
Received: 2019.05.22
Accepted: 2019.06.18

Published: 2019.10.09

 1841   3   4   30

Mechanisms of Paeonia lactiflora in Treatment 
of Ulcerative Colitis: A Network Pharmacological 
Study

 AEF 1 Yin Zhang*
 BCD 2 Xiaoyan Li*
 DF 1 Xianlin Xu
 ABEF 3 Ningxi Yang

  * Yin Zhang and Xiaoyan Li contributed equally to this work
 Corresponding Author: Ningxi Yang, e-mail: yangningxi@bjmu.edu.cn
 Source of support: Departmental sources

 Background: Paeonia lactiflora is the main active ingredient of peony decoction, which is used to treat ulcerative colitis (UC) 
in traditional Chinese medicine (TCM). Network pharmacology indicates the multiple interactions among genes, 
proteins, and metabolites associated with diseases and drugs from the network perspective, which shows the 
multi-component and multi-target attributes of TCM. This study predicted the pharmacological mechanism of 
Paeonia lactiflora in the treatment of UC by network pharmacological method.

 Material/Methods: Chemical constituents of Paeonia lactiflora were searched from TCMSP data, gene names of target sites were 
extracted from UniProt database, and disease targets of ulcerative colitis were obtained from the CTD disease 
database. Use Venny online tools to obtain common targets for drugs and diseases. The DAVID database was 
used to enrich GO and KEGG for the common target, and the related functions and pathways were obtained. 
Cytoscape 3.7.1 was used to construct the ‘drug-compound-target-disease’ network.

 Results: There are 70 common target genes between Paeonia lactiflora and UC. GO analysis showed that the biologi-
cal functions of the common target genes of Paeonia lactiflora and UC include response to lipopolysaccharide, 
response to estradiol, response to drug, positive regulation of nitric oxide biosynthetic process, and steroid 
hormone-mediated signaling pathway. Enrichment of the KEGG signaling pathway mainly involves signaling 
pathways, including Pathways in cancer, TNF signaling pathway, Tuberculosis, Hepatitis B, and Toxoplasmosis.

 Conclusions: The network pharmacology intuitively shows the multi-component, multi-target, and multi-channel pharmaco-
logical effects of Paeonia lactiflora on UC, and provides a scientific basis for studying the mechanism of the ef-
fect of Paeonia lactiflora on UC.
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Background

Peony decoction (Baishao) is composed of Paeonia lactiflora, 
Betelang, Rhubarb, Scutellaria baicalensis, Coptis chinensis, 
Angelica sinensis, first-class cinnamon, licorice, and banksia 
rose. It can effectively relieve abdominal pain, fecal pus and 
blood, and tenesmus [1]. Experimental studies and clinical ap-
plication show that peony decoction has obvious therapeutic 
effects on ulcerative colitis [2,3]. Paeonia lactiflora is one of the 
main active ingredients of peony decoction. The pathogenesis 
of ulcerative colitis is complex and Paeonia lactiflora contains 
many ingredients; therefore, its mechanism in treatment of ul-
cerative colitis needs to be further clarified. It is important to 
explore the mechanism of Paeonia lactiflora in the treatment 
of ulcerative colitis from the perspective of systems biology 
by using the method of network pharmacology.

Network pharmacology is a research method for designing 
multi-target drug molecules based on the theory of systems 
biology and network analysis of biological systems by select-
ing specific signal nodes (Nodes). Network pharmacology em-
phasizes multi-channel regulation of signaling pathways in or-
der to improve the therapeutic effect of drugs, reduce toxic 
and adverse effects, enhance the success rate of clinical tri-
als of new drugs, and reduce the cost of drug research and 
development [4,5]. After thousands of years of clinical prac-
tice, traditional Chinese medicine has accumulated rich expe-
rience. Traditional Chinese medicine and its prescriptions are 
multi-component, multi-channel, and multi-target, and show 
advantages in the treatment and prevention of diseases [6]. 
However, because the mechanism of traditional Chinese medi-
cine is difficult to quantify, its scientific nature has been ques-
tioned. At present, network pharmacology has been applied 
in the field of traditional Chinese medicine, which provides 
a basis for revealing the mechanism of action of traditional 
Chinese medicine [7]. For example, Yu et al. found that in the 
progression of asthma, 8 major putative targets of Yin-Huang-
Qing-Fei capsule were associated with the inflammatory pro-
cess [8]. Chen et al. reported that 34 proteins and 28 relat-
ed pathways of YXST may explain the mechanism by which 
Yangxinshi tablet acts on heart failure and myocardial infarc-
tion [9]. Zhang et al. found 66 QiXueHe Capsule candidate 
targets that may be used to treat menstrual disorders [10]. 
The purpose of the present study was to use network phar-
macology to analyze the mechanism by which Paeonia lacti-
flora is effective in treating ulcerative colitis, and to provide a 
reference for further experimental verification.

Material and Methods

Major compounds and related targets of Paeonia lactiflora 
were obtained from the Traditional Chinese Medicine Systems 

Pharmacology (TCMSP) database. The screening criteria were: 
oral bioavailability (OB) >30% and drug-like (DL) properties 
>0.15. The genes corresponding to the target were queried 
through the UniProt database. With ‘Ulcerative colitis’ as the 
key word, the CTD disease database was used to search for 
disease target genes of ulcerative colitis. The Venny online 
tool was used to obtain common target genes for drugs and 
diseases. GO and KEGG enrichment analysis of common tar-
get genes were performed using the DAVID database to ob-
tain the related functions and pathways. The screening crite-
rion was FDR <0.05. Cytoscape 3.7.1 was used to construct the 
‘drug-compound-target gene-disease’ network.

Results

Drug target prediction

The chemical constituents and targets of Paeonia lactiflora were 
predicted in the TCMSP database. A total of 13 compounds of 
Paeonia lactiflora were obtained, as shown in Table 1. We could 
not obtain related targets from 5 of them (11alpha, 12alpha-
epoxy-3beta-23-dihydroxy-30-norolean-20-en-28, 12beta-olide, 
albiflorin_qt, benzoyl paeoniflorin, Lactiflorin, and paeoniflo-
rin_qt). We entered the target name and selected “person” as 
the species in the UniProt database. As a result, 71 genes cor-
responding to the target were identified.

Disease target prediction

By searching the keyword ‘ulcerative colitis’ in the CTD disease 
database, 14 775 disease targets were obtained.

Intersection target

A total of 70 common targets for drugs and diseases are ob-
tained using the Venny online tools, as shown in Figure 1.

GO analysis of drug-disease intersection target gene

We imported 70 common target genes into the DAVID data-
base and selected “person” as the species and set FDR at <0.05, 
yielding 41 enrichment results. The enrichment of biological 
processes is shown in Table 2. The ggplot2.R package was 
used for visualization, and the results are shown in Figure 2. 
The biological processes include response to lipopolysaccha-
ride, response to estradiol, response to drug, positive regula-
tion of nitric oxide biosynthetic process, and steroid hormone 
mediated signaling pathway.
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Analysis of KEGG pathway enrichment

We imported 70 common target genes into the DAVID data-
base, selected “person” as the species, and set FDR as <0.05, 
producing 41 enrichment results. The enrichment of biologi-
cal processes is shown in Table 3. The ggplot2.R (3.2.0 Version) 
package was used for visualization and the results are shown 
in Figure 3. The target gene network of Paeonia lactiflora-ul-
cerative colitis is mainly related to Pathways in cancer, TNF sig-
naling pathway, Tuberculosis, Hepatitis B, and Toxoplasmosis.

Drug-compound-target-disease network

Cytoscape 3.7.1 software was used to construct the ‘drug-com-
pound-target-disease’ network of Paeonia lactiflora, and the 
interaction among drugs, compounds, diseases, and targets 
was obtained. The results are shown in Figure 4.

Discussion

The occurrence of ulcerative colitis (UC) involves genetic, bio-
chemical, psychological, social, and environmental factors [11]. 
Many scholars have studied the pathogenesis of UC in terms of 
infection factors, immune factors, and genetic factors [12,13]. 
In view of the complex pathogenesis of ulcerative colitis, it is 
difficult for a single target drug to have a better therapeu-
tic effect, and multi-target combination drug therapy has be-
come the trend of UC treatment in the future [14]. Scholars 
regard traditional Chinese medicine as a library of combina-
torial compounds [15,16]. Because of the multi-target effect 
of TCM, it has become an important source of UC therapeu-
tic drugs [17,18]. By exploring the relationship between drugs 
and diseases from a holistic perspective, network pharmacol-
ogy is holistic and systematic, which provides a new strategy 
for the study of traditional Chinese medicine.

Paeonia lactiflora is an important traditional Chinese medicine, 
which has been widely used in anti-inflammatory, analgesic, 

Mol ID Molecule name OB (%) DL

MOL000492 (+)-catechin 54.83 0.24

MOL001919
(3S,5R,8R,9R,10S,14S)-3,17-dihydroxy-4,4,8,10,14-pentamethyl-
2,3,5,6,7,9-hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione

43.56 0.53

MOL001910
11alpha,12alpha-epoxy-3beta-23-dihydroxy-30-norolean-20-en-
28,12beta-olide

64.77 0.38

MOL001928 Albiflorin_qt 66.64 0.33

MOL001930 Benzoyl paeoniflorin 31.27 0.75

MOL000358 beta-sitosterol 36.91 0.75

MOL000422 Kaempferol 41.88 0.24

MOL001921 Lactiflorin 49.12 0.8

MOL000211 Mairin 55.38 0.78

MOL001918 Paeoniflorgenone 87.59 0.37

MOL001924 Paeoniflorin 53.87 0.79

MOL001925 Paeoniflorin_qt 68.18 0.4

MOL000359 Sitosterol 36.91 0.75

Table 1. Compounds in Paeonia lactiflora.

14704
(99.5%)

70
(0.5%)

1
(0%)

Disease Drug

Figure 1. Venn diagram of disease and drug targets.

7576
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhang Y. et al.: 
Network pharmacology of Paeonia lactiflora treating UC

© Med Sci Monit, 2019; 25: 7574-7580
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



and immune regulation for hundreds of years [19]. In this 
study, the TCMSP database was used to predict the chemi-
cal composition and targets of Paeonia lactiflora. A total of 13 
compounds of Paeonia lactiflora were found, of which 5 com-
pounds had no corresponding target. Further target prediction 
indicated that 71 targets were related to 8 active ingredients. 
UC disease targets were analyzed using the CTD network on-
line analysis platform, and 70 common target genes between 
drug and disease were obtained using the Venny online tool. 

Our exploration of the biological function of target genes of 
Paeonia lactiflora in the treatment of UC showed that the com-
mon target genes between Paeonia lactiflora and UC includ-
ed OPRM1, VCAM1, CASP3, CYP1A1, CASP9, IL6, BCL2, AKT1, 
PTGS2, JUN, CASP8, SLPI, and CYP1A2. These target genes are 
involved in biological processes, including response to lipo-
polysaccharide, response to estradiol, response to drug, posi-
tive regulation of nitric oxide biosynthetic process, steroid hor-
mone-mediated signaling pathway, aging, cellular response to 

Biological processes GO ID Related targets FDR

Response to lipopolysaccharide 0032496
OPRM1, VCAM1, CASP3, CYP1A1, CASP9, PTGS2, JUN, 
CASP8, SLPI, CYP1A2, LBP, SELE

9.99E-08

Response to estradiol 0032355
CASP3, CASP9, PTGS2, SLC6A4, CASP8, ESR1, F7, CAT, 
CYP1A2, GSTP1

1.90E-07

Response to drug 0042493
ICAM1, CASP3, IL6, CYP1A1, PTGS2, SLC6A2, JUN, BCL2, 
RELA, SLC6A4, PPARG, ADRA1A, CAT, STAT1

4.40E-07

Positive regulation of nitric oxide 
biosynthetic process

0045429 OPRM1, AKT1, ICAM1, IL6, PTGS2, ESR1, INSR 3.38E-05

Steroid hormone mediated signaling 
pathway

0043401 PGR, NR1I3, NR1I2, RXRA, PPARG, NR3C2, ESR1 1.93E-04

Aging 0007568
VCAM1, AKT1, IL6, CYP1A1, CASP9, RELA, JUN, ADRA1A, 
CAT

5.98E-04

Cellular response to lipopolysaccharide 0071222 ICAM1, IL6, RELA, MAPK8, LBP, NOS2, CD14, GSTP1 6.43E-04

Xenobiotic metabolic process 0006805 CYP3A4, NR1I2, CYP1B1, PTGS1, CYP1A2, GSTP1, AHR 4.00E+00

Response to toxic substance 0009636 CYP1B1, BAX, BCL2, SLC6A4, PON1, GSTP1, AHR 1.00E+00

Positive regulation of transcription 
from RNA polymerase II promoter

0045944
AR, IL6, RXRA, RELA, PPARG, ESR1, STAT1, AHR, PGR, 
AKT1, ADRB2, NR1I3, NR1I2, NCOA2, JUN, PPP3CA, IKBKB

3.00E+00

Table 2. GO functional enrichment analysis of common targets (top 10).
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(CC) GO: 0005886~plasma membrane
(CC) GO:00005829~cytosol

(MF) GO: 0019899~enzyme binding
(MF) GO: 0042803~protein homodimerization activity

(BP) GO: 0045944~positive regulation of transcription from RNA polymerase II promoter
(BP) GO: 0042493~response to drug

(BP) GO: 0032496~response to lipolysaccharide
(CC) GO: 0015121~membrane raft

(CC) GO: 0032355~ response to estradiol
(MF) GO: 0020037~heme binding
(MF) GO: 0008144~drug binding

(BP) GO: 0007568~aging
(MF) GO: 003707~steroid hormone receptor activity

(BO) GO: 0071222~cellular response to lipolysaccharide
(BP) GO: 0006367~transcription initiation from RNA polymerase II promoter

(BP) GO: 0001666~response to hypoxia
(MF) GO: 0004879~RNA polymerase II transcription factor activity, ligand-activated sequence-speci�c DNA binding

(BP) GO: 0045471~response to ethanol
(BP) GO: 0045429~positive regulation of nitric oxide biosynthetic process

(BO) GO: 0043401~steroid hormone mediated signaling pathway
(BP) GO: 0009636~response to toxic substance

(BP) GO: 0006805~xenobiotic metabolic process
(CC) GO: 0031090~organelle membrance

(BP) GO: 0071407~cellular response to organic cyclin compound
(BP) GO: 0048661~positive regulation of smooth muscle cell proliferation

(BP) GO: 0043410~positive regulation of MAPK cascade
(BP) GO: 0042542~response to hydrogen peroxide

(BP) GO: 0032869~cellular response to insulin stimulus
(MF) GO: 0005496~steroid binding

(BP) GO: 0046677~response to antibiotic
(BP) GO: 0045907~positive regulation of vasoconstriction

(BP) GO: 0043200~response to amino acid
(BP) GO: 0035094~response to nicotine

(BP) GO: 0034612~response to tumor necrosis factor
(BP) GO: 0008202~steroid metabolic process

(BP) GO: 0007271~synaptic transmission, cholinergic
(MF) GO: 0016907~G-protein coupled acetylcholine receptor activity

(MF) GO: 0016712~oxidoreducates activity, acting on paired donors, with incorporation or reduction of molecular oxygen, reduced �avin or �avoprotein as one donor, and incorporation of one atom of oxygen
(BP) GO: 0007213~G-protein coupled acetylcholine receptor signaling pathway

(BP) GO: 0007207~phospholipase C-activating G-protein coupled acetylcholine receptor signaling pathway
(BP) GO: 0007197~adenylate cyclase-inhibiting G-protein coupled acetylcholine receptor signaling pathway

Figure 2.  GO functional enrichment. The X-axis represents the number of genes enriched in function, the y-axis GO function 
annotation, and the color represents the significance of enrichment. The bluer the color, the higher the significance.
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lipopolysaccharide, xenobiotic metabolic process, response to 
toxic substance, and positive regulation of transcription from 
RNA polymerase II promoter. This also indicates that UC in-
volves abnormalities in many biological processes in vivo, sim-
ilar to the results of previous pathological studies of UC. For 
example, Obana et al. reported ulcerative colitis was related 
to a promoter polymorphism of the lipopolysaccharide recep-
tor gene, CD14 [20]. Crotty reported ulcerative colitis resulted 
from a reactive xenobiotic metabolite that is conjugated before 

excretion into the bile [21]. Principi et al. reviewed the estro-
gen receptors had been reported to have anti-inflammatory 
and anti-tumor roles in the colon, suggesting a translational 
potential that could prevent and/or treat UC [22]. These results 
suggest that Paeonia lactiflora could be used in the treatment 
of UC by improving these biological processes.

KEGG pathway enrichment analysis results were mainly relat-
ed to Pathways in cancer, TNF signaling pathway, Tuberculosis, 

Term Fold enrichment Related targets FDR

hsa05200: Pathways in cancer 5.739
PRKCA, AR, IL6, PTGS2, RXRA, RELA, PPARG, STAT1, 
MMP1, AKT1, CASP3, CASP9, JUN, BAX, BCL2, CASP8, 
MAPK8, NOS2, IKBKB, GSTP1

4.45E-07

hsa04668: TNF signaling pathway 12.647
VCAM1, AKT1, ICAM1, CASP3, IL6, PTGS2, RELA, JUN, 
CASP8, MAPK8, IKBKB, SELE

1.69E-06

hsa05152: Tuberculosis 8.9197
AKT1, CASP3, IL6, CASP9, BCL2, RELA, BAX, CASP8, 
MAPK8, LBP, PPP3CA, NOS2, STAT1, CD14

3.06E-06

hsa05161: Hepatitis B 10.11
PRKCA, IL6, RELA, STAT1, AKT1, CASP3, CASP9, BCL2, 
BAX, JUN, CASP8, MAPK8, IKBKB

3.49E-06

hsa05145: Toxoplasmosis 11.277
AKT1, CASP3, CASP9, RELA, BCL2, CASP8, MAPK8, ALOX5, 
NOS2, IKBKB, STAT1

3.40E-05

hsa04620: Toll-like receptor signaling 
pathway

10.639
AKT1, IL6, RELA, JUN, CASP8, MAPK8, LBP, IKBKB, STAT1, 
CD14

3.26E-04

hsa04932: Non-alcoholic fatty liver 
disease (NAFLD)

8.2151
AKT1, CASP3, IL6, RELA, JUN, RXRA, BAX, CASP8, MAPK8, 
IKBKB, INSR

6.91E-04

hsa04210: Apoptosis 14.551 AKT1, CASP3, CASP9, RELA, BAX, BCL2, CASP8, IKBKB 0.001105

hsa05164: Influenza A 7.1292
PRKCA, AKT1, ICAM1, IL6, CASP9, RELA, JUN, PRSS1, 
MAPK8, IKBKB, STAT1

0.002545

hsa05204: Chemical carcinogenesis 11.277
GSTM1, CYP3A4, GSTM2, CYP1B1, CYP1A1, PTGS2, 
CYP1A2, GSTP1

0.006317

Table 3. KEGG functional enrichment analysis of common targets (top 10).
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Figure 3. KEGG pathway enrichment.
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Hepatitis B, Toxoplasmosis, Toll-like receptor signaling pathway, 
Non-alcoholic fatty liver disease (NAFLD), Apoptosis, Influenza 
A, and Chemical carcinogenesis. This is consistent with the pre-
vious research results of UC molecular biology. For example, 
TNF-a, as a pro-inflammatory and regulatory factor, plays an 
important role in the development of UC and disease progres-
sion because TNF promotes the release of pro-inflammatory 
factors [23]. In addition, it can work with interferon to change 
the barrier function of intestinal epithelial cells, enhance the 
permeability of intestinal mucosa and vascular wall, destroy 
the integrity of intestinal mucosa, and form ulcers [24]. Toll-
like receptors are important mediators of innate defense of 
intestinal mucosa and play an important role in maintaining 
intestinal mucosa and intestinal microecology. Published re-
search confirmed there is a relationship between nonsynony-
mous variants in the TLR1, TLR2, and TLR6 genes and exten-
sive colonic disease in UC [25]. Therefore, it is speculated that 
Paeonia lactiflora exerts its pharmacodynamic effects by af-
fecting the related signaling pathways by acting on the related 
targets. Previous studies have confirmed the role of Paeonia 
lactiflora in ulcerative colitis, as well as our results. For exam-
ple, Liu et al. has confirmed that Paeonia lactiflora can treat 
UC by reducing the expression of pro-inflammatory factors, 
increasing the body’s antioxidant effect, and reducing intesti-
nal mucosal permeability in mice [26]. Fang et al. found that 
paeoniflorin significantly reduced the levels of TNF-alpha, IL-1, 
IL-10, 5-HT, TLR4, MyD 88, and NF-kappa B p65, and upregu-
lated the expression of Tollip in ulcerative colon by significant-
ly reducing the levels of TNF-alpha, IL-1, IL-10, and 5-HT [27].

The present study focused on inflammation-related signaling 
pathways, including the TNF signaling pathway and Toll-like 
receptor signaling pathway. These pathways mainly involve 
the genes VCAM1, AKT1, ICAM1, CASP3, IL6, PTGS2, RELA, 
JUN, CASP8, MAPK8, IKBKB, SELE, LBP, STAT1, and CD14. These 
genes have also been reported to be involved in the mecha-
nism of UC. For example, PTGS2 participates in inflammato-
ry regulation and antioxidant response [28]. IL6 gene expres-
sion is closely related to the progression of IBD [29]. JUN is a 
proto-oncogene and plays a key role in inflammation. Many in-
flammatory factors activate JUN directly or indirectly. Activated 
JUN further regulates the expression and regulation of relat-
ed inflammatory factors, and then participates in the inflam-
matory response [30]. Therefore, Paeonia lactiflora has anti-
inflammatory and immune effects by acting on these genes.

Although the present research revealed the mechanism of 
Paeonia lactiflora in the treatment of ulcerative colitis from 
the perspective of network pharmacology, it still has some 
limitations. The main limitation of this study is the lack of ex-
perimental verification, which will be further expanded in fu-
ture research.

Conclusions

The results of this analysis show that Paeonia lactiflora acts 
on multiple targets and plays a therapeutic role on UC through 
multiple pathways. These predicted targets and pathways are 
consistent with the pharmacological effects reported in the lit-
erature. In addition, there are few reports about some targets 

Figure 4.  Drug-compound-target-disease 
network map.
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in the results, which could provide clues for further study of 
the molecular mechanism of potential targets of Paeonia lac-
tiflora in the treatment of UC. This study confirmed the thera-
peutic effect of the traditional Chinese medicine Paeonia lacti-
flora on UC by use of network pharmacological method, which 
embodies the multi-component, multi-target and integrated 
regulation of traditional Chinese medicine prescriptions, and 

provides a basis for further study of the pharmacological mech-
anism of Paeonia lactiflora in treatment of UC.
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