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Abstract: Background: Panax notoginseng, a Chinese herbal medicine, has been widely used to
treat vascular diseases. Diabetic retinopathy (DR) is one of the complications of diabetic
microangiopathy. According to recent studies, the application of Panax notoginseng extract and
related Chinese patent medicine preparations can significantly improve DR. However, the
pharmacological mechanisms remain unclear. Therefore, the purpose of this study was to decipher
the potential mechanism of Panax notoginseng treatment of DR using network pharmacology.

Methods: We evaluated and screened the active compounds of Panax notoginseng using the
Traditional Chinese Medicine Systems Pharmacology database and collected potential targets of
the compounds by target fishing. A multi-source database was also used to organize targets of DR.
The potential targets as the treatment of DR with Panax notoginseng were then obtained by
matching the compound targets with the DR targets. Using protein-protein interaction networks
and topological analysis, interactions between potential targets were identified. In addition, we also
performed gene ontology-biological process and pathway enrichment analysis for the potential

DpoI- targets by using the Biological Information Annotation Database.
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Results: Eight active ingredients of Panax notoginseng and 31 potential targets for the treatment of
DR were identified. The screening and enrichment analysis revealed that the treatment of DR using
Panax notoginseng primarily involved 28 biological processes and 10 related pathways. Further
analyses indicated that angiogenesis, inflammatory reactions, and apoptosis may be the main
processes involved in the treatment of DR with Panax notoginseng. In addition, we determined that
the mechanism of intervention of Panax notoginseng in treating DR may involve five core targets,
VEGFA, MMP-9, MMP-2, FGF2, and COX-2.

Conclusion: Panax notoginseng may treat diabetic retinopathy through the mechanism of network
pharmacological analysis. The underlying molecular mechanisms were closely related to the
intervention of angiogenesis, inflammation, and apoptosis with VEGFA, MMP-9, MMP-2, FGF2,
and COX-2 being possible targets.

Keywords: Panax notoginseng, molecular mechanism, network pharmacology, diabetic retinopathy, treatment, vascular disease.

1. INTRODUCTION of new retina vessels following tissue hyperglycemia and
hypoxemia [1]. As the disease progresses, the retinal
neovasculature ruptures, resulting in blood accumulation in

the vitreous with further visual impairment or even

Diabetic retinopathy (DR) is a serious complication of
diabetes and is primarily caused by increased permeability of

retinal vessels (diabetic macular edema) or the proliferation
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blindness, which seriously effects a patient's life and leads to
a huge economic burden [2, 3]. An estimated 93 million
people worldwide are affected by DR [4], being the leading
cause of blindness in adults in developed countries [5, 6].
Almost all patients with type 1 diabetes and disease duration
more than 20 years develop DR, while 60% of patients with
type 2 diabetes develop this disease [7, 8]. Although a
variety of pharmaceutical preparations have been developed
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Fig. (1). The whole framework based on an integration strategy of network pharmacology. Abbreviations; DR, diabetic retinopathy; PPI,

protein-protein interactions.

based on the pathogenesis of DR, their adverse side effects
and relatively poor efficacy have contributed to make DR a
challenge for the medical community.

For thousands of years, traditional Chinese medicine has
been the main approach used by Chinese people to prevent
and treat diseases. Different from modern medicine,
traditional Chinese medicine includes a unique philosophical
system with characteristics of reducing side effects and
improving symptoms when treating diseases and has been
widely studied by scholars. Traditional Chinese medicine has
a long history of treating diabetes and its complications.
With the advancement of pharmacological research, the
study of individual herbs has achieved good results in the
treatment of diabetes and its complications. Experimental
studies have shown that Panax notoginseng may exert its
protective effect on retinal capillary endothelial cells and
nerves by regulating the cell redox state, activating
mitochondrial autophagy, and inhibiting endoplasmic
reticulum stress [9-12]. However, Chinese herbal medicines
have multiple components and often multi-target

characteristics. Therefore, further exploration of the
regulatory mechanisms of Panax notoginseng may prove
conducive to identifying and developing novel therapeutic
methods for improving the treatment of DR.

Network pharmacology is a new discipline that involves
network association analysis of "drug-target-disease." It
provides a systematic and convenient method of analyzing
drugs for their complex mechanisms of action and potential
intervention of diseases by identifying core targets shared by
the drugs and diseases. Network pharmacology can also be
used to integrate and extract possible pathways for the drug-
based intervention of diseases. Therefore, we chose to use
network pharmacology as a tool to further analyze the
possible targets, biological processes, and pathways involved
in the treatment of DR with Chinese herbal medicine Panax
notoginseng. Our aim was to identify a possible molecular
mechanism of Panax notoginseng or prescriptions containing
Panax notoginseng for the treatment of DR and potentially
provide new possibilities and directions for treating DR. The
technical roadmap we used is shown in Fig. (1).
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2. METHODS

2.1. Database Building of Chemical Ingredients Panax
Notoginseng

We used the Traditional Chinese Medicine System
Pharmacology (TCMSP) database (http://Isp.nwu.edu.cn/
temsp.php, update in 2019-8-11) to identify the active
ingredients of Panax notoginseng. The TCMSP database is a
special platform designed for Chinese herbal medicines and
contains more than 400 Chinese herbal medicines registered
in the Chinese Pharmacopoeia, covering nearly 3,000
components and more than 3,000 targets of Chinese herbal
medicines [13]. By searching "Panax notoginseng" in this
database, we identified 120 active chemicals of Panax
notoginseng.

2.2. Screening of Panax notoginseng Active Ingredients

Traditional Chinese medicines, like other medicines,
work in the human body through the process of absorption,
distribution, metabolism, and excretion (ADME) to the target
tissues or organs. To screen for potent potential compounds,
we evaluated the ADME properties of the 120 identified
active components of Panax notoginseng through their oral
bioavailability (OB) and drug-likeness (DL).

2.3. Evaluation of OB

OB is the percentage of the drug that enters the body's
systemic blood circulation following oral administration and
is one of the most commonly used pharmacokinetic parameters
regarding drug properties. The computer prediction model
OBioavail 1.1 was constructed based on the information
regarding the metabolization of cytochrome P450 3A4 and
transportation of permeability glycoprotein (P-glycoprotein)
and is a powerful system for predicting OB values [14]. In
the current study, we set the OB threshold to 30% and used
OB 2 30% as the screening conditions for analysis of the
active ingredients.

2.4. Evaluation of DL

DL is used to assess the similarity of substances of
interest to the active components of marketed drugs. To
determine the appropriate drug compositions, we applied the
Tanimoto Similarity (TS) coefficient modeling to calculate
the drug similarity index of the active components of Panax
notoginseng. The TS index was calculated as follows:

f(4,B)=— A8

|4 +B-AeB

(1

In equation 1, A was the molecular descriptor index of
the Chinese herbal medicine component to be predicted and
B was the average drug-like index of all components in the
DrugBank database (http://www.drugbank.ca/). We reserved
compounds with DL 2> 0.18. Ultimately, the active
ingredients of Chinese herbal medicine that satisfied the
thresholds set for both OB and DL were included in further
analysis.
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2.5. Target Fishing

A pharmaceutical ingredient may exert its biological
function by combining it with a specific target. Determining
the target of an active ingredient is essential for elucidating
the mechanism of action of the drug. For the active
components above, we found the corresponding small
molecule structure information in the PubChem Cid through
the TCMSP database. The targets were then fished and
collated with a Swiss Target Prediction web server
(http://www.swisstargetprediction.ch/index.php) using a
similar set approach.

2.6. Database Building of Disease Targets

We used multiple databases as sources to collect and
organize related DR targets. The databases we used included
DisGeNET (http://www.disgenet.org/, update 2019-8-12),
DrugBank (https://www.drugbank.ca/, update 2019-8-12),
Online Mendelian Inheritance in Man (OMIM; http://www.
pharmgkb.org/, update 2019-8-12), and Genetic Association
Database (GAD; https://www.drugbank.ca, update 2019-8-
12). We searched the databases using the keyword "diabetic
retinopathy" and then further sorted the DR targets.

2.7. Protein-protein Interaction (PPI) Construction and
Analysis

We matched the predicted targets of the active
ingredients of Panax notoginseng with the collected DR-
related targets and identified overlapping targets as potential
key targets for the treatment of DR with Panax notoginseng.
Next, the above-mentioned overlapping therapeutic targets
were subjected to PPI analysis using the STRING database
(https://string-db.org/, update 2019-8-12). The data were
saved in a Tab Separated Values (TSV) format.

2.8. Network Construction
2.8.1. Network Construction Method

For the process network construction, we primarily used
Cytoscape 3.6.0 (http://www.cytoscape.org/, update 2019-8-12)
to generate all the visual network diagrams. These included the
component-target (C-T) network, Panax notoginseng target-DR
target interaction (T-T) network, target-path (T-P) network,
and PPI network. The networks were screened for the
relevant pathways of the therapeutic targets based on Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment results.

2.8.2. Definition of Network Topological Feature Set

Three parameters were selected to present the topological
features of each node in the network, degree, betweenness
centrality, and closeness centrality. Degree is referred to the
number of edges linked by a node. The greater value of
degree, indicates the stronger interaction with other nodes
[15]. Betweenness centrality referred to the proximity of a
node to other nodes. The stronger the control of a node in
transferring information to other nodes, the greater the value
of betweenness [16]. Closeness centrality was the average
distance that a reaction transfers from one node to another.
Evaluation of the three parameters provided a means to
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Table 1.  List of eight kinds of Panax notoginseng compounds and their OB and DL values
MOL ID Molecule Name OB DL
MOL001494 Mandenol 42.00 0.19
MOL001792 DFV 32.76 0.18
MOL002879 Diop 43.59 0.39
MOLO000358 beta-sitosterol 36.91 0.75
MOL000449 Stigmasterol 43.83 0.76
MOLO005344 ginsenoside rh2 36.32 0.56
MOLO007475 ginsenoside {2 36.43 0.25
MOL000098 quercetin 46.43 0.28
Panax notoginseng DR

Fig. (2). The 31 potential therapeutic targets of Panax notoginseng for treating DR.

determine the importance of each node. The median value of
each parameter in the network analysis reflected the
threshold of the central node.

2.9. Enrichment Analysis

Gene ontology (GO) analysis and KEGG pathway
analysis were performed for the therapeutic targets of Panax
notoginseng using the Biological Information Annotation
Database (DAVID; https://david.nciferf.gov/, update 2019-8-
13) and the results were saved. The saved results were first
screened for biological processes and pathways with
significant differences. These were then sorted according to
the number of treatment targets involved. Finally, Microsoft
Excel 2010 software was used to map the top biological
processes and pathways.

3. RESULTS
3.1. Active Compound Components of Panax notoginseng

After searching the TCMSP database for the active
ingredients of Panax notoginseng, 120 related components
were identified (Table S1). 120 active ingredients were
screened for threshold values of OB > 30% and DL > 0.18
and eight components were identified, as shown in Table 1.
The eight active ingredients included Mandenol
(MOLO001494, OB = 42.00, DL = 0.19), DFV (MOL001792,

OB = 32.76, DL = 0.18), Diop (MOL002879, OB = 43.59,
DL = 0.39), beta-sitosterol (MOL000358, OB =36.91, DL =
0.75), stigmasterol (MOL000449, OB = 43.83, DL = 0.76),
ginsenoside Rh2 (MOL005344, OB = 36.32, DL = 0.56),
ginsenoside F2 (MOL007475, OB = 36.43, DL = 0.25), and
quercetin (MOL000098, OB = 46.43, DL = 0.28). These
eight ingredients were included in subsequent analyses.

3.2. Target Prediction and Analysis

Based on the eight active ingredients of Panax
notoginseng described above, we applied similar methods for
target fishing and ultimately captured 246 related targets. For
DR targets, we used a multi-source database integration
approach that included databases DisGeNET, DrugBank,
OMIM, and DAD. Ultimately, we identified 287 related DR
targets and then matched the targets of the active ingredient of
Panax notoginseng with the DR targets. This resulted in 31
overlapping proteins, which we considered as potential
therapeutic targets of Panax notoginseng for treating DR Fig. (2).

3.3. Network Construction and Analysis

Cytoscape v3.2.1 was used to establish the C-T network
for the active ingredients of Panax notoginseng and the 246
targets (Fig. 3). A total of 253 nodes and 433 edges are
depicted in the figure. In addition, the figure demonstrates
that Panax notoginseng has multiple targets. 246 targets of
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Panax notoginseng and 287 targets of DR were further
analyzed by establishing a T-T network association. Fig. (4)
shows a total of 502 nodes and 287 edges, which
demonstrate the relevance and potential of DR treatment
with Panax notoginseng. This provides good evidence for
the use of Panax notoginseng for treating DR.

Prior to establishing a PPI network, we first analyzed the
interaction of 31 target proteins using the STRING database.
The results were imported into the Cytoscape software for
topological analysis. The results showed that the protein
interactions involved 30 nodes and 105 edges in which CAl
had no correlation with the other proteins and was therefore
not included in the network. We then used degree,
betweenness, and closeness as the three main parameters for
critical target screening. The thresholds for screening were
degree = 7, closeness = 0.49617257, and betweenness =
0.03949096. The 13 center nodes and 54 edges greater than
the median were used as the first screening result.
Subsequently, we conducted a second screening of 13 key
targets. The thresholds for this screening were degree = 8.3,
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closeness 0.78406924, and betweenness 0.02797202.
Finally, five large central nodes greater than the median were
selected as core targets of Panax notoginseng for the
treatment of DR (Fig. 5). These five targets included
prostaglandin-endoperoxide synthase 2 (PTGS2; Degree =
12), vascular endothelial growth factor A (VEGFA; Degree
= 11), matrix metallopeptidase 9 (MMP9; Degree = 11),
fibroblast growth factor 2 (FGF2; Degree = 11), and matrix
metallopeptidase 2 (MMP2; Degree = 10).

3.4. GO Biological Process
Enrichment Analysis

and KEGG Pathway

We imported 31 interaction targets into DAVID v6.8 for
enrichment analysis. Among the targets, the GO biological
process was enriched to 97 GO processes. After screening,
28 biological processes remained. Similarly, KEGG pathway
analysis identified 21 related pathways. By screening for
DR-related pathways, 10 pathways ultimately remained.

2 GABRAS

STN APH1A

1B PIK3R1

PIK3C

Fig. (3). Component-target (C-T) network consisting of 253 nodes and 433 edges. The red, orange and yellow nodes labeled MOL denote the
compounds. The remaining nodes denote the predicted targets. Nodes arranged in descending order of red, orange, yellow and green show a
decrease in the strength of the association between the node and other nodes.
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GOBP Analysis
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Fig. (6). The GOBP enrichment analysis of 31 nodes.
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3.5. GO Biological Process Enrichment Analysis

By sorting the 28 GO processes mentioned above, the
main biological processes were identified (Fig. 6). The three
primary process categories included angiogenesis, inflammatory
response, and apoptosis. The GO processes involved in
angiogenesis included positive regulation of cell proliferation,
positive regulation of angiogenesis, positive regulation of
phosphatidylinositol 3-kinase (PI3K) signaling, positive
regulation of the ERK1 and ERK2 cascades, angiogenesis,
among others. Those involved in the inflammatory response GO
process included positive regulation of (PI3K) signaling,
leukocyte migration, response to lipopolysaccharides, and
others. The GO processes involved in apoptosis included
redox processes, negative regulation of MAP kinase activity,
negative regulation of apoptotic processes, and others. Based
on these findings, we speculate that Panax notoginseng
mechanistically may primarily function in the treatment of DR

by intervening in terms of the above three GO biological
processes.

3.6. KEGG Pathway Enrichment Analysis

The results of KEGG pathway enrichment analysis
suggested that the mechanism of action of Panax
notoginseng in the treatment of DR may be closely related to
multiple signaling pathways, such as the hypoxia-inducible
factor 1 (HIF-1) signaling pathway (hsa04066), VEGF
signaling pathway (hsa04370), arachidonic acid metabolism
(hsa00590), PI3K-Akt signaling pathway (hsa04151), tumor
necrosis factor (TNF) signaling pathway (hsa04668), and
others. Here, we established a target-path network (Fig. 7),
which clearly indicates that Panax notoginseng may achieve
its purpose of treating DR through multiple targets and
pathways.
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phospholipase A2; COX-2, cyclooxygenase; PGE2, prostaglandin E2.

4. DISCUSSION

In the current work, using network pharmacology, we
predicted the possible molecular mechanisms of Panax
notoginseng for treating DR. The results of enrichment
analysis suggested that the potential mechanism of action of
Panax notoginseng may involve biological processes such as
retinal neovascularization, inflammation, and apoptosis and
may act through multiple closely related pathways. Among
the Panax notoginseng targets identified in the current study,
one is a previously known target (VEGF2) and four are
putative targets (MMP-9, MMP-2, FGF2, and COX-2).
These targets were recognized as active factors involved in
the main biological functions of treatment, which implied
that these were involved in the underlying mechanisms of
Panax notoginseng on diabetic retinopathy (Fig. 8).

Retinal neovascularization may be induced under conditions
of persistent hyperglycemia, ischemia, and hypoxia.
Degradation of extracellular matrix (ECM), migration and
proliferation of endothelial cells, and synthesis of new matrix
components are major processes involved in neovas-
cularization [17]. VEGF has been shown to be an important
mediator of neovascularization [18]. VEGFA, a pro-
angiogenic factor, was the first member of the VEGF family

to be discovered and is the most studied member [19]. It is
considered to be one of the key factors mediating the
progression of DR [20] and plays a key role in enhancing
vascular permeability and stimulating angiogenesis [21].
Related studies have found that the binding of VEGFA to the
receptor VEGFR-2 is able to activate the PI3K/Akt signal
transduction pathway and it has been shown that this
pathway may be one of the main signaling pathways of
VEGFA to stimulate angiogenesis [22]. Under normal
conditions, VEGFA in human serum is present at low levels
and serves to maintain normal blood vessel growth and
maintain the physiological stability of vascular density.
However, VEGFA expression is highly detectable in patients
with DR and VEGFA expression levels are significantly
upregulated in patients with proliferative diabetic retinopathy
(PDR) compared to VEGFA levels in the vitreous of patients
with non-proliferative diabetic retinopathy (NPDR) [23].
Therefore, anti-VEGF and anti-VEGFA treatments have
become research hotspots regarding treatment strategies for
anti-angiogenesis. Pegaptanib (Macugen), the first VEGF
inhibitor approved by the US Food and Drug Administration
(FDA), is an anti-VEGF165 aptamer with a molecular weight
of 50,000 and approved for the treatment of neovascular age-
related macular degeneration [24]. Bevacizumab (Avastin), a
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recombinant humanized monoclonal anti-VEGFA antibody, is
the first FDA-approved drug in the United States to inhibit
tumor angiogenesis [25]. Ranibizumab (Lucentis), an antibody
fragment derived from bevacizumab that binds more closely to
VEGFA, is an FDA-approved drug for the treatment of
neovascular age-related macular degeneration (AMD) [26,
27]. In summary, anti-VEGFA treatment has become an
important direction for the treatment of neovascular eye
disease.

Matrix metalloproteinases (MMPs) are important proteases
involved in connective tissue remodeling and ECM degradation
[28] and play important roles in various developmental
processes, such as morphogenesis, angiogenesis, and vascular
remodeling. Among the MMPs, those with gelatinase activity
(MMP9 and MMP2) have shown a clear dual role in the
development of DR. In the NPDR phase, MMP2 and MMP9
promote capillary cell apoptosis by destroying mitochondria
and during the PDR phase, retinal neovascularization is
promoted [29]. Under normal conditions, the expression of
MMPs is relatively low and they are activated under
conditions of tissue damage or remodeling. Studies have
found that the expression of MMP2 and MMP9 is
significantly up-regulated during the development of DR
[30, 31] and they are more prominent in the serum and
vitreous of patients with PDR [32]. Therefore, MMPs have
been an important target for the treatment of DR. However,
as the mechanism by which MMPs treat DR is not clear,
clinical trials using MMPs inhibitors to treat DR have not yet
yielded satisfactory results [33].

FGF2 is a member of the FGF family and can be
produced by a variety of cells in the retina. When FGF2 exerts
a biological effect, a cofactor such as heparan sulfate
proteoglycan (HSPG) is required to promote its binding to the
receptor FGFRs [34]. Studies suggest that FGF2 promotes
extracellular matrix degradation by promoting endothelial cell
proliferation and up-regulating the expression of urokinase
plasminogen activator (uPA) and MMPs, which in turn
promotes retinal neovascularization [35, 36]. Related
literature reports that FGF2 is significantly up-regulated in
the vitreous and serum of patients with PDR [37, 38].
Therefore, FGF2 may play an important role in neovascular
retinopathy, especially during the PDR phase. Down-
regulating FGF2 expression may become one approach for
treating DR.

Inflammatory responses have always been one of the
research hotspots regarding DR pathogenesis. Cyclooxygenase
(COX)-2 is an inducible enzyme that catalyzes the production
of protoxin (PGE) from arachidonic acid, mediates
inflammatory responses, and is a target for non-steroidal anti-
inflammatory drugs (NSAIDs) [39]. In the development of
DR, the inflammatory factor COX-2 induces its downstream
product PGE2 to promote increased retinal capillary
permeability. Under normal circumstances, COX-2 is hardly
expressed or expressed at very low levels in tissues and can
induce rapid high expression of COX-2 under the action of
cytokines, growth factors, and inflammatory mediators.
Animal experiments have shown that COX-2 inhibitors and
NSAIDs can significantly reduce rodent retinal leukocyte
aggregation and vascular permeability [40]. Therefore, the
application of COX-2 inhibitors has been one of the target-
based approaches for the treatment of DR.
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According to reports in the literature, the extract of
Panax notoginseng can prevent apoptosis of retinal pigment
epithelial cells by scavenging hydroxyl and superoxide
radicals, suggesting that Panax notoginseng has the significant
antioxidant capacity [41]. Its active ingredients can up-
regulate neurotrophic factor levels and inhibit neuronal
apoptosis and also demonstrate a certain advantage in the
neuroprotective effects of diabetic rat retina [42]. The anti-
inflammatory ability of Panax notoginseng may be achieved
by down-regulating the expression of the proinflammatory
mediators monocyte chemoattractant protein-1 (MCP-1) and
NF-jB [43]. Other studies have suggested that its active
ingredients can further attenuate NF-kB signaling by
interfering with MAPKs and Akt, thereby alleviating
inflammation [43]. In addition, the down-regulation of VEGF
and MMP-9 expression by the active ingredients of Panax
notoginseng is an effective methods for reducing the
angiogenesis associated with DR in rats [44]. In conclusion,
anti-angiogenesis, inhibition of inflammatory response and
apoptosis may be an effective mechanism for the action of
Panax notoginseng on DR.

CONCLUSION

In this study, the active ingredients of Panax notoginseng
and its potential mechanism for treating DR were explored
using network pharmacology methods. The mechanism of
action of Panax notoginseng may be closely related to three
biological processes, retinal neovascularization, inflammatory
reactions, and apoptosis. We identified five important active
targets in the relevant pathways of these biological processes.
This work provided new clues on Panax notoginseng
pharmacological targets for the treatment of DR.
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