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Abstract: Objective: To explore the active components of ginkgo biloba and the possible targets and pathways for treating
glioma. Methods: The chemical components and corresponding targets of Ginkgo biloba were searched by TCMSP, and the
"component-target" network map was constructed by Cytoscape. The GenCards database, OMIM database and Disgenet
database were used to search for glioma-related genes. Ginkgo biloba targets and glioma gene intersections were extracted
using R software, and Veen maps were drawn to obtain key targets. PPI network construction and GO and KEGG enrichment
analysis were performed by key targets. Results: A total of 27 active ingredients in Ginkgo biloba leaves and 5770 glioma
target genes were collected, and 48 key targets were obtained. PPI analysis showed that the core targets were 1L6, ESR1,
EGFR, PPARG, VEGFA, CYP3A4, AHR, AR, PGR, etc. GO enrichment analysis is mainly concentrated in nuclear receptor
activity, neurotransmitter receptor activity, fatty acid metabolic processes, response to foreign stimuli, etc. KEGG enrichment
pathways are mainly manifested in: cholinergic synapses, resistance to EGFR tyrosine kinase inhibitors, tumor necrosis factor
signaling pathway PI3K-Akt signaling pathway, etc. Conclusion: Ginkgo biloba can treat glioma through multi-target and
multi-pathway, which is in line with the characteristics of holistic treatment of diseases in traditional Chinese medicine.
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anti-inflammatory [5, 6] Lipid reduction [7] and neuroprotective
L. BaCkground effects [8], And Ginkgo biloba extract can reduce blood
viscosity by [9], Improves transmitter release and reduces
oxygen free radicals [10, 11], To achieve the purpose of treating
tumors. In numerous studies, ginkgo has been shown to have
anti-inflammatory [5, 6] Lipid reduction [7] and neuroprotective
effects of hepatocellular carcinoma, Ginkgo biloba extract was
found to inhibit the proliferation of HepG2 and Hep3B cells
through, Delay the proliferation and migration of hepatocellular
carcinoma and slow down the process of hepatocellular
carcinoma [12]. It has been shown that after oral administration
of flavonoid glycosides, a large amount of terpene triglycerides
and ginkgo flavonoids can cross the blood-brain barrier and
enter the central nervous system of rats [13], Achieve the effect
of treatment. Therefore, this paper explores the active
ingredients of Ginkgo biloba, the potential targets and pathways

Glioma is a malignant tumor that originates from glial cells [1],
Currently, the main treatment is a combination of radiation and
chemotherapy with surgical resection [2], However, due to the
special location of glioma and the existence of blood-brain barrier,
the efficiency of glioma treatment is low, and the recurrence and
death rates are extremely high. With the application of molecular
targeted drugs and immunotherapy, people began to explore the
mechanism of molecular therapy in glioma, but there is no better
therapeutic efficacy, so it is especially important to explore
effective treatment methods to prolong the disease-free survival
and overall survival of patients with glioma.

Ginkgo is a species native to China [3], The main bioactive
components are the terpene trilactones (TTL) and the flavonoids
of GBE [4], Numerous studies have shown that ginkgo has
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of Ginkgo biloba for the treatment of glioma through a network
pharmacology approach to provide a scientific basis for future
glioma treatment.

2. Data Sources and Methods

2.1. Screening and Network Construction of Active
Components and Targets of Ginkgo Biloba

The chemical components related to Ginkgo biloba were
queried by the TCMSP (Traditional Chinese Medicine
Systematic Pharmacology Analysis Platform), and based on the
oral utilization (OB) and drug-like properties (Drug-likeness,
DL) [14] To screen the active ingredients of Ginkgo biloba, OB
>30% and DL > 0.18 were generally used as screening criteria,
and the corresponding targets were collected and annotated.

Cytoscape software (version 3.7.0) was used to construct
the "component-target" network diagram. The centrality of
the network nodes was analyzed, and the Degree value was
used as the filtering condition. The higher the Degree value,
the more targets were associated with the component, and the
core components in Ginkgo biloba were identified.

2.2. Collection of Target Genes Associated with Glioma
Disease

Genes related to glioma were searched through GenCards
database, OMIM database, and Disgenet database, and
downloaded and organized.

2.3. Acquisition of Key Targets

Ginkgo biloba action targets and glioma gene intersections
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were extracted using R (version 3.5.3) software, and Veen
plots were drawn to obtain key targets.

2.4. Construction of PPI Network

Key targets were imported into the String database, and the
study species was selected as human.

2.5. GO and KEGG Enrichment Analysis

GO and KEGG enrichment analysis of the targets was
performed using R software. Import key targets into R software
and perform enrichment analysis using cluster Profiler.

2.6. Statistical Processing

Considered statistically significant at P<0.05.

3. Results

3.1. Collection of Chemical Components and Targets in
Ginkgo Biloba and Analysis of
"Component-Target-Network Diagram

A total of 307 active ingredients in Ginkgo biloba were
collected through the TCMSP database, and after screening
with OB > 30% and DL > 0.18, a total of 27 active
ingredients (Table 1) and 228 compound targets were
obtained. 58 targets were collected by analyzing specific
targets and removing duplicate targets. The 27 components
and 58 targets were imported into Cytoscape software for
network construction and visualization, and the images were
saved (Figure 1).

Table 1. The 27 active ingredients in Ginkgo biloba.

Molecule ID Molecule name DL OB (%)
MOLO11578 Bilobalide 0.36 84.42
MOL002680 Flavoxanthin 0.56 60.41
MOLO011586 ginkgolide B 0.73 44.38
MOLO11587 ginkgolide C 0.73 48.33
MOLO11588 ginkgolide J 0.74 44.84
MOLO011589 Ginkgolide M 0.75 49.09
MOLO0115%4 Isogoycyrol 0.83 40.36
MOLO011597 Luteolin-4'-glucoside 0.79 41.97
MOLO011604 Syringetin 0.37 36.82
MOL001490 bis [(2S)-2-ethylhexyl] benzene-1,2-dicarboxylate 0.35 43.59
MOL001494 Mandenol 0.19 42
MOLO001558 sesamin 0.83 56.55
MOL002881 Diosmetin 0.27 31.14
MOL003044 Chryseriol 0.27 35.85
MOL000354 isorhamnetin 0.31 49.6
MOL000358 beta-sitosterol 0.75 36.91
MOL000422 kaempferol 0.24 41.88
MOL000449 Stigmasterol 0.76 43.83
MOL000492 (+)-catechin 0.24 54.83
MOL005573 Genkwanin 0.24 37.13
MOL000006 luteolin 0.25 36.16
MOLO007179 Linolenic acid ethyl ester 0.2 46.1
MOL009278 Laricitrin 0.34 35.38
MOL000096 (-)-catechin 0.24 49.68
MOLO000098 quercetin 0.28 46.43
MOL002883 Ethyl oleate (NF) 0.19 32.4
MOL005043 campest-5-en-3beta-ol 0.71 37.58
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Figure 1. Composition and target map of Ginkgo biloba.

. L Degree (Figure 4). The top 9 core targets were IL6, ESR1,
3.2. Target Collection and Venny Mapping in Glioma EGFR. PPARG. VEGFA. CYP3A4. AHR. AR. PGR.

A total of 8574 glioma-associated target genes were Drug targets Diseass taegats
screened by GenCards database, OMIM database, and
Disgenet database, and a total of 5770 target genes remained
after removing duplicate genes. The venny diagram of ginkgo
biloba and glioma-related target genes was plotted by R
(version 3.5.3) software (Figure 2), and a total of 48 key
targets were derived.

3.3. PPI Network Construction and Selection of Core
Targets

In order to explore the interrelationship of key targets and
probe the core targets of Ginkgo biloba acting on glioma, this
study conducted PPI network analysis of the above screened
key targets by String database (Figure 3) and mapped the
network topological properties of the top ranked targets of

Figure 2. Ginkgo biloba shares target genes with glioma.
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3.4. GO and KEGG Enrichment Analysis

The above screened key targets were imported into R
software and GO enrichment analysis was performed for
Biological Process (BP), Cellular Component (CC) and
Molecular Function (MF), the results of which are shown in
Figure 5, Figure 6. The molecular functions of Ginkgo biloba
for the treatment of glioma are mainly enriched in nuclear
receptor activity, ligand-activated transcription factor activity,
steroid-binding proteins, neurotransmitter receptor activity,

RNA polymerase Il general transcription initiation factor binding

oxidoreductase activity, acting on the CH-CH group of donors, NAD or NADP as acceptor

and G protein-coupled amine receptor activity. Cellular
components are enriched to the postsynaptic membrane,
synaptic membrane, vesicle, components of the postsynaptic
membrane, intrinsic components of the postsynaptic
membrane, etc. Biological processes enriched to fatty acid
metabolic processes, steroid hormone responses, nutrient
level responses, cellular responses to foreign stimuli,
responses to foreign stimuli, etc.
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Figure 5. Bubble diagram of GO enrichment analysis.

Importing key targets into the R software, the KEGG
enrichment pathway results (Figure 6) showed mainly: fluid
shear stress and interaction in atherosclerosis, lipids and
atherosclerosis, stimulation of neural tissue, prostate cancer,
AGE-RAGE signaling pathway in diabetic complications,
estrogen signaling pathway, breast cancer, hepatocellular

carcinoma, resistance to endocrine, cholinergic synapses,
drug metabolism-cytosolic Chromogranin P450, metabolism
of exogenous drugs by cytochrome P450, resistance to EGFR
tyrosine kinase inhibitors, tumor necrosis factor signaling
pathway, calcium signaling pathway, PI3K-Akt signaling
pathway.
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Figure 6. Histogram of GO enrichment analysis.
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Figure 7. Bubble diagram of KEGG enrichment analysis.

4. Discussion

In the PPI network analysis, we found that the core targets
are EGFR, VEGFA, etc. The resistance pathway of EGFR
tyrosine kinase inhibitors was also found in the KEGG
enrichment pathway. epidermal growth factor receptor
(EGFR) is a membrane receptor with tyrosine protein kinase
activity, and the EGFR-related signaling pathway is involved
in the regulation of various biological functions [15, 16], and
is involved in the development of a variety of tumors,
showing overexpression in tumor cells [17], And EGFR
overexpression is also found in gliomas [18, 19]. Excessive
activation of EGFR signaling pathway can promote
proliferation of glioma cells [20], Invasion, recurrence [21,
22], Transfers [23]. High EGFR expression over activates
phosphatidylinositol-3-kinase-protein kinase B (PI3K-AKT)
[24], The over-activation of EGFR can also induce the
overexpression of CDK4 and CDK6, which can promote the
over-proliferation of glioma cells [25]. Jiao Baohua et al. also
concluded in their experiments that VEGF expression in
tumors of rats treated with Ginkgo biloba was lower than in
the control group [26]. In 2009, the FDA recommended
bevacizumab for patients with recurrent GBM with VEGFR
gene mutations [27]. Therefore, inhibition of the biological
activity of EGFR can have a therapeutic effect on glioma
[28]. Regarding whether Ginkgo biloba controls tumor cell
growth through anti-angiogenesis, these need to be sexually
verified in subsequent cellular and clinical experiments.

IL-6 is the most central inflammatory factor in

inflammation and tumor [29], There is now a proven
association with tumors [30], High IL-6 expression has a
poor prognosis [31]. Increased IL-6 levels lead to conversion
of normal cells to tumor cells [32], IL-6 is classified as a
tumor-promoting factor [33], Ginkgo inhibits NO release,
thereby reducing the expression of the inflammatory factor
IL-6 mRNA and the cellular chemokine RAN TES mRNA
[34], IL-6 binds to IL-6R and then binds 2 molecules of
gp130, which activates the phosphatidylinositol 3-kinase
(PI3K) pathway [35], Zhang Shen [36] et al. verified by PCR
and western that Ginkgo biloba extract could regulate NO
production in glioma cells through NF-«xB signaling pathway,
thus inhibiting the growth of tumor cells. We also verified the
presence of IL-6 targets and PI3K pathway in PPI network
analysis and KEGG enrichment analysis. Chinese medicine
believes that chronic inflammation over time leads to the
accumulation of phlegm and blood stasis, and then the six
evil spirits take advantage of the opportunity to enter and
form tumors [37].

The molecular function of Ginkgo biloba for the treatment
of glioma is mainly enriched in the activity of
neurotransmitter receptors. Cellular components are enriched
to the postsynaptic membrane, synaptic membrane, vesicle,
components of the postsynaptic membrane, and intrinsic
components of the postsynaptic membrane, etc. Some studies
have confirmed that ginkgolide B reduces ATPase activity
[38]. This affects the level of cellular metabolism, thus
providing new ideas for the treatment of glioma with Ginkgo
biloba. In addition, a large number of experiments have
shown that Ginkgo biloba extract can effectively inhibit the
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proliferation and invasion of glioma cells and promote
apoptosis [39-42].

5. Conclusion

Based on the network pharmacology, this paper
investigates the active ingredients of Ginkgo biloba and their
possible targets and pathways acting on glioma. 27 active
ingredients of Ginkgo biloba were derived from the
compositional analysis, and the top 9 core targets were IL6,
ESR1, EGFR, PPARG, VEGFA, CYP3A4, AHR, AR, PGR
after PPI network construction, and the possible targets and
corresponding pathways were inferred by GO and KEGG
analysis was used to speculate the possible targets and
corresponding pathways, which led to the conclusion that
Ginkgo biloba achieves therapeutic effects on glioma through
multiple targets and pathways, which is in line with the
characteristics of holistic treatment of diseases in Chinese
medicine. However, more cellular experiments and clinical
trials are needed for validation.
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