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Objective: To systematically explore the pharmacological mechanism of Radix Paeoniae 
Rubra (RPR) against lung cancer (LC).
Methods: A network pharmacology approach, which involves active ingredients and target 
forecast, network construction, gene ontology and pathway enrichment, was employed in this 
research. In addition, the effect of Baicalein (BAI) in RPR on A549 cells was researched in vitro and 
in vivo.
Results: A total of 159 targets of the 29 active components in RPR were procured by 
pharmacokinetic parameters. The network analysis showed that β-sitosterol, baicalein, 
(+)-catechin, ellagic acid, stigmasterol, (2R, 3R)-4-methoxyl-distylin were the main 
ingredients and JUN, VEGFA, BCL2 were the hub targets of RPR in the treatment of 
LC. The functional enrichment analysis showed that RPR likely was useful to LC by 
regulating numerous pathways including Pathways in cancer, MAPK signaling pathway 
and so on. MTT results showed that 100μM, 200μM, 400μM of BAI had a time and 
dose-dependent inhibitory effect on A549 cells proliferation; Wound healing and trans-
well assays showed that 100μM, 200μM, 400μM of BAI could significantly restrain the 
migration and invasion of A549 cells; Flow cytometry assay results showed that 100μM, 
200μM, 400μM of BAI could induce apoptosis of A549 cells. In vivo, BAI (50, 100 mg/ 
kg) significantly inhibited tumor growth and promoted apoptosis of tumor cells compared 
with the control group.
Conclusion: BAI in RPR may exert anti-tumor effects by inhibiting the proliferation, 
migration and invasion of LC cells, and inducing the apoptosis of LC cells.
Keywords: network pharmacology, radix paeoniae rubra, lung neoplasms, baicalein

Introduction
Lung cancer (LC) is one of the most prevalent malignancies and the leading 
cause of cancer death. According to the latest global cancer statistics, there 
were approximately 18.1 million new cancer cases in 2018, of which 11.6% 
were LC.1 Effective therapies including surgery, radiotherapy, chemotherapy, 
targeted therapy, and immunotherapy have improved the prognosis and survi-
val of LC.2,3 However, we still face with the challenge in cancer treatment 
such as multidrug resistance, which is closely related to the recurrence and 
metastasis of LC and mainly response for chemotherapy failure in 
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a considerable number of patients.4,5 Therefore, there 
is a pressing necessity for more less noxious and 
effectual remedy of LC.

The Radix Paeoniae Rubra (RPR) is a Chinese her-
bal medicine extensively used in China. Many studies 
have shown that the main components of RPR are 
paeoniflorin, organic acids, hydroxy-4-acetylanisole, 
volatile oils and carbohydrate.6 It has been proved 
that RPR possesses high application value in liver 
protection,7 anti-inflammatory,8 cardiovascular system 
protection,9 antithrombosis,10 antiangiogenesis.11 

Recent researches have confirmed that RPR and its 
active ingredients have anti-tumor effects,12,13 while 

the molecular mechanisms of RPR against LC remain 
unclear. Hence, it is expected that this research will 
provide RPR with a theoretical foundation in the 
remedy of LC.

Network pharmacology studies the effects of drugs 
on diseases systematically from the disease-gene-target 
-drug interconnected perspective.14 Traditional Chinese 
medicine plays a therapeutic role of multiple compo-
nents, multiple targets and multiple pathways. The cur-
rent research used network pharmacology to probe the 
effective components of RPR and study its possible 
pharmacological mechanism for the treatment of LC. 
Flow diagram displayed in Figure 1.

Figure 1 Network pharmacological flowchart of RPR against LC. 
Abbreviations: RPR, Radix Paeoniae Rubra; LC, lung cancer.
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Materials and Methods
Components and Targets of RPR
To collect the compounds and targets of RPR, we used the 
Traditional Chinese Medicine Systems Pharmacology 
Database (http://tcmspw.com/tcmspsearch.php, TCMSP).15 

Active compounds were obtained from TCMSP database 
and screened with oral bioavailability (OB) ≥30%16 and 
drug likeness (DL)≥0.18%.17 Subsequently, the targets of 
the selected active ingredients were obtained from TCMSP.

LC Targets
LC-related targets were gathered from Therapeutic Target 
Database (https://db.idrblab.net/ttd/, TTD),18 DrugBank 
(DrugBank, https://www.drugbank.ca/).19 We extracted 
LC-related targets by searching these platforms with the 
keyword “lung cancer” and checked the extracted targets. 
Subsequently, the LC targets and the targets of RPR were 
further mapped to the UniProt (https://www.uniprot.org/) 
database for formalisation and standardized nomenclature.

Protein–Protein Interaction Data
The Protein–Protein Interaction (PPI) information were iden-
tified by the Search Tool for the Retrieval of Interacting 
Genes database (http://string-db.org/, STRING),20 which 
defines scores as low>0.15, medium>0.4, high>0.7. In pre-
sent research, information with the scores>0.7 were selected 
for further study.

Network Construction and Analysis
The active compounds, targets and disease were inputted 
into Cytoscape software to build a network. Nodes were 
scored and ranked according to network features through 
Cytoscape’s plugin NetworkAnalyzer.21 For each node in 
the interaction network, degree was used to evaluate its 
topological parameter. The degree indicates the number of 
edges connected to the node. The greater the degree of 
a node means the more important the node is in the 
network.22 A disease-component-target gene network and 
protein–protein interaction network were constructed, in 
which high-degree nodes were analyzed as important 
nodes.23

Gene Ontology and Pathway Enrichment
The Database for Annotation, Visualization and Integrated 
Discovery (DAVID, https://david.ncifcrf.gov/), is 
a functional annotation tools which provides high- 
throughput gene functional analysis with comprehensive 

data.24 All the target genes were uploaded the DAVID 
database for Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment and gene ontology (GO) 
annotation. The pathway or gene functions with higher 
count were analyzed and P<0.01 was determined as the 
threshold value.

Cell Experiments
Based on the results of topological analysis, we selected 
some potential compounds of RPR to treat LC for in vitro 
experiments. The effect of RPR active ingredients such as 
baicalein (Herbpurify, Chengdu, China), (+)-catechin 
((Herbpurify, Chengdu, China), paeoniflorin ((Herbpurify, 
Chengdu, China), and ellagic acid ((Herbpurify, Chengdu, 
China) on the proliferation of A549 cells (obtained from 
the American Type Culture Collection, USA) was 
observed by MTT assay. In MTT and scratch experiments, 
A549 cells were inoculated on 96-well plates and 6-well 
plates at a density of 4*103 and 5*105, respectively. In the 
transwell invasion and migration experiments, A549 cells 
were seeded in the upper chambers at a density of 106 and 
5*105, respectively. The cells were stained with 4ʹ,6-dia-
midino-2-phenylindole (DAPI, BOSTER, Wuhan, China). 
Apoptosis was demonstrated and quantified by flow cyto-
metry analysis using FITC Annexin V Apoptosis Detection 
Kit I (BD, America).

Animal Experiments
All animal studies were approved by the Experimental 
Animal Ethics Committee of Beijing Chinese Hospital of 
Traditional Chinese Medicine affiliated with Capital 
Medical University. A total of 18 Male BALB/c nude 
mice (5–6 weeks old, weighing 18–20g) were obtained 
from Beijing Vital River Laboratory Animal Technology 
Co. Ltd. [license No. SCXK (Beijing) 2016-0011]. A total 
of 5*106 A549 cells suspended in 100ul PBS were sub-
cutaneously injected into the right flank of anesthetized 
BALB/c nude mice to establish the subcutaneous xeno-
graft model. When the tumor volume was about 80 mm3, 
these mice were divided randomly into three groups: the 
control group (0.5% CMS-Na, N=6), high dose BAI group 
(dissolved in 0.5% CMC-Na, BAI-H, 100 mg/kg, N=6), 
low dose BAI group (dissolved in 0.5% CMC-Na, BAI-L, 
50 mg/kg, N=6),25,26 and given intragastric administration 
of 0.2 mL 5 days a week. After 2 weeks, the mice were 
anesthetized by 1% pentobarbital sodium and sacrificed by 
decapitation.27 The tumors were removed for H&E stain-
ing (Hematoxylin and Eosin Staining Kit, Beyotime 
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Biotechnology, China), TUNEL staining (TUNEL Assay 
Kit, Genepool, China) according to the manufacturer’s 
instructions.

Statistical Analysis
Statistical analysis was performed by GraphPad Prism 
(version 7, San Diego, CA), and P<0.05 was considered 
statistically significant.

Results
Component and Target of RPR and LC 
Targets
We obtained 29 compounds with better pharmacokinetic 
characteristics as active components of RPR in the 
TCMSP database with OB≥30 and DL≥0.18 as the screen-
ing conditions of major active ingredients, of which 14 
active components have 101 target genes. A total number 
of 194 LC-related target genes were obtained from the 
TTD and DrugBank databases.

Compound-Disease-Target Protein 
Network
The compound-disease-target protein network is depicted 
in Figure 2, including 298 nodes and 353 edges. 
According to the topological analysis, the main active 
constituents of RPR were baicalein, β-sitosterol, stigmas-
terol, ellagic acid, (+)-catechin, (2R, 3R)-4-methoxyl- 
distylin, paeoniflorin, sitosterol, and spinasterol in the 
order of degree. The common targets between RPR and 
LC were BCL2, MMP9, VEGFA, JUN, MMP2, PTGS2, 
OPRM1, MPO, GSTP1, GSTM1, MAP2, PTGS1.

Protein–Protein Interaction Data
The PPI network was made up of the common targets and 
associated human proteins, as shown in Figure 3. The 
results of network analysis showed that the main active 
ingredients of RPR in the treatment of LC were baicalein, 
(+)-catechin, ellagic acid, stigmasterol, β-sitosterol, (2R, 
3R)-4-methoxyl-distylin and the primary targets of RPR in 
the treatment of LC were JUN, VEGFA, BCL2.

Gene Ontology and Pathway Enrichment
As shown in Figure 4, GO analysis results manifested that, 
in the molecular function category (Figure 4A), the com-
mon targets were chiefly enriched in protein binding. In 
the cell component category (Figure 4B), they were clo-
sely related to cytoplasm, nucleus, cytosol, nucleoplasm, 

mitochondrion. The related biological processes mainly 
included positive regulation of apoptotic process, negative 
regulation of apoptotic process and protein autophosphor-
ylation (Figure 4C). KEGG results indicated that these 
targets were mainly enriched in MAPK signaling pathway, 
Pathways in cancer, Focal adhesion, PI3K-Akt signal path-
way and so on (Figure 4D).

Cell Experiments
In vitro, the results of MTT assay showed that (+)- 
catechin (maximum concentration 800 μM) and paeoni-
florin (maximum concentration 800 μM) had no obvious 
anti-tumor effect on A549 cells in 24, 48 and 72 h and the 
inhibition rate of 200 μM ellagic acid on A549 cells was 
only about 35% in 48 h. However, baicalein (BAI) inhib-
ited the proliferation of A549 cells in a time and dose- 
dependent manner, as the IC50 of BAI at 24, 48 and 72 
h were 217.5 μM, 98.43 μM, and 91.05 μM, respectively 
(Figure 5A). Based on the above results, we further con-
ducted in vitro experiments for verifying the effect of 
BAI on the migration, invasion and apoptosis of A549 
cells. Scratch test results showed that 100 μM, 200 μM, 
400 μM of BAI could prevent the migration of A549 cells 
significantly and the percent of wound healing was 
17.55%±0.34%, 11.45%±2.24%, 7.80%±0.27%, respec-
tively (Figure 5B–C). Transwell experiments also showed 
that 100 μM, 200 μM, 400 μM of BAI prevented the 
migration and invasion of A549 cells in comparison 
with the control group. The count of migrated A549 
cells was 577.50±35.11, 365.80±67.82, 309.00±74.35 
VS 984.33±129.11 and the number of invasion was 
420.33±8.51, 82.67±12.22, 18.34±8.02 VS 594.33 
±93.33 (Figure 5D–F). Flow cytometry assay results 
indicated that BAI could induce the apoptosis of A549 
cells in a dose-dependent manner. The apoptotic rate 
(including early and late stage of apoptosis) was 
10.29%±0.27%, 24.77%±1.72%, 49.5%±0.28%, respec-
tively (Figure 6A–E).

Animal Experiments
As shown in Figure 7A–C, the tumors volume and 
weight in BAI treatment (50, 100 mg/kg) group were 
lower than the control group (P<0.05). There was no 
statistical difference in body weight between the BAI 
treatment group and the control group (Figure 7D). 
H&E staining revealed that BAI treatment showed sig-
nificant morphological changes compared to the control 
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group (Figure 7E). These results suggested that BAI 
significantly inhibited tumors growth. In addition, 
TUNEL staining showed that the number of green- 
stained positive cells was significantly increased after 
treatment with BAI (50, 100 mg/kg) compared with the 
control group, indicating that BAI treatment (50, 
100 mg/kg) significantly promoted apoptosis of tumor 
cells (Figure 7F).

Discussion and Conclusions
The RPR was reported that its active constituents could 
play an important role in inhibiting LC,28 gastric 
carcinoma,29 breast carcinoma,30 pancreatic 
carcinoma,31 and intestinal carcinoma.32 However, pre-
vious studies mainly focused on the pharmaceutical 
effect of single component rather than the complex 
ingredients in RPR, which limits our understanding of 

Figure 2 Compound-disease-target protein network. Purple circles represent LC. Blue circles represent active ingredients in RPR. Red circles represent common targets 
between ingredient targets from RPR and LC targets. Yellow circles represent targets of RPR. Green circles represent targets of LC. 
Abbreviations: RPR, Radix Paeoniae Rubra; LC, lung cancer.
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RPR without a holistic view. The network pharmacolo-
gical method has similar characteristics to the multiple 
components, multiple targets and multiple pathway 
effects of traditional Chinese medicine. With the devel-
opment of multidisciplinary pharmacology, network 
pharmacology offers a new direction for interpreting 
the complex pharmacological mechanism of Chinese 
herb.

In current study, network pharmacological analysis 
found that the main active ingredients of RPR against 
LC were baicalein, (+)-catechin, ellagic acid, β- 
sitosterol, stigmasterol, (2R,3R)-4-methoxyl-distylin. 
JUN, VEGFA, BCL2 were identified as the key potential 
therapeutic targets of RPR in treating LC. JUN is 
a member of the AP-1 transcription factor family and 
regulates the expression of many genes involved in 

Figure 3 The common targets PPI network. Red triangles represent active ingredients in RPR. Yellow diamonds represent common targets from LC and active ingredients in 
RPR. Blue diamonds represent the main targets of common targets. Green circles represent associated human proteins that directly or indirectly interacted with common 
targets. Purple circles represent the main proteins of the associated human proteins. 
Abbreviations: RPR, Radix Paeoniae Rubra; LC, lung cancer.
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extracellular matrix degradation, angiogenesis, and cell 
migration. One study has shown that down-regulation of 
JUN and AP-1 expression can inhibit apoptosis of lung 
adenocarcinoma cells.33 Vascular endothelial growth 
factor A (VEGFA) plays a critical role in neoplasm 
angiogenesis. When VEGFA specifically binds to its 
receptor, it participates in tumor invasion and metastasis 
by stimulating tumor vascular endothelial cell 
neoplasia.34 BCL2 is an anti-apoptotic gene. Apoptosis 
is a form of autonomic and orderly death of cells regu-
lated by a series of related genes. The development of 
tumors is often accompanied by inhibition of expression 
of pro-apoptotic proteins and inhibitors of apoptosis- 
inhibiting proteins. Induction of tumor cell apoptosis is 
the most important mechanism of action of most anti- 
tumor drugs. Xu et al confirmed that total paeony glyco-
side could inhibit Bcl-2 and Bcl-xL expression and 
promote Bax expression to induce apoptosis of chronic 
granulocyte leukemia K562 cells.35

GO enrichment analysis found that the main biolo-
gical processes related to this research were cell apop-
tosis and protein phosphorylation. Cancer is 
a complicated disease involving multiple genes regula-
tion. Abnormal growth, differentiation and apoptosis of 
cancer cells are often accompanied with aberrant protein 
phosphorylation in cell signaling pathways. Chen et al 
analyzed the expression of phosphorylated proteins in 
serum from breast cancer patients compared to healthy 
donors. They found that phosphorylated proteins were 
closely related to breast cancer.36 RPR exerts inhibitory 
influence on tumor development by regulating several 
signaling pathways. The MAPK signal pathway is com-
posed of four signal families, ERK, JNK, ERK5, and the 
p38 signaling family. Studies have shown that abnormal 
or excessive activation of MAPK signal pathway plays 
an influential role in malignant transformation of cells. 
ERK, JNK, and P38 signal pathways have been shown 
to be bound up with tumorigenesis.37,38 The PI3K-Akt 

Figure 4 GO annotation and KEGG pathway enrichment analysis for associated human proteins that directly or indirectly interacted with common targets. The y-axis 
shows significantly enriched Molecular Function, Cellular Components, Biological Process, KEGG pathways of the targets. The x-axis shows the enrichment scores of these 
terms or the counts of targets. P value<0.01. (A) Molecular Function; (B) Cellular Components; (C) Biological Process; (D) KEGG pathways. 
Abbreviations: GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 5 BAI inhibit the proliferation, migration and invasion of A549 cells. MTT assays show that BAI significantly inhibits the proliferation of A549 cells at 24, 48 and 
72 h (A). Wound-healing assays show that BAI (100 μM/200 μM/400 μM) significantly inhibits the migration of A549 cells at 24 h (B and C). Transwell assays show that BAI 
(100 μM/200 μM/400 μM) significantly inhibits the migration and invasion of A549 cells at 24h (D/E/F). ****p<0.0001, ***p<0.001, **p<0.01 versus Control cells. 
Abbreviation: BAI, Baicalein.
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signaling pathway is closely related to the proliferation, 
apoptosis and invasion of multiple cancer cells. The 
dysregulation of PI3K-Akt signal pathway is mainly 
due to excessive activation of Akt.39,40 Zhang et al 
found that reducing the phosphorylation of PI3K and 
AKT and restraining activation of PI3K-AKT pathway 
could restrain the proliferation and promote the apopto-
sis of LC cells.41

In vitro, we selected baicalein, paeoniflorin, ellagic 
acid, (+)-catechin of the active ingredients in RPR to 
observe the inhibitory effect on A549 cells. Paeoniflorin 
has been proven with anti-tumor effects in nasopharyngeal 
carcinoma cells via downregulation of NEDD4.42 Ellagic 
acid was reported to induce autophagy and exhibit anti- 
tumor effects in lung adenocarcinoma HOP62 and H1975 
cells.43 Payen et al reported that (+)-catechin: lysine 1:2 
could suppress cervix carcinoma cell migration in vitro 
and have antimetastatic effect in mouse melanoma 
models.44 However, paeoniflorin, ellagic acid, (+)- 
catechin had no significant anti-tumor effect on A549 

cells in our present study. Baicalein has been proven to 
have a variety of anti-tumor effects, such as undifferen-
tiated thyroid cancer cells,45 breast cancer46 and bladder 
cancer.47 The present results showed that 100 μM, 200 
μM, 400 μM of BAI could significantly restrain the pro-
liferation, migration and invasion of A549 cells. In vivo, 
BAI (50, 100 mg/kg) also significantly inhibited the 
growth of subcutaneous xenograft tumor of A549 cells. 
According to PPI network analysis and GO analysis, the 
anti-tumor effect of RPR was closely related to the induc-
tion of tumor cell apoptosis. Flow cytometry assay results 
also indicated that BAI could induce the apoptosis of 
A549 cells. TUNEL staining showed that BAI (50, 
100 mg/kg) significantly promoted apoptosis of tumor 
cells compared with the control group. However, there 
are some limitations in predicting effective components 
and targets of LC through network pharmacology based 
on existing databases. Different databases may predict 
different results, so we should choose multiple databases 
as comprehensive as possible when making network 

Figure 6 BAI induces the apoptosis of A549 cells. Annexin V/PI staining shows that BAI (100 μM/200 μM/400 μM) induces the apoptosis of A549 cells at 24 h (E). The 
apoptotic rates of A549 cells (early apoptosis and late apoptosis) are 4.21%±0.34%, 10.29%±0.27%, 24.77%±1.72%, 49.5%±0.28% in the Control (A), 100 μM BAI (B), 200 
μM BAI (C), 400 μM BAI (D), respectively. ****p<0.0001 versus Control cells. BAI, Baicalein.
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Figure 7 BAI inhibits the growth of subcutaneous xenograft tumor of A549. The subcutaneous xenograft models were randomly divided into 3 groups (n=6): Control group 
(0.5% CMC-Na), BAI-L (50 mg/kg) and BAI-H (100 mg/kg) (A). Tumor volume (B). Tumor image (C). Tumor weight (D). Body weight (E). The morphology of tumor was 
determined by H&E staining (scale bar, 50μm) (F). Apoptosis ratio was determined by TUNEL assay (scale bar, 200μm) (*p < 0.01, **p <0.001 vs control group).
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predictions. In addition, LC also has multiple cell lines, so 
multiple cells can be tested in parallel in future 
experiments.
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