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[Abstract]  Objective  To identify the key targets of  ginkgo leaf  

extract against diabetic retinopathy (DR), and to identify the 

underlying pharmacological mechanism using network 

pharmacology.   

Methods  Potential targets of  active components in ginkgo leaves 

were searched from the Traditional Chinese Medicine Systems 

Pharmacology Database and Analysis Platform and 

SwissTargetPrediction database. Therapeutic targets highly related 

to DR were retrieved from the GeneCards and DisGENET 
databases. Their intersection targets were subjected to Gene 

Ontology (GO) and Kyoto Encyclopedia of  Genes and Genomes 

(KEGG) enrichment analyses to construct the active component-

target network. Based on the degree of  network nodes, key active 

components and targets were used for molecular docking 

verification.  

Results  A total of  27 active components and 34 potential 

therapeutic targets of  ginkgo leaf  extract in the treatment of  DR 

were screened. GO enrichment analysis indicated that these 

therapeutic targets were mainly enriched in the processes of  

inflammation, oxidative stress, angiogenesis, and hypoxic damage. 

KEGG pathway enrichment analysis revealed that they were mainly 

enriched in the advanced glycation end product-receptors for 

advanced glycation end products, mitogen active protein kinase, 

phosphatidylinositol-3-kinase-protein kinase B, hypoxia inducible 

factor-1, tumor necrosis factor (TNF), and interleukin (IL)-17 
signaling pathways. According to degree values calculated from the 

active component-target network, the top four key active 

components with higher degrees were quercetin, kaempferol, 

luteolin, and isorhamnetin, and the top eight key targets were 

serine/threonine protein kinase 1, vascular endothelial growth 

factor A, IL-6, TNF, nitric oxide synthase 3, peroxisome 

proliferator activated receptor-γ, IL-10, and matrix 

metalloproteinase-9. The binding activities between key active 

components and targets were good.  

Conclusions  A variety of  active compounds contained in ginkgo 

leaf  extract targeted therapeutic targets related to DR, and regulated 

multiple signal pathways, thereby exerting a therapeutic effect on 

DR.  

[Key words]  Network pharmacology; Molecular docking 

simulation; Ginkgo leaves; Diabetic retinopathy 

Fund program: National Natural Science Foundation of  China 
(82070983) 

DOI: 10.3760/cma.j.cn115989-20210105-00010 

Diabetic retinopathy (DR) is a microvascular complication of  

diabetes. It can cause blindness in people over 50 years of  age 1. 

Simply controlling blood glucose is not an effective way to delay the 

occurrence and development of  DR. At present, therapeutic 

methods, mostly used in the treatment of  advanced DR, such as 

laser photocoagulation, intravitreal injection of  vascular endothelial 

growth factor (VEGF) drugs, and vitrectomy, have been proven to 

effectively inhibit the progression of  DR, but have also been shown 
to damage some tissues 2-3. Due to natural and safe characteristics, 

traditional Chinese herbal medicines used in DR prevention and 

control have attracted more attention 4. Ginkgo leaves have been 

used clinically for thousands of  years; Ginkgo biloba preparations 

have been used in more than 130 countries. Because of  its extensive 

use, well-known experts from Integrated Traditional Chinese and 

Western Medicine, and the Chinese Medical Doctor Association, 

have prepared the Chinese Expert Consensus on Clinical Application of  

Oral Ginkgo Biloba Preparations as a guideline for the clinical use of  

ginkgo leaves. The Ginkgo biloba preparation is recommended for 

patients with early DR 5. According to numerous basic and clinical 

studies, ginkgo leaf  extracts can safely and effectively minimize 

retinal microvascular and nerve damage, and it can be used as an 

alternative therapy for the prevention and treatment of  DR 6-9. 

Ginkgo leaves contain many pharmacological components, such as 

flavonoids (quercetin, kaempferol, luteolin, and isorhamnetin, etc.) 
and terpenoids (ginkgolide, etc.) 10-11. These components may play a 

positive role in improving blood microcirculation, regulating lipid 

metabolism, preventing blood clot formation, resisting oxidative 

stress, and reducing inflammation 12-14. However, the specific 

mechanism of  its treatment of  DR has not been fully clarified. 

Therefore, it is necessary to further identify the active components 

in ginkgo leaves to identify the pathways and mechanisms by which 

these components successfully treat DR. In addition, the network 

pharmacology method, used in the field of  ophthalmology, can be 

used to study the underlying mechanism of  drug action in vivo, and 

reveal the regulatory principles of  small molecule drugs 15-17. This 

study therefore aimed to identify the underlying mechanism of  

Ginkgo leaf  extract in the treatment of  DR by using a network 

pharmacological approach, to provide new ideas for the treatment 

of  DR. 

1 Materials and Methods 

1.1 Screening of  active components and targets of  ginkgo leaf  
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extracts from databases 

The active components of  ginkgo leaves with the threshold of  oral 

bioavailability ≥ 30% and drug-likeness ≥ 0.18 were searched using 

the Traditional Chinese Medicine Systems Pharmacology Database 

and Analysis Platform (TCMSP) (https://old.tcmsp-

e.com/tcmsp.php). The TCMSP and SwissTargetPrediction 

database (http://www.swisstargetprediction.ch/) were also searched 

for known targets and predicted targets of  active components in 

ginkgo leaves, by setting the threshold probability > 0.3. 

1.2 Screening DR-related targets from databases, and 

identification of  potential therapeutic targets 

The targets related to the treatment of  DR were identified using the 

GeneCards (https://www.genecards.org/) and DisGENET 

(https://www.disgenet.org/home/) databases by retrieving the 
term: diabetic retinopathy. Targets highly related to DR were 

screened with relevance score > 5 and gene-disease association 

score > 0.1 as thresholds. By intersecting these two targets, 

potential therapeutic targets against DR were identified. 

1.3 Construction of  the ginkgo lead extract active 

components-target network, and analysis of  key nodes  

The target protein was imported into the STRING (https://string-

db.org/) database after the target name was normalized in the 

Uniprot (https://www.uniprot.org/) database. The interactions of  

target proteins with high confidence > 0.7 were imported into 

Cytoscape 3.8.2 software to construct an active components-
potential therapeutic target network of  ginkgo leaf  extracts. The 

key active components and key targets with high importance 

according to degree value parameters were screened using the 

NetworkAnalyzer plug-in in Cytoscape 3.8.2 software. The degree 

value is the number of  interactions between nodes and other nodes, 

which represents the importance of  nodes. 

1.4 Functional enrichment analysis and pathway analysis for 

biological functions and the signaling pathways of  targets 

The potential therapeutic targets of  ginkgo leaf  extract against DR 

were subjected to functional enrichment analysis, pathway analysis, 

and visualization using R software (R-3.6.3; The R Foundation for 

Statistical Computing, Vienna, Austria). In this process, the 

org.hs.eg., the db package was used to convert the above target 

names into entrez identifications, and the clusterProfiler package 

was used to perform Gene Ontology (GO) for identifying 

biological functions (with P-value < 0.05 and Q-value < 0.05 as 

thresholds), as well as the Kyoto Encyclopedia of  Genes and 

Genomes (KEGG) signal pathway enrichment analysis to identify 

potential therapeutic targets. Finally, the enrichplot package was 

used to visualize the top 10 GO entries and the top 20 signal 

pathways in three modules of  biological process, cell composition, 

and molecular function, where they were sorted by the count value 

of  the number of  enriched genes. 

1.5 Molecular docking verification of  the binding effect of  key 

active components and key targets of  ginkgo leaf  extracts 

Mol2 files for key active components were downloaded from the 

Pubchem (https://pubchem.ncbi.nlm.nih.gov/) database, which 

were then converted into three-dimensional (3D) structure files in 

PDF using Chem3D software. For key target proteins, the 3D 

structure files in PDP format were directly downloaded from the 

Protein Database (http://www.rcsb.org/pdb). Autodock 4.2 

software was then used to set Gridbox parameter ranges based on 

protein active sites, and Autodock Vina 1.1.2 software was used for 

molecular docking. PyMOL was used to show the docking diagram 

of  the target protein and the active component. Based on the 

principle of  lowest binding free energy, the key active components 

that showed the best docking with each key target protein were 

determined. This lower binding free energy led to more stable 

binding between the target protein and the active component, 

resulting in a higher possibility of  interaction between the two 

components. The design flow chart of  this study is shown in Figure 

1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Research design flowchart of  the effect of  ginkgo leaf  
extract on DR   DR: diabetic retinopathy; GO: Gene Ontology; KEGG: 
Kyoto Encyclopedia of  Genes and Genomes 

2 Results 

2.1 Active components in ginkgo leaf  extracts 

A total of  307 Ginkgo leaf  compounds were retrieved from the 

TCMSP database. By setting the screening conditions of  oral 

bioavailability ≥ 30% and drug-likeness ≥ 0.18, Ginkgolide A, a 

component in ginkgo leaf  extract with high content and 

pharmacological activity, was obtained from the supplementary 

literature 18, and a total of  27 active components in ginkgo leaf  

extract were obtained. Basic information of  active components in 

ginkgo leaf  extract is shown in Table 1. 
 

 

Ginkgo leaf 

Screening of active 

ingredient from TCMSP

Obtain known and prediction 

targets from TCMSP and Swiss 

Target Prediction Database

DR 

Screening of highly associated 

genes from GeneCards and 

DisGENET Database 

Potential targets of Ginkgo leaf 

for DR (Gene intersections) 

Construction the network 
of active ingredients-
targets  

GO and KEGG 
enrichment and 
pathway analysis 

Docking determine 



Chin J Exp Ophthalmol, September 2022, Vol.40, No. 9                                   

Table 1 Basic information of  active components in ginkgo leaves extracts 

Serial number English term Chinese term Oral bioavailability (%) Drug-likeness

1 Bilobalide 白果内酯 84.42 0.36 

2 Flavoxanthin 毛莨黄素 60.41 0.56 

3 Ginkgolide b 银杏内酯 B 44.38 0.73 

4 Ginkgolide c 银杏内酯 C 48.33 0.73 

5 Ginkgolide j 银杏内酯 J 44.84 0.74 

6 Ginkgolide m 银杏内酯 M 49.09 0.75 

7 Luteolin-4′-glucoside 木犀草素 41.97 0.79 

8 Syringetin 丁香黄素 36.82 0.37 

9 
Bis[(2s)-2-ethylhexyl] benzene-1,2-

dicarboxylate 
双[(2S)-2-乙基己基]苯-1,2-二羧酸酯 43.59 0.35 

10 Mandenol 亚油酸乙酯 42.00 0.19 

11 Sesamin 芝麻素 56.55 0.83 

12 Diosmetin 香叶木素 31.14 0.27 

13 Chryseriol 金圣草黄素 35.85 0.27 

14 Isorhamnetin 异鼠李素 49.60 0.31 

15 Beta-sitosterol β-谷甾醇 36.91 0.75 

16 Kaempferol 山柰酚 41.88 0.24 

17 Stigmasterol 豆甾醇 43.83 0.76 

18 (+)-catechin (+)-儿茶素 54.83 0.24 

19 Genkwanin 莞花素 37.13 0.24 

20 Luteolin 木犀草素 36.16 0.25 

21 Linolenic acid ethyl ester 亚麻酸乙酯 46.10 0.20 

22 Laricitrin 落叶黄素 35.38 0.34 

23 (-)-catechin (-)-儿茶素 49.68 0.24 

24 Quercetin 槲皮素 46.43 0.28 

25 Ethyl oleate 油酸乙酯 32.40 0.19 

26 Campesterol 菜油甾醇 37.58 0.71 

27 Ginkgolide a18 银杏内酯 A18 13.82 0.74 

 

2.2 Potential therapeutic targets of  ginkgo leaf  extracts 

against DR 

A total of  312 effective targets of  13 active components were 
obtained after combining the 118 targets obtained from the Swiss 

target prediction database and 224 targets from the TCMSP 

database. Another 196 highly related targets were identified from  

 

1,553 DR-related therapeutic targets retrieved from the GeneCards 

and DisGENET databases. By intersecting the 312 targets of  active 
components in ginkgo leaf  extracts and the 196 DR-related 

therapeutic targets, a total of  34 potential therapeutic targets of  

ginkgo leaf  extract against DR were identified (Figure 2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Venn diagram of  potential targets of  ginkgo leaf  extracts for the treatment of  DR  DR: diabetic retinopathy 
  

Ginkgo leaf
DR 
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2.3 Functional enrichment analysis and pathway analysis 

2.3.1 Biological functions of  potential therapeutic targets of  

ginkgo leaves against DR   

The targets were mainly involved in the processes of  chemical 

stress, oxidative stress, reactive oxygen species metabolism, and 

protein kinase B signaling. Among the cell components, the targets 

were mainly found in the secretory granule lumen, the cytosolic 

vesicle lumen, the membrane region, and the lipid raft pathways. 

Regarding molecular functions, the targets were mainly involved in 

the processes of  receptor ligand activity, signaling receptor activator 

activity, cytokine receptor binding, cytokine activity, and growth 

factor activity (Figure 3A). 

2.3.2 Biological signaling pathways of  potential targets of  

ginkgo leaf  extracts for the treatment of  DR   

The targets were enriched in various signaling pathways, including 

the advanced glycation end product-receptor for advanced glycation 

end product (AGE-RAGE) signaling pathway, hemodynamics-

related flow shear stress and atherosclerotic pathway, proliferation 

and regulation of  angiogenesis related mitogen active protein kinase 

(MAPK) signaling pathway, phosphatidylinositol-3-kinase-protein 

kinase B (PI3K-Akt) signaling pathway, hypoxia stress-related 

hypoxia inducible factor-1 (HIF-1) signaling pathway, immunity and 

inflammation-related tumor necrosis factor (TNF) signaling 

pathway, and interleukin, IL)-17 signaling pathway (Figure 3B). 
 

Figure 3  GO and KEGG enrichment analysis for potential targets of  ginkgo leaves in the treatment of  DR  A:GO enrichment analysis    B: KEGG 
enrichment analysis    AGE-RAGE: advanced glycation end product-receptor for advanced glycation end product; MAPK: mitogen active protein kinase; PI3K-Akt: 
phosphatidylinositol-3-kinase-protein kinase B; HIF: hypoxia inducible factor; TNF: tumor necrosis factor; IL: interleukin; EGFR: epidermal growth factor receptor   
 

2.4 The active components-potential therapeutic targets 

network of  ginkgo leaf  extract and its key nodes 

The top four key active components with higher degrees in the 

network were quercetin, kaempferol, luteolin, and isorhamnetin, and 

the top eight key targets were serine/threonine protein kinase 1, 

vascular endothelial growth factor A, IL-6, TNF, nitric oxide 

synthase 3, peroxisome proliferator activated receptor-γ, IL-10, and 

matrix metalloproteinase-9 (Figure 4). 

 
Figure 4  Construction of  the active components-potential therapeutic targets 
network   Node size was related to the degree value, the greater the degree value, the 
larger the node. Red nodes represent active components in ginkgo leaf  extracts, and 
purple nodes represent protein targets 
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2.5 Validation of  binding effects between key active 

components and key targets in ginkgo leaf  extracts 

The docking results of  key active components with key targets 

showed that the binding free energies were all less than or equal to -

5.0 kcal/mol, indicating that the key active components had good 

binding with key targets (Table 2). Specifically, quercetin was 

connected with hydrogen bonds of  Ser205, Thr211, Ile290, and 

Lys268 of  AKT1 (Figure 5A), Leu66 of  VEGFA (Figure 5B), and  

 

Tyr123, Ser107, Gln110, and Glu124 of  TNF (Figure 5C). 

Kaempferol was docked by hydrogen bounding via Met358 of  

NOS3 (Figure 5D). Luteolin was hydrogen-bonded to Arg16, Leu19, 

and Arg24 and Gln28 of  IL-6 (Figure 5E), Glu142 of  IL-10 (Figure 

5F), and Met247, Ala189, and Gln227 of  MMP-9 (Figure 5G). 

Isorhamnetin was hydrogen-bonded to Gln273 and Thr268 of  

PARRG (Figure 5H). 

Table 2 Molecular docking between key active components and key targets 

Key Target Key Compound Free Bonding Energy (kcal/mol) Key Target Key compound Free Bonding Energy (kcal/mol)

AKT1 Quercetin -9.8 NOS3 Quercetin -8.1 
 Kaempferol -9.5  Kaempferol -9.7 
 Luteolin -9.7  Luteolin -8.8 
 Isorhamnetin -9.6  Isorhamnetin -8.3 
VEGFA Quercetin -7.4 PPARG Quercetin -9.4 
 Kaempferol -7.1  Kaempferol -8.2 
 Luteolin -7.2  Luteolin -8.8 
 Isorhamnetin -7.1  Isorhamnetin -9.6 
IL-6 Quercetin -6.7 IL-10 Quercetin -6.7 
 Kaempferol -6.6  Kaempferol -6.6 
 Luteolin -6.9  Luteolin -6.9 

 Isorhamnetin -6.8  Isorhamnetin -6.8 

TNF Quercetin -8.5 MMP-9 Quercetin -10.7 
 Kaempferol -7.8  Kaempferol -10.2 
 Luteolin -8.2  Luteolin -10.8 
 Isorhamnetin -8.4  Isorhamnetin -10.1 

Notes: AKT1: serine/threonine protein kinase 1; VEGF-A: vascular endothelial growth factor A; IL: interleukin; TNF: tumor necrosis factor; NOS: nitric oxide 
synthase; PPARG: peroxisome proliferator activated receptor; MMP: matrix metalloproteinase 
 

 
Figure 5  Schematic diagram of  molecular docking between key active components and key targets.   A-C: Molecular docking of  quercetin with AKT1, 
VEGFA, and TNF. D: Molecular docking of  kaempferol with NOS3. E-G: Molecular docking of  luteolin with IL6, IL10, and MMP-9.  H: Molecular docking of  
isorhamnetin with PARRG.. Green structures represent protein targets;  Red structures represent amino acid residues of  protein targets; Blue structures represent 
active components of  leaf  extracts; Yellow dotted line  represents hydrogen bonds and their bond lengths (Å) 

3 Discussion 

In this study, a total of  27 active compounds of  ginkgo leaf  extract 

and 34 potential therapeutic targets against DR were identified. 

According to the degree values of  the interaction network nodes 

between the active components of  ginkgo leaf  extract and their 

potential therapeutic targets, four key active components were  

 

identified, including quercetin, kaempferol, luteolin, and 

isorhamnetin, and eight key therapeutic targets of  AKT1, VEGF-A, 
IL-6, TNF, NOS3, PPARG, IL-10, and MMP-9. Previous studies 

have indicated that these key active components are essential for the 

treatment of  DR. For example, quercetin reduced the production of  
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TNF and IL-6 induced by high glucose, and the expression of  

MMP-9 and VEGF in rats with DR 19-20. Luteolin and quercetin 

inhibit the VEGF-induced neovascularization, both in vitro and in vivo 

21–23. Kaempferol inhibits the angiogenesis of  human retinal 

endothelial cells in a high glucose environment through the targeted 

inhibition of  VEGF 24-25. Additionally, the results of  molecular 

docking between key active components and key targets also verified 

the binding activity between them. 

In this study, 34 potential targets of  Ginkgo leaves for the 

treatment of  DR were subjected to GO and KEGG enrichment 

analyses. The results showed that active components in ginkgo 

leaves extracts regulated AGE-RAGE, MAPK, PI3K-Akt, HIF-1, 

TNF, and IL-17 signal pathways in lipid rafts, secretory granule 

cavities, cytoplasmic vesicle cavities, and other cell components. This 

meant that it could delay DR progress by reducing inflammation, 

antioxidant stress, hypoxia induced injury, and by inhibiting 

angiogenesis. These signaling pathways may be potential therapeutic 

targets against DR. Among others, an abnormal AGE-RAGE 

signaling pathway may cause macrovascular and microvascular 
complications in diabetes mellitus 26. Binding of  AGE to RAGE 

induces a strong signaling cascade and abnormal activation of  

downstream signaling pathways such as MAPK and PI3K-AKT. 

This causes retinal microvascular dysfunctions, such as endothelial 

dysfunction, pericyte apoptosis, neovascularization, and vascular 

inflammation 27–29. According to previous studies, hypoxia can 

induce the progression of  DR by promoting neovascularization and 

vascular dystrophy 30-31. In DR, the hypoxia-related HIF-1 signaling 

pathway regulates retinal neovascularization by affecting VEGF 

expression, participates in inflammation by regulating the expression 

of  pro-inflammatory factors IL-6 and TNF-α 32-33, and ameliorates 

retinal microvascular and neuronal damage by inhibiting 

inflammation mediated by the TNF and IL-17 signaling pathways 33-

34. These results suggested that ginkgo leaf  extract played a role in 

the treatment of  DR by acting on multicellular types, regulating 

multiple signaling pathways, and producing different biological 
functions. 

In conclusion, the active components, key targets, and underlying 

mechanism of  ginkgo leaf  extract in the treatment of  DR were 

analyzed by network pharmacology, and the binding activity between 

compounds and the targets were verified by molecular docking. 

Together, this study provided the basis for further understanding of  

the pharmacological mechanism of  ginkgo leaves extract in the 

treatment of  DR. However, the results need to be further verified by 

experimental studies. 
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