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Abstract: Current PD treatment mainly relies on traditional symptomatic therapy, with new drugs having
great potential. Kuding tea, a Chinese medicine with antioxidant properties, might treat PD via
antioxidant-driven anti-aging, but its exact mechanism is unclear. This study, combining network
pharmacology, differential analysis, PPI network, single-cell analysis, and molecular docking, identified
72 common targets (e.g., CCNDI, BCL2L1, PARPI) related to apoptosis, oxidative stress, cell cycle
regulation, and the JAK-STAT pathway. Molecular docking confirmed their potential roles, suggesting
Kuding tea's components could influence these proteins and pathways, affecting oxidative stress, aging,
and inflammation repair in PD treatment, and offering a new research direction for its therapeutic
mechanism.
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1. Introduction

Parkinson's disease (PD), a common neurodegenerative disease among the middle - aged and elderly,
is characterized by the degeneration and massive loss of dopaminergic neurons in the substantia nigra
pars compacta of the midbrain, as well as the formation of Lewy bodies!! 2. Its complex pathogenesis
may be closely related to mitochondrial dysfunction, abnormal protein aggregation, oxidative stress,
immune mechanism disorder, and aging!®!. With aging, cell processes prone to neurodegeneration are
affected, promoting PD occurrence!®. The damage from aging may lead to organ dysfunction and
accelerate aging - related diseases!®!. In PD research, protecting damaged neurons through anti - aging
and apoptosis pathways is significant for uncovering PD's pathogenesis and providing new therapeutic
strategies!® 7],

Multiple studies indicate that Kuding tea's aqueous extract is effective for PD and other
neurodegenerative diseases, dilating cerebral blood vessels, improving cerebral blood circulation, and
regulating cerebral vascular function®]. Park Linghua et al. found Kuding tea polysaccharides have strong
antioxidant activity in clearing various radicals®!. Xiong J et al. revealed that Kuding tea polyphenols'
antioxidant ability increases with their richness!'”. Zhao X et al. discovered Kuding tea decoction
positively impacts mice's immune factor secretion, like interleukin - 2 and interferon. Kakumu Y et al''",
established mouse models and showed Kuding tea extract's significant anti - inflammatory effect!!].
However, Kuding tea's therapeutic mechanism isn't fully clear and needs more research.

Network pharmacology, integrating systems biology, network biology, computer science, and
pharmacology, uses biological network models to analyze "components - genes - targets - diseases"
interactions, explaining disease treatment principles and guiding new drug development!'3 4. Molecular
docking technology, based on the lock - and - key principle between drugs and protein molecules, uses
computer simulation to explore ligand - receptor interaction sites and magnitudes!!*!. This study aims to
explore Kuding tea's key mechanisms in PD treatment, constructing "drug - disease - target" association
and PPI networks, and conducting in - depth analyses with bioinformatics tools like GO and KEGG,
along with molecular docking studies. Our research may reveal Kuding tea's PD treatment mechanism,
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supporting relevant studies and clinical application.

2. Materials and Methods
2.1 Acquisition of Kuding tea tea targets

Structural files of Kuding tea in different formats were obtained from PubChem. Then, databases
such as BATMAN-TCM (Score cutoff > 5), PharmMapper, SEA, SuperPred, and Swiss Target Prediction
were used to comprehensively collect the potential targets of Kuding tea. The Uniprot database was
utilized to standardize the target names, and after removing duplicate information and integrating the
data, a Kuding tea target dataset was formed.

2.2 Collection of Parkinson's disease - related genes

High - throughput sequencing data of PD were downloaded from GEO. The “limma” package in R
language was used for differential analysis, and the “WGCNA” package was used to construct a weighted
gene co - expression network. The screening criteria for differential genes were | logFC | > 0.3 and P <
0.05. A network model was built using a soft threshold (B), and the co - expression modules most related
to the disease were identified. Genes in these modules were extracted and intersected to obtain more
reliable and representative PD - related genes. Further, PD - related genes were obtained from databases
such as GeneCard, OMIM, TTD, DrugBank, and PharmGKB, and the final PD - related genes were
determined after merging and removing duplicates.

2.3 Construction of the “drug - target - disease” network

The intersection of Kuding tea and PD target datasets was taken, and these intersecting targets are
likely to be the key targets for Kuding tea in the treatment of PD. The key targets, Kuding tea, and PD -
related information were integrated into the Cytoscape 3.9 software to construct an interactive “drug -
target - disease” network, which was then visualized.

2.4 Establishment of the PPI network

The key targets were imported into the Cytoscape software. The BisoGenet plugin and CytoNCA
plugin were used to construct a PPI network and calculate parameters such as degree centrality (DC) and
betweenness centrality (BC). After data screening, the core PPI network was obtained.

2.5 GO function analysis and KEGG pathway analysis

In R3.6.2, multiple Bioconductor packages completed core network gene ID conversion, GO
annotation, and KEGG pathway enrichment. Corrected P - value < 0.05 was the screening criterion,
selecting the top 10 entries in BP/CC/MF. Cytoscape 3.9 analyzed the top 20 KEGG pathways, building
a "gene - pathway" network. Degree centrality visualized Kuding tea's potential PD - treatment targets.

2.6 Molecular docking verification

Autodock Vina verified molecular docking of Kuding tea - related compounds and PD/aging - related
key targets. Target protein structures (CCND1, BCL2L1, PARP1, STAT1) came from RCSB PDB.
Proteins were processed (removing water/ligands, adding hydrogen) using Autodock Toolsl1.5.7 to
prepare PDBQT files. Kuding tea component 2D structures (quercetin, kaempferol, B - sitosterol) were
from PubChem, hydrogen - added, then docked. The docking pocket covered all potential protein active
sites, with multiple conformations compared. The lowest - binding - energy conformation was chosen.
Pymol analyzed and displayed ligand - receptor interactions.

3. Results
3.1 Identification of Active Ingredients and Targets of Kuding tea tea

In TCMSP, we retrieved the SMILES code of Kuding tea by keyword search and screened out its
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target genes and proteins. The criteria were OB% > 30 and DL > 0.18. The drug target prediction results
were from high - evidence experimental studies and related literature. The predicted drug target proteins
in the TCMS database were converted into gene names via the Uniprot database. Finally, the "venn"
package in R software was used to intersect these target genes and remove duplicates, which were
considered as the target genes related to Kuding tea. Eight active components were identified from

Kuding tea, and 149 key target genes were precisely identified using the UniProt database (as shown in
Table 1).

Table 1 Basic Information Table of Partial Active Ingredients of Kuding tea Tea

Serial Number MOL-ID Component English Name
1 MOL000211 Mairin
2 MOLO000358 beta-sitosterol
3 MOL000363 amyrin Palmitate
4 MOL000422 kaempferol
5 MOL000492 (+)-catechin
6 MOL006504 (-)-Catechin gallate
7 MOL006554 Taraxerol
8 MOL000098 quercetin

3.2 Parkinson's disease - related targets

The GEO and CellAge databases were collected to obtain the combined de-emphasis of the disease
targets of GSE7621 and aging for PD, which were 1,918 and 1,259, respectively, and 9,227 genes were
de-emphasised for the two kinds of diseases combined.

3.3 Network diagram of active ingredients and common targets between Kuding tea tea and
Parkinson's disease

The GSE7621 expression matrix was normalized and analyzed via principal component analysis.
Using thresholds of adjusted |log(FC)| > 0.3 and p - value < 0.05, 21604 DEGs were identified in the
training set. These DEGs were visualized using volcano plots, heatmaps, and differential expression
ranking plots. The targets of Kuding tea's active ingredients and PD were input into the "Venn Diagram"
package in R language, yielding a Venn diagram that revealed 72 common targets. Based on these

intersecting targets, we further screened the active ingredients in the candidate compounds associated
with these targets.
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Figure 1 Identification of DEGs and DESRGs in the GSE7621 training set for PD (A) Volcano plot, (B)
Differential expression ranking plot, (C) Heatmap, (D) Venn diagram showing the overlap between PD
- related genes and genes in the Kuding tea tea database.
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3.4 Visualization of the Relationship between the Main Active Ingredients of Kuding tea Tea and Their
Targets

The MOL - ID and corresponding target data of the main active ingredients of Kuding tea tea (see
Table 1) were imported into Cytoscape 3.9 software. A visual network was constructed, showing the
relationship between the active ingredients in Kuding tea tea and their targets. In this network, each node
represents Kuding tea tea, its active ingredients, Parkinson's disease (PD), and related targets, while the
edges reveal the interconnections between these nodes. This network diagram provides a comprehensive
perspective for understanding how Kuding tea tea interacts with specific targets through its active
ingredients, thereby affecting Parkinson's disease (as shown in Figure 2).
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Figure 2 The "drug - active components - common targets - disease" network of Kuding tea in the
treatment.

3.5 The protein-protein interaction network diagram of the interaction between the active components
of Kuding tea and the key target proteins of neurodegenerative diseases

Using the STRING database, a PPI network based on common targets of Kuding tea and PD was
constructed (Figure 1). It has 28 nodes, 72 edges, and an average degree of 5.14, indicating complex
interactions. A topological analysis of the PPI was done (Figure 3). Genes with betweenness centrality >
10 were considered core targets. Based on degree values, 14 key targets were identified: CCNDI,
BCL2L1, ICAM-1, IGFBP3, CDKN1A, MMP3, TOPI1, F3, PLAT, STATI, PARAPI, CXCL10, and
CCNBI. These genes rank highest in degree values in the PPI network (Figure 4), suggesting their
importance. They may be crucial targets for PD treatment, offering new potential directions.
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Figure 3 Protein-Protein Interaction. Figure 4 Betweenness Centrality of Relevant Targets.

3.6 GO Functional Analysis and KEGG Pathway Enrichment Analysis of Kuding tea Targets for
Parkinson's Disease

Based on the STRING database, a comprehensive Gene Ontology (GO) enrichment analysis of the
potential targets of Kuding tea for the treatment of Parkinson's disease (PD) was conducted, covering
three dimensions: biological processes, molecular functions, and cellular components. After screening,
items with an adjusted P-value less than 0.05 were identified. The results show that these targets are
involved in a total of 1,458 biological processes and are associated with 167 molecular functions and 109
cellular components (see Figure 5). These targets are primarily closely related to the activity of G-protein
coupled receptors, the activation of hormone receptors, the binding of nuclear hormones, the reactive
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activity of cytokine and mucin receptors, and the function of postsynaptic neurotransmitter receptors.
The same method was used to perform KEGG pathway enrichment analysis on the potential target genes,
and a total of 76 signaling pathways were enriched, as shown in Figure 6. The results indicate that the
apoptosis pathway, JAK-STAT signaling pathway, liver cancer signaling pathway, and the synthesis,
secretion, and action pathway of growth hormone are significantly enriched, involving a large number of
genes and having a high enrichment factor.
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Figture 5 GO Analysis of Potential Therapeutic Targets of Kuding tea for PD.
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Figure 6 KEGG pathway enrichment analysis of potential therapeutic targets of Kuding tea for PD.
3.7 Molecular Docking Validation

To verify the predicted targets of Kuding tea - related compounds, AutoDock Vina was used for
molecular docking of representative compounds (quercetin, kaempferol, - sitosterol) with key target
proteins (CCND1, BCL2L1, PARPI, STATI1). Twelve active components with binding energy < -5.3
kcal/mol were obtained, showing strong affinity. The lowest - binding - energy conformation was chosen.
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Table 2 details the binding energies (as shown in Table 2) , and Figure 7 shows ligands' positions and
interactions. Results showed quercetin, kaempferol, and P - sitosterol could form hydrogen bonds with
targets. Kaempferol had the most interactions and stable binding. Kaempferol has anti - inflammatory,
antioxidant effects, and protects mitochondria. Its antioxidant effect in the nervous system can improve
memory impairments from neurodegenerative changes. These results indicate Kuding tea's active
components may exert therapeutic or ameliorating effects on PD via these targets.

Table 2 Binding energy of key component and key targets (kcal/mol).

Compound Target
STATI1 CCND1 BCL2L1 RARP1
Quercetin -6.5 -9.2 -7.6 -8.7
Kaempferol -6.3 - 8.5 - 8.1 - 8.8
B-sitosterol -53 -6.5 - 6.4 -54

}z
féz .

Figure 7 Molecular docking pattem ofkey target and component. A. Optimal docking conformation of
quercetin with PARP1; B. Optimal docking conformation of quercetin with CCND1; C. Optimal
docking conformation of kaempferol with PARPI1,; D. Optimal docking conformation of kaempferol
with CCND1.

4. Discussion

Parkinson's Disease (PD) is a complex neurodegenerative disorder with multiple pathological
mechanisms!!® '), Current pharmacological treatments can slow neuronal dysfunction but cannot reverse
damage once the disease is in middle/late stages!'®). In Traditional Chinese Medicine (TCM), PD
symptoms are categorized into syndromes like "dementia," "tremor," and "hemiplegia," with treatment
strategies focusing on resolving phlegm, opening orifices, and invigorating the mind!!®],

Kuding tea contains various active components, including triterpenes, flavonoids, amino acids,
volatile oils, and polysaccharides!”. Studies show it can alleviate symptoms like dizziness, headache,
and fatigue, while also having effects on lowering blood pressure and improving blood flow?’!. Research
suggests Kuding tea may have therapeutic effects on PD through multiple components and targets,
including CCNDI1, BCL2L1, PARPI, ICAMI1, IGFBP3, TOP3, STAT1, CXCL10, and CCNBI.
Quercetin, a key component, has demonstrated neuroprotective effects in PD models by promoting
autophagy, reducing cell death, and improving neuronal survivall'’l. The combination of quercetin and
piperine has shown strong neuroprotective effects against MPTP-induced motor disorders, oxidative
stress, and neuroinflammation.Kuding tea's antioxidant properties are significant, with its n-butanol
extract protecting cells from hydrogen peroxide-induced toxicity by enhancing antioxidant enzyme
activity and reducing oxidative damage!®!!. The aqueous extract mitigates oxidative damage in vascular
endothelial cells and prevents oxidative aging in mice.Kuding tea also demonstrates immunomodulatory
effects, increasing antibody production, enhancing phagocytic capacity, and boosting natural killer cell
activity!??], It can promote the secretion of interleukin-2 and interferon, improving immune function.In
neuroprotection, quercetin reduces dopaminergic neuron loss, decreases lipid peroxidation, and increases
antioxidant levels in PD models!?> 24, It also regulates ion transport mechanisms and upregulates anti-
apoptotic genes to slow neurodegenerative changes!/>].

In summary, Kuding tea and its components show multifaceted potential in PD treatment through
antioxidant, anti-inflammatory, immunomodulatory, and neuroprotective effects. Future research should
explore Kuding tea's application in PD treatment to provide a scientific basis for developing novel
therapeutic agents.
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