure included: preparing the receptor proteins by adding hydro-
gen atoms and repairing side-chain defects; automatically identifying the binding
pocket/active site; and performing the docking analysis using the “Dock Ligand”

module.

3. Results

3.1. Screening of Ganoderma lucidum Active Components and
Target Identification

Screening the TCMSP database yielded 61 Ganoderma lucidum active compo-
nents that met the criteria outlined in Section 2.1. The SMILES structures of these
61 components were submitted to the Swiss Target Prediction database for target
prediction, which identified 398 potential disease-related targets. Since some ac-
tive ingredients did not have targets with a predictive probability greater than 0,
they were eliminated, and then 29 active ingredients with key targets were
screened out among the remaining active ingredients (e.g., Ganoderenic acid E,
MOLO011256). Details are presented in Table 1.

Table 1. Active components of Ganoderma lucidum.

MOL ID Chemical Components
MOL000279 Cerevisterol
MOL000282 ergosta-7,22E-dien-3beta-ol
MOL000358 beta-sitosterol
MOLO011125 (+)-Ganoderic acid Mf
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Continued

MOLO011129

MOL011137
MOLO011156
MOLO011157
MOLO011159
MOLO011160
MOLO011162
MOLO011172

MOLO011183

MOLO011189

MOLO011215

MOLO011221
MOLO011225
MOLO011229

MOLO011235
MOL011241

MOL011251

MOLO011256
MOLO011258
MOLO011266
MOLO011267
MOLO011268

MOLO011270

MOL011287

MOLO011309

methyl (4R)-4-[(5R,10S,13R,14R,17R)-4,4,10,13,14-pentamethyl-
3,7,11,15-tetraoxo-2,5,6,12,16,17-hexahydro-1H-cyclopenta|a]
phenanthren-17-yl] pentanoate

campesta-7, 22E-dien-3beta-ol
epoxyganoderiol A
epoxyganoderiol B
ergosta-4,6,8(14),22-tetraene-3-one
ergosta-4,7,22-trien-3,6-dione
Ergosta-7,22-dien-3beta-yl palmitate
ganoderan B

(E,6R)-6-[(3S,5R,7S,10S,13R,14R,17R)-3,7-dihydroxy-4,4,10,13,
14-pentamethyl-11,15-dioxo-2,3,5,6,7,12,16,17-octahydro-1H-
cyclopenta [a]phenanthren-17-yl]-2-methylhept-2-enoic acid

Ganoderic acid DM
(E,5S,6S)-5-acetoxy-6-[(3R,5R,10S,13R,14R,17R)-3-hydroxy-
4,4,10,13,14-pentamethyl-2,3,5,6,12,15,16,17-octahydro-1H-
cyclopenta [a]phenanthren-17-yl]-2-methylhept-2-enoic acid

ganoderic acid V
Ganoderic acid Y
Ganoderic aldehyde A
Ganoderiol F
Ganodermanondiol

(5R,10S,13R,14R,17R)-17-[(E,2R)-7-hydroxy-6-methylhept-5-en-2-yl]-
4,4,10,1 3,14—pentamethyl— 1,2,5,6,12,15,16,17-
octahydrocyclopenta[a]phenanthren-3-one

ganolucidic acid E
ganosporelactone B
Lucialdehyde A
Lucialdehyde B
Lucialdehyde C

(4R)-4-[(5R,75,108,13R,14R,17R)-7-hydroxy-3,11,15-
triketo-4,4,10,13,14-pentamethyl-1,2,5,6,7,12,16,17-
octahydrocyclopenta [a] phenanthren-17-yl] valeric acid
Lucidone A

methyl (4R)-4-[(5R,7S,10S,13R,14R,15S,17R)-7,15-
dihydroxy-4,4,10,13,14-pentamethyl-3,11-dioxo0-2,5,6,7,12,15,16,17-
octahydro-1H-cyclopenta[a]phenanthren-17-yl] pentanoate

3.2. Screening of Aging-Related Targets and Identification of
Ganoderma lucidum-Aging Common Targets

Screening the three databases (GeneCards, OMIM, DisGeNET) as described in
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Section 2.2 resulted in 819 unique aging-related targets following duplicate re-
moval. Intersection analysis of the 398 Ganoderma lucidum component targets
and the 819 aging-related targets using the Venny 2.1 tool identified 98 common
targets (Figure 1).

Compounds Aging

721
(64.4%)

Figure 1. Venn diagram illustrates the intersection between Ganoderma lucidum active
component targets and aging-related targets.

3.3. Construction of the Protein-Protein Interaction (PPI) Network
and Screening of Key Targets

Figure 2. PPI network of common targets shared between Ganoderma lucidum and aging.
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The 98 common targets were imported into the STRING database to construct
a PPI network (Figure 2). Visualization and analysis using Cytoscape 3.8.2 re-
vealed a network comprising 98 nodes and 1,427 edges. Key targets were identified
based on network topology parameters (degree, betweenness centrality, and close-
ness centrality) using the CytoHubba plugin. Nodes exceeding the established
thresholds for all three parameters (229.1224 for degree, 272.2653 for between-
ness centrality, and 20.006024 for closeness centrality) were designated as key tar-
gets. This screening yielded 24 key targets implicated in the anti-aging effects of
Ganoderma lucidum. Ranked in descending order of degree centrality, the top
targets included Cytochrome P450 19A1 (CYP19A1), Nuclear Receptor Subfamily
3 Group C Member 1 (Glucocorticoid Receptor, NR3C1), and 3-Hydroxy-3-
Methylglutaryl-CoA Reductase (HMGCR) (Figure 3).

. CYP19A1

/

BCL2

APP

TNF AKT1

TP53 ACE
ABCB1

Figure 3. Screening results of key anti-aging targets of Ganoderma lucidum based on network

topology analysis.

3.4. Construction of the “Active Components-Key Targets” Network

The network relationship between the 29 active components of Ganoderma Iu-
cidum and the 24 key targets identified in Section 3.3 was visualized using Cy-
toscape 3.8.2. The resulting network consisted of 53 nodes and 145 edges (Fig-

ure 4).
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Figure 4. Interaction network depicting the relationships among Ganoderma lucidum ac-
Figure 5. GO functional enrichment analysis of common targets shared between Ganoderma

tive components, key targets, and aging.
3.5. GO and KEGG Pathway Enrichment Analysis

lucidum and aging.
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hsa05230:Central carbon metabolism in cancer 4 o

hsa01521:EGFR tyrosine kinase inhibitor resistance 5

To elucidate the anti-aging mechanisms of Ganoderma lucidum active compo-
nents, systematic GO functional and KEGG pathway enrichment analyses were
performed on the 98 common targets using the DAVID database. For GO analy-
sis, the top 10 significantly enriched terms (p-value < 0.05) in each category—
Biological Process (BP), Cellular Component (CC), and Molecular Function
(MF), were selected for detailed analysis (Figure 5). Key enriched functions in-
cluded identical protein binding (MF) and protein tyrosine kinase activity (MF).
KEGG pathway enrichment analysis (Figure 6) revealed significant enrichment
in pathways such as the PI3K-Akt signaling pathway and the MAPK signaling

pathway, suggesting their potential roles in mediating the anti-aging effects.

hsa05200:Pathways in cancer .

hsa05215:Prostate cancer 4
hsa01522:Endocrine resistance -

hsa04151:PI3K—-AKkt signaling pathway

hsa05205:Proteoglycans in cancer 4 —logio(pvalue)
20.0
hsa04010:MAPK signaling pathway ! 175
hsa05417:Lipid and atherosclerosis 4 15.0
” - i . ionali . av o 12.5
hsa04625:C—type lectin receptor signaling pathway ﬁ
Q 10.0
hsa04014:Ras signaling pathway 5 ®
hsa04015:Rap! signaling pathway - count
® 10
hsa05235:PD-L1 expression and PD-1 checkpoint pathway in cancer - ® »
hsa05207:Chemical carcinogenesis — receptor activation . 30

hsa05167:Kaposi sarcoma—associated herpesvirus infection -

hsa04066:HIF-1 signaling pathway
hsa04917:Prolactin signaling pathway +

hsa04915:Estrogen signaling pathway

hsa05218:Melanoma -

hsa05219:Bladder cancer q

10 15 20

Figure 6. KEGG pathway enrichment analysis of common targets shared between Ganoderma

lucidum and aging.

3.6. Molecular Docking Results

Based on degree centrality rankings from Section 3.3, the top 3 key targets
(CYP19A1, NR3C1, HMGCR) and the top 9 core active components (MOL000279,
MOL000358, MOL011125, MOL011160, MOL011189, MOL011225, MOL011235,
MOLO011241, MOLO011256) were selected for molecular docking validation. The
docking complexes exhibiting favorable binding poses are illustrated in Figure 7.
Docking scores (Total Score) for each ligand—receptor pair are presented in Figure
8. Interactions with a Total Score > 7.0 were considered indicative of stable binding,
based on the scoring function within SYBYL-X. The results suggest that CYP19A1

and NR3C1 may play crucial roles in the anti-aging activity of Ganoderma lucidum.
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MOLO11241-NR3C1 MOLO11125-NR3C1

MOLO000358-NR3C1

Figure 7. Visualization of molecular docking poses between core Ganoderma lucidum ac-

tive components and key targets.

MOL011160-CYP19A1
MOL011256-CYP19A1
MOL011235-CYP19A1
MOL011225-CYP19A1
MOL000358-CYP19A1
MOL011189-CYP19A1
MOL011241-CYP19A1
MOL011125-CYP19A1
MOL011241-NR3C1
MOL011235-NR3C1
MOL011189-NR3C1
MOL011160-NR3C1
MOL011256-NR3C1
MOL000358-NR3C1

10 12

Total Score

Figure 8. Docking scores for the interactions between the core Ganoderma lucidum active

components and key targets.
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4. Discussions and Conclusions

Ganoderma lucidum, a fungus with a long history of medicinal use, has garnered
significant attention in recent years for its potential anti-aging properties. This
study employed a network pharmacology approach to systematically investigate
the multi-target and multi-pathway mechanisms underlying the anti-aging effects
of Ganoderma lucidum active components.

The results indicate that Ganoderma lucidum may exert anti-aging effects by
modulating key molecular targets [13] [14] (including CYP19A1 and NR3Cl1)
through its bioactive components [15]-[17] (such as ganoderic acids, ganoderenic
acids, ganodermanondiol, and fS-sitosterol), consequently influencing critical sig-
naling pathways including PI3K-Akt and MAPK cascades. These targets and path-
ways are closely related to known molecular mechanisms of aging: CYP19A1 in-
volved in estrogen synthesis, while decreased estrogen levels have been shown to
be associated with cellular senescence, increased oxidative stress, and mitochon-
drial dysfunction [18] [19]; NR3CI regulates metabolic homeostasis, and its ab-
normal activation can accelerate aging-related inflammatory responses (such as
NF-«B signal upregulation) and apoptosis [20]; the PI3K-Akt pathway is the core
regulatory network of aging, affecting cell proliferation, autophagy, and antioxi-
dant defense [21] [22]; the MAPK pathway, especially p38 and ERK signaling, is
closely related to cellular senescence, telomere shortening, and inflammasome ac-
tivation [23] [24].

From the perspective of Traditional Chinese Medicine (TCM) theory, aging is
closely linked to the depletion of kidney essence (Shen Jing Kui Xu) and insuffi-
ciency of the marrow sea (Sui Hai Bu Zu). Ganoderma lucidum, known to target
the heart, lung, liver, and kidney meridians, possesses properties that enrich kid-
ney essence and nourish the heart to calm the spirit. This aligns with the TCM
anti-aging principle of “tonifying the kidney and replenishing the marrow” (Bu
Shen Yi Sui). Modern research corroborates that polysaccharides and triterpe-
noids from Ganoderma lucidum confer neuroprotection [25] [26], potentially de-
laying brain aging by inhibiting inflammatory cytokines (e.g., IL-6), reducing ox-
idative damage, and modulating neurotransmitters (e.g., serotonin, dopamine).
Furthermore, Ganoderma lucidum extracts may mitigate age-associated neuro-
degenerative pathologies by suppressing CASP3-mediated apoptosis and down-
regulating PTGS2-related neuroinflammation [27].

While this study provides initial insights into the potential molecular mecha-
nisms of Ganoderma lucidun’s anti-aging effects, several limitations should be
acknowledged. These include the need to validate the 7/n vivo metabolism of the
active components, elucidate the precise signaling pathways of target regulation,
and confirm clinical efficacy. Future research should integrate animal models and
clinical trials to further delineate the specific mechanisms by which Ganoderma
lucidum retards aging and related disorders (e.g., Alzheimer’s disease). Such in-
vestigations will provide a stronger scientific foundation for developing Ganoderma

lucidum into effective anti-aging therapeutics or nutraceuticals.
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