MEDICAL
SCIENCE

L

MONITOR

Received: 2021.06.10
Accepted: 2021.09.28
Available online: 2021.11.23
Published: 2022.02.17

Authors’ Contribution: AE
Study Design A BCD

Data Collection B
Statistical Analysis C BCD
Data Interpretation D AF

Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author:
Financial support:
Conflict of interest:

=N R e

DATABASE ANALYSIS

e-ISSN 1643-3750
© Med Sci Monit, 2022; 28: e933537
DOI: 10.12659/MSM.933537

Network Pharmacology Integrated Molecular
Docking Revealed the Mechanism of Jianpi Yiqi
Taohua Decoction Against Ulcerative Colitis

Lin ]Ia 1 Department of Traditional Chinese Medicine, Taian City Central Hospital, Taian,
Haiyan Zhou Shandong, PR China

. 2 Department of Rehabilitation, Traffic Hospital of Linyi City, Linyi, Shandong,
Wenhao Li ; ’ S ¢

PR China

Zhantai Lv

Zhantai Lv, e-mail: Lzhtai20011698@126.com
None declared
None declared

Background:

Material/Methods:

Results:

Conclusions:

Keywords:

Full-text PDF:

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

Jianpi Yigi Taohua decoction (JYTD) has shown therapeutic effects in ulcerative colitis (UC). However, the phar-
macological mechanism of JYTD against UC remains unclear.

Compounds and targets of JYTD and UC-related genes were screened from public databases. Integrated analysis
was performed to identify therapeutic targets of UC, followed by functional enrichment analysis. Protein—pro-
tein interaction (PPI) and pharmacological networks were then established. Molecular docking was used to val-
idate the affinity of compounds and their targets. Further, the efficacy of JYTD was evaluated by meta-analysis.
Relevant studies were searched from 5 databases. Outcomes were complete response rate (CRR) and overall
response rate (ORR), and pooled results were estimated by risk ratio (RR) with corresponding 95% confidence
intervals (Cls).

The pharmacological network identified 13 herbal medicines, 28 compounds, 54 targets, and 20 pathways.
Stigmasterol, liquiritigenin, and naringenin were potential active compounds, and PRKCA, NFKB1, ESR1, NTRK1,
AKT1, PPARG, RXRA, and VDR were hub targets. Pathway analysis revealed that genes were mainly involved in
the cellular response to lipids. Molecular docking indicated that AKT1, NFKB1, ESR1, NTRK1, PRKCA, and PPARG
exhibited good affinity to 6 key compounds of JYTD. Then, meta-analysis revealed that Tao Hua decoction treat-
ment significantly improved CRR (RR, 1.21; 95% Cl, 1.06-1.37; P=0.004) and ORR (RR, 1.16; 95% Cl, 1.08-1.24;
P<0.001).

JYTD was found to have preventive and therapeutic effects on UC through multiple compounds, targets, and
pathways. These findings enhanced our understanding of the potential pharmacological mechanisms of JYTD
against UC.
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Background

Ulcerative colitis (UC) is a chronic idiopathic bowel disease
characterized by intestinal (colon and rectum) inflamma-
tion [1], with clinical symptoms that include bloody diarrhea,
acute pain, hemafecia, and weight loss [2]. UC is a common
gastrointestinal disease in China. To date, UC has been pre-
dominantly treated with 5-aminosalicylate, cyclosporine, and
ustekinumab. However, these drugs may produce a series of
adverse events that can increase the risk of infection and neo-
plasia [3,4]. Moreover, the main objective of these drug thera-
pies for patients with UC is to induce and maintain the relief
of symptoms and mucosal inflammation [5]. Therefore, it is
necessary to explore safe and effective treatments.

Jianpi Yigi Taohua decoction (JYTD) is a common tradition-
al Chinese medicine (TCM) that derives from the basis of the
classic prescription “Tao Hua decoction” and has been used
to treat UC with various causes [6]. According to TCM theory,
UC can be divided into different TCM syndromes, mainly in-
cluding Pi-Xu-Shi-Yun syndrome (syndrome of spleen deficien-
cy and dampness) and Da-Chang-Shi-Re syndrome (syndrome
of dampness-heat in the large intestine) [7]. JYTD has been
most effective in patients with UC who have Pi-Xu-Shi-Yun
syndrome. The usage of this prescription is as follows: “when
UC is characterized by Shaoyin disease with purulent bloody
stool syndrome, the Tao Hua decoction is prescribed”. This
formula is composed of Codonopsis pilosula (Dangshen, DS),
Atractylodis Macrocephalae Rhizoma (Baizhu, BZ), Astragalus
membranaceus (Huanggqi, HQ), Zingiberis Rhizoma (Ganjiang,
GJ), Halloysitum Rubrum (Chishizhi, CSZ), Coptis chinensis
Franch. (Huanglian, HL), Dolichos lablab L. (Baibiandou, BBD),
Terminalia chebula Retz. (Hezi, HZ), Dioscorea opposita Thunb.
(Shanyao, SY), Rhizoma Curculigins (Xianmao, XM), Amomi
fructus (Sharen, SR), Corydalis yanhusuo (Yuanhu, YH), Semen
Coicis (Yiyiren, YYR), Aucklandia lappa Dence. (Muxiang, MX),
Citrus reticulata Blanco (Chenpi, CP), Oryza sativa L. (Jingmi,
JM), Paeonia lactiflora Pall. (Baishao, BS), and Glycyrrhiza ura-
lensis Fisch. (Zhigancao, ZGC). TCM studies have indicated that
UC is related to the spleen and kidneys [8], and spleen defi-
ciency is the main cause of UC [9]. Evidence indicates that the
TCM in JYTD can alleviate UC injury by relieving diarrhea, dis-
pelling cold, nourishing the stomach, and strengthening the
spleen [10]. However, the potential molecular mechanisms of
JYTD have not been fully elucidated.

TCM is used to treat diseases through multiple compounds
and targets, rather than through a single compound or target.
Similarly, network pharmacology studies emphasize network
targets and multi-compound therapeutics, which is consistent
with the principle of TCM [11]. In addition, other bioinformat-
ics resources, including molecular docking, have been devel-
oped to provide good opportunities for comprehensive drug
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mechanism studies. Molecular docking is an important tool for
computer-aided drug design [12] and can evaluate the binding
potential of protein ligands based on network pharmacological
prediction and analysis [13]. In this study, network pharmacol-
ogy and molecular docking methods were employed to inves-
tigate potential core compounds and their targets for JYTD in
the treatment of UC. Further, meta-analysis was performed to
evaluate the effective of JYTD. The flow chart of this analysis
is shown in Supplementary Figure 1. The goal of this study
is to provide evidence-based scientific support for the use of
JYTD against UC in clinical practice.

Material and Methods

Identification of Compounds in JYTD

All chemical compounds of each herb in the JYTD were ex-
tracted from the Traditional Chinese Medicine Systems
Pharmacology Database (TCMSP) (http://Isp.nwu.edu.cn/browse.
php?gc=herbs) [14] and the Traditional Chinese Medicine
Integrated Database (TCMID) (http://119.3.41.228:8000/tc-
mid/search/) [15]. In brief, we searched these online databas-
es using the names of the herbal medicines to obtain the cor-
responding compound information.

Screening of Active Compounds

The absorption, distribution, metabolism, and excretion (ADME)
parameters obtained from the TCMSP database were used to
identify potential active compounds [16]. Oral bioavailabili-
ty and drug-likeness are the most significant pharmacokinet-
ic parameters in ADME. Oral bioavailability is defined as “the
extent to which the active compounds are used by the human
body, including the dose and rate of entry into the blood” [17].
The degree of oral bioavailability largely determines the ef-
fect of the compound on disease, and high oral bioavailability
is a key indicator to confirm the similarity of bioactive mole-
cules as therapeutic drugs [18]. Drug-likeness is a qualitative
concept for drug design, and the accurate early evaluation of
drug-likeness properties of a compound can assist in deter-
mining whether the compound is chemically suitable for use
as a drug [19]. Thus, molecular drug-likeness evaluation is re-
lated to parameters that affect its pharmacodynamics, which
ultimately influence its ADME properties [20]. In this study,
the active compounds in JYTD were selected according to the
criteria of oral bioavailability >40% and drug-likeness >0.2.

Prediction of Targets of Compound
The BATMAN database [21] (http://bionet.ncpsb.org/batman-

tcm/) was used to predict target proteins corresponding to
compounds. BATMAN can predict the potential targets of TCM
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compounds based on the similarity approach. First, the tar-
gets existing in the Therapeutic Target Database, Drugbank,
and Kyoto Encyclopedia of Genes and Genomes (KEGG) data-
bases were obtained; then, the predicted targets were ranked
in decreasing order based on the interactions between poten-
tial targets and similarities of known targets. In the present
study, target proteins with scores >20 were selected for fur-
ther analysis [22].

Cross-Validation of Target Proteins

The Comparative Toxicogenomics Database (CTD) [23] (http://
ctdbase.org/) was published by the Mount Desert Island
Biological Laboratory. The purpose of the CTD is to promote
a comprehensive understanding of how environmental risks
affect human health, and the CTD provides information on
chemical-gene/protein interactions and chemical-disease and
gene-disease relationships to help formulate disease mecha-
nisms for environmental impacts. In the CTD, “ulcerative coli-
tis” was used as a keyword to search for genes related to UC,
and then genes were sorted by inference score [24,25]. Target
proteins with scores >20 and target proteins predicted in the
previous step were intersected to narrow the target protein
range. The inference score was calculated from the log-trans-
formed product of 2 public neighborhood statistics and then
used to assess the functional correlation between proteins in
the PPI network.

Functional Enrichment Analysis

To explore the biological function of these targets, the Gene
Ontology biological processes (GO-BP), KEGG pathways, and
Reactome Gene Sets enrichment analyses were performed by
using the online tool “Metascape” [26] (http://metascape.org)
with the default parameters. The terms that conformed to the
above parameters were then obtained. According to the kappa
coefficient, further clustering was conducted based on the sim-
ilarity of the genes enriched in each term. The top 20 clusters
were presented as bar graphs. To further understand the re-
lationship between the terms, the interactions were screened.
In brief, terms with the best P value from each cluster were se-
lected, and terms with similarity >0.3 were connected by edg-
es. The network was visualized using Cytoscape software [27]
(version 3.4.0, http://chianti.ucsd.edu/cytoscape-3.4.0/).

PPI Network and Module Analysis

PPI pairs were explored using Metascape, and PPI enrichment
analysis was conducted using the following databases: BioGrid
[28], InWeb_IM [29], and OmniPath [30]. Cytoscape software
was used to construct the PPl network. Next, modules were
excavated from the PPI network via the molecular complex de-
tection (MCODE) [31] algorithm in Metascape. In addition, the
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GO-BP, KEGG pathway, and Reactome enrichment analyses of
genes in each module were performed.

Construction of Pharmacological Network

Based on the herbs-compound-targets-pathways interactions,
the pharmacological network was visualized using Cytoscape
software.

Molecular Docking Technology

The hub nodes with the highest connectivity in the PPl network
were selected for molecular docking analysis. The 3D struc-
ture of these targets were downloaded from the Protein Data
Bank (PDB) database (http://www.rcsb.org/) [32], and the con-
formations were screened according to the following condi-
tions: (1) the protein structure was obtained using the X-ray
diffraction method, (2) the resolution of protein structure was
<3, (3) type was set to protein, and (4) protein ranked first in
descending order of score for further study. Then, PyMol soft-
ware (version 2.0 Schrédinger, LLC) was applied to remove
other ligands and water molecules, and the isolated proteins
were used for subsequent molecular docking. In this analy-
sis, the compounds that targeted these key proteins and had
higher degrees in the pharmacological network were regarded
as the key compounds. The molecular structures of key com-
pounds were downloaded from the PubChem Compound da-
tabase (https://pubchem.ncbi.nlm.nih.gov/) [33] and convert-
ed to PDB format files using PyMol for further analysis. Finally,
the Lamarckian GA algorithm in AutoDock (version 4.2.6) soft-
ware [34] was used to dock the active compounds with the
receptor protein.

Validation of the Clinical Effect Therapeutic Effects of JYTD
on UC by Using Meta-Analysis

Literature Search

The meta-analysis was performed in accordance with the
Preferred Reporting Item for Systematic Review and Meta-
Analyses (PRISMA) [35]. JYTD is derived from the classic pre-
scription “Tao Hua decoction”, and it is widely used in UC
caused by various etiologies. Thus, we used the compounds of
Tao Hua decoction to verify the efficacy of the drug. Randomized
controlled trials (RCTs) were searched from PubMed, Wanfang
data, the China National Knowledge Infrastructure, the China
Science and Technology Journal database, and the China Biology
Medicine disc through September 3, 2021, with the keywords
“Taohua Tang, Taohua decoction, ulcerative colitis, and UC”.
The reference lists of relevant reviews and eligible RCTs were
also searched to obtain additional studies that could be used
for meta-analysis.
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Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) patients with UC di-
agnosed by pathology, imaging, or histology; (2) experimen-
tal group for Tao Hua decoction alone or Tao Hua decoction
combined with other Chinese medicines or a control group
of Western medicine treatment; (3) studies were designed
as RCTs; and (4) outcome indicators were complete response
rate (CRR) or overall response rate (ORR). The exclusion criteria
were as follows: (1) nonrandomized trials; and (2) incomplete
data on the clinical curative effect. For the same data used in
multiple publications, only the study with the most complete
information was included.

Data Extraction and Quality Assessment

Two reviewers independently extracted the following informa-
tion from each included study: the first author, year of publica-
tion, country of study, basic characteristics of research (sample
size, sex, and age), treatment protocols, and clinical outcomes.
The Cochrane Collaboration’s tool [36] was used to assess the
quality of included studies.

Statistical Analysis

The odds ratio (OR) with 95% confidence interval (Cl) was ap-
plied to evaluate the difference in CRR and ORR between the
experimental group and control group. The Cochran’s Q test
and /? test were used to measure heterogeneity among stud-
ies [37]. A value of P<0.05 and/or I? >50% were considered as
significant heterogeneity, and the random effects model was
selected for meta-analysis; otherwise, the fixed effects model
was used to pool results (P>0.05 and /> <50%). The Egger test
was employed to assess publication bias. All statistical analyses
were conducted by using RevMan 5.3 (Cochrane Collaboration,
Oxford, UK) and Stata12.0 (StataCorp LP, College Station, TX,
USA) software.

Results:

Screening of Compounds

The chemical compounds of YJTD were initially obtained from
the TCMSP and TCMID databases, and 1158 compounds were
identified. After filtering with 2 ADME parameters (oral bio-
availability >40% and drug-likeness >0.2), 106 active com-
pounds were obtained from 16 different herbs, including 12
from DS, 4 from BZ, 15 from HQ, 2 from GJ, 1 from CSZ, 8 from
HL, 6 from HZ, 9 from SY, 2 from XM, 4 from SR, 7 from YH, 2
from YYR, 3 from MX, 4 from CP, 10 from BS, and 17 from ZGC.
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Figure 1. Integration analysis of potential targets and
ulcerative colitis-related genes using Venn online tool
(https://bioinfogp.cnb.csic.es/tools/venny/).

Prediction of Target Genes of YJTD

The active compounds screened in the TCMSP and TCMID da-
tabases were retrieved from the BATMAN database, and 13
core herbs and 36 active compounds with 422 potential tar-
gets were collected.

Identification of JYTD Targets for UC Treatment

UC-related genes were searched from the CTD database us-
ing the keyword “ulcerative colitis”, and 408 targets were ob-
tained. Then, these targets were integrated with JYTD-related
targets, and 54 overlapping targets were identified as effec-
tive targets for JYTD intervention in UC (Figure 1).

GO and KEGG Enrichment Analysis of Effective Targets

For these overlapping genes, GO-BP and pathway enrichment anal-
yses were carried out with the following sources: GO-BP, KEGG
pathway, and Reactome Gene Sets analyses. The results showed
that 1146 GO-BP terms, 111 KEGG pathways, and 81 Reactome
Gene Sets were significantly enriched. After the similarity clus-
tering analysis, 77 clusters were obtained; the top 20 clusters are
displayed in Figure 2A. To further investigate the relationships
between the terms in each cluster, we constructed an interactive
network (Figure 2B). In brief, genes were mainly enriched in sev-
eral GO-BP terms, such as response to toxic substances, steroid
metabolic processes, and cellular responses to lipids; and genes
were primarily involved in pathways such as pathways in cancer
and the AGE-RAGE signaling pathway in diabetic complications.

Construction of PPl Network and Module Network

To further investigate the relationship between targets, PPI
analysis was performed. The PPI network was composed of 45
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G0:0009636: response to toxic substance

G0:0008202: steroid metabolic process

G0:0071396: cellular response to lipid

G0:0010817: regulation of hormone levels

G0:0010876: lipid localization

G0:0019216: regulation of lipid metabolic process
G0:0071407: cellular response to organic cyclic compound
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G0:0010942: positive regulation of cell death
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B Response to toxic substance
W Steroid metabolic process
¥ Cellular response to lipid
W Regulation of hormone levels
W Lipid localization
Regulation of lipid metabolic process
W Cellular response to organic cyclic compound
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Figure 2. Functional enrichment analysis of target proteins by Metascape (http://metascape.org). (A) Top 20 clusters of functional
enrichment; (B) interactive network of terms. Different node color indicates different clusters, the connection indicates the
gene similarity between terms, and the node size indicates the number of enriched genes.
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Figure 3. Construction of protein—protein interaction (PPI) network using Cytoscape (version 3.4.0, http://chianti.ucsd.edu/
cytoscape-3.4.0/). (A) Identification of PPI pair via online tool Metascape. Edge represents the protein—protein interaction
and red node represents gene in module. (B) Screening of module from PPI network by using MCODE algorithm. The size of

the node represents the degree value of node.

nodes and 87 connected edges (Figure 3A). The top 10 nodes
with higher degrees were considered as hub genes, includ-
ing PRKCA, NFKB1, ESR1, NTRK 1, AKT1, PPARG, HDAC2, RXRA,
ANXA1, and VDR. Next, the MCODE plugin was used to extract
modules from the PPI network, and a significant module com-
posed of 12 genes and 23 edges was identified (Figure 3B).

Functional enrichment analysis of the genes in the module was
also conducted. GO enrichment analysis indicated that genes
were significantly associated with cellular responses to lipids
and hormone stimuli. Pathway analysis revealed that these
genes were observably involved in the sphingolipid signaling
pathway, AGE-RAGE signaling pathway in diabetic complica-
tions, and HIF-1 signaling pathway.

Construction of Pharmacological Network

To more intuitively represent the relationship among herbs,
compounds, targets, and pathways, a pharmacological network
was constructed. This network included 13 herbal medicines,
28 compounds, 54 targets, and 724 relation pairs (Figure 4).
Among these, the top 5 compounds were stigmasterol, tetra-
hydropalmatine, mairin, 18alpha-glycyrrhetinic acid, and 18be-
ta-glycyrrhetinic acid; the top 5 targets with the greatest num-
ber of edges included AKT1, ESR1, PTGS2, ANXA1, and IL1B;

and pathways enriched by more genes primarily included in-
terleukin-4 and interleukin-13 signaling, AGE-RAGE signaling
pathway in diabetic complications, and response to peptide.

Molecular Docking Verification

Molecular docking is an important tool in drug research and
can be used to study the interactions between small ligand
molecules and receptor biomacromolecules. Moreover, molec-
ular docking can predict ligand conformation and assess bind-
ing affinity [12]. In this study, to further validate potential tar-
gets in UC treatment, molecular docking was performed on
the top 6 hub genes in the PPI network (PRKCA, NFKB1, ESR1,
NTRK1, AKT1, and PPARG). Specifically, drug molecules corre-
sponding to these genes in the pharmacological network were
identified. For multiple small molecules targeting the same tar-
get, we selected small molecules with higher degrees for mo-
lecular docking analysis. Finally, 6 compounds were obtained,
namely, stigmasterol, protopine, (+)-catechin, 18alpha-glycyr-
rhetinic acid, 18beta-glycyrrhetinic acid, and glycyrrhetinic acid.
Next, the molecular docking model was generated. In brief, stig-
masterol bound to the active pockets of AKT1 and interacted
with SER240 and PHE236 to form hydrogen bonds (Figure 5A);
stigmasterol bound to NFKB1 via a hydrogen bond interaction
with TRP292 (Figure 5B); and stigmasterol bound to ESR1 by
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Figure 4. Construction of pharmacological network using Cytoscape (version 3.4.0). The green diamond indicates herb, purple square
indicates compound, blue circle indicates target, and red hexagon indicates KEGG pathway.

interacting with GLU353 to form hydrogen bonds (Figure 5C).
The binding of NTRK1 to protopine was achieved through hy-
drogen bound interactions with MET592 (Figure 6A); and the
binding of PRKCA to (+)-catechin was predominantly through
hydrogen bond interactions with ASP395, LYS396, ALA392,
LEU391, LEU403, and TYR658 (Figure 6B). Furthermore, glyc-
yrrhetinic acid bound to the active pocket of PPARG and in-
teracted with TYR473 and THR461 to form hydrogen bonds
(Figure 7A); 18beta-glycyrrhetinic acid and 18alpha-glycyrrhe-
tinic bound to the active pocket of PPARG and interacted with
HIS466 and TYR473 to form hydrogen bonds (Figure 7B, 7C).

Validation of Clinical Effective of Tao Hua Decoction by
Using Meta-Analysis

Literature Retrieval Results

The selection procedure of eligible studies is presented in
Figure 8. A total of 124 articles were obtained via prelimi-
nary screening as follows: 0 from PubMed, 34 from the China
National Knowledge Infrastructure, 24 from the China Science

and Technology Journal database, 39 from Wanfang, and 27
from the China Biology Medicine disc. After removing dupli-
cates, 63 articles remained. Among these, 52 articles were ex-
cluded because of failure to meet inclusion criteria after read-
ing the titles and abstracts. Five studies that were not RCTs
were subsequently eliminated. Finally, 6 RCTs were included
for further meta-analysis [6,38-42].

Overall Characteristics of Studies

In total, 6 studies involving 580 cases (311 of experimental
groups and 269 of control groups) were included in the me-
ta-analysis. These RCTs were published in 2006 to 2019 and
all were carried out in China. For each included study, there
were no statistically significant differences in sex and age be-
tween the 2 groups. In the experimental group, 3 studies used
Tao Hua decoction [38,40,41], and 3 studies used Shenling
Baizhu powder combined with Tao Hua decoction [6,39,42].
In terms of the control group, the Western medicines used in-
cluded the sulfasalazine tablet, salazine tablet, and oxalazine
sodium capsule. The detailed characteristics of each study are

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

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

€933537-7




JiaL etal:

DATA BAS E A N A LYS I S Jianpi Yigi Taohua decoction against UC

© Med Sci Monit, 2022; 28: €933537

A
Stigmasterol-AKT1
B Stigmasterol-NFKB1
1
1
1
1
1
N
i
_____________ = N
C
Stigmasterol-ESR1

Figure 5. Molecular docking analysis of stigmasterol with AKT1 (A), NFKB1 (B), and ESR1 (C) using AutoDock 4.2 software (Sousa,
Fernandes & Ramos). Purple, orange, red, and blue represent protein receptor, small drug ligand, hydrogen bond, and amino
acid residue, respectively. The length of bond is added to the bond.
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Prootpine-NTRK1

(+)-catechin-PRKCA

Figure 6. The docking model of core active compounds with NTRK1 and PRKCA by AutoDock 4.2 software. Protopine binds to
NTRK1 (A), and (+)-catechin binds to PRKCA (B). Purple, orange, red, and blue represent protein receptor, small drug ligand,
hydrogen bond, and amino acid residue, respectively. The length of bond is added to the bond.

listed in Table 1. Moreover, high risk of bias was not observed
in all studies; however, more unclear risk was found. The risk
of the included literature is shown in Figure 9.

Results of Meta-Analysis

All studies reported information in CRR between the experi-
mental groups and control groups. Due to no significant het-
erogeneity (/>=0%, P=0.93), a fixed effects model was selected
to merge the results of CRR. The CRR was improved in the ex-
perimental group compared with the control group (RR, 1.21;
95% Cl, 1.06-1.37; P=0.004; Figure 10A). In addition, 6 studies
reported the ORR of patients with UC after treatment. Meta-
analysis showed that patients in the experimental group had
higher ORR than those in the control group (RR, 1.16; 95% Cl,
1.08-1.24; P<0.001; />=0%; P=0.83; Figure 10B). Further, the

Egger test indicated that there was no significant publication
bias among the included studies (CRR: P=0.672; ORR: P=0.659).

Discussion

UC is a nonspecific chronic colitis characterized by inflamma-
tion and ulceration of the mucosa and submucosa. As UC eti-
ology remains unknown and no effective treatment is avail-
able, this disease generally progresses to a chronic refractory
relapse. Conventional treatment can lead to poor effects on
multiple pro-inflammatory and safety variables of patients with
UGC; thus, many TCMs have been used for UC treatment [43].

In the present study, we used the network pharmacology meth-
od to identify the potential compounds and targets of JYTD. The
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Glycyrrhetinic acid-PPARG

Figure 7. Molecular docking models of glycyrrhetinic acid (A), 18beta-glycyrrhetinic acid (B), and 18alpha-glycyrrhetinic (C) binding
to PPARG by AutoDock 4.2 software. Purple, orange, red, and blue represent protein receptor, small drug ligand, hydrogen
bond, and amino acid residue, respectively. The length of bond is added to the bond.
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Figure 8. Flow chart of the research retrieval
é Records identified through database searching (n=124) process.
J:’S PubMed (n=0), CNKI (n=34), CQVIP (n=24), Wanfang (n=39), (BM (n=27)
Records after duplicates removed
(n=63)
£ l
< Records screened title/abstract ||  Recordsexcluded
(n=63) (n=52)
= l Full text articles excluded
= ¥ ; s with reasons (n=5)
= Full textarﬂcles(ss;ﬁs)ed for eligibility | . 3without control group
«1notRCT
l « 1 review
=}
2 Studies included in quantitative synthesis
= (meta analysis) (n=6)
Table 1. The characteristics of all included studies.
Study Group Therapeutic regimen n, M/F Age, years
Experimental Taohua Decoction (2 times/day, 1 month/course, 2 courses) 52, 30/22 45.8+11.2
JIWP, T
2011 Control Sulfasalazine tablet 1 g (4 times/day, 1 month/course, 34, 20/14 44.6+11.6
2 courses)
. Shenling Baizhu Powder + Taohua Decoction (2 times/day,
Jiang BS, Experimental 5 e REAIEe, 7 ) 57,32/25 36.54+6.62
2009
Control Salazine tablet 1g (4 times/day, 3 months/course, 1 course) 57, 30/27 36.51+6.68
sperEial Shenling Baizhu Powder + Taohua Decoction (2 times/day, 35, NR NR
Luo FD, 10 days/course, 3 courses)
2011 cifacalay Ao Fomb{Fest 1, _ 3 @ (A ieeien, 10 devslaoee.
Control Sulfasalazine tablet 1-2 g (4 times/day, 10 days/course, 33, NR NR
3 courses)
. Shenling Baizhu Powder + Taohua Decoction (2 times/day,
Qiu FL, Experimental e e e 60, 34/26 38.42+8.74
20016
Control Salazine tablet 1 g (3 times/day, 3 months/course, 1 course) 60, 36/24 39.25+8.84
. Experimental Taohua Decoction (2 times/day, 1 month/course, 1 course) 62, 38/24 37.2
A 1= = o A
2006 Control Sulfasalazine tablet 1 g + prednisone 10 mg (4 times/day, 40, 22/18 36.4
1 month/course, 1 course)
. Experimental Taohua Decoction (2 times/day, 8 weeks/course, 1 course) 45, 28/17 42.5+10.6
ZNON G W, e e e e e e e
2014 Control Oxalazine sodium capsule 1 g (4 times/day, 8 weeks/course, 45,30/15 41.9411.1

1 course)

F — female; M — male; NR — not report.
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Figure 9. Quality assessment of all included studies by using Cochrane Collaboration’s tool. (A) Risk of bias graph. (B) Risk of bias
summary. Green box/node represents low risk of bias, yellow box/node represents unclear risk of bias, and red box/node

represents high risk of bias.

pharmacological network revealed 28 compounds, 54 targets,
and 20 pathways. Among these, the top 10 targets (PRKCA,
NFKB1, ESR1, NTRK1, AKT1, PPARG, HDAC2, RXRA, ANXA1,
and VDR) in the PPI network were considered as hub genes.
Meanwhile, pathway analysis revealed these genes were sig-
nificantly involved in the cellular response to lipids and the
regulation of the lipid metabolic process. Furthermore, molec-
ular docking indicated PRKCA, NFKB1, ESR1, NTRK1, AKT1, and
PPARG had good affinity with 6 core compounds, namely stig-
masterol, protopine, (+)-catechin, 18alpha-glycyrrhetinic acid,
18beta-glycyrrhetinic acid, and glycyrrhetinic acid. Moreover,
meta-analysis indicated that Tao Hua decoction showed sig-
nificant efficacy for treating patients with UC, and TCMs based
on Tao Hua decoction treatment observably improved ORR and

CRR compared with those of the control group (treatment with
Western medicine).

Among the identified compounds, stigmasterol, liquiritigen-
in, and naringenin were regarded as key active compounds in
the treatment of UC. Stigmasterol is an unsaturated phytos-
terol found in various medicinal plants and has pharmacolog-
ical effects, such as anti-osteoarthritis, anti-tumor, and anti-
inflammatory effects [44]. Feng et al [45] demonstrated that
stigmasterol significantly inhibited colon cancer and decreased
severe colitis also in the distal colon, suggesting that stigmas-
terol might improve colitis. In addition, Junior et al [46] ob-
served that the extract of Physalis angulata L. (including stig-
masterol) could regulate inflammatory mediator expression and
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A Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight 1V, fixed, 95% CI IV, fixed, 95% CI
JiWP, 201 42 52 20 34 16.9% 1.3711.01,1.87] ——
Jiang BS, 2019 46 57 39 57 37.4% 1.1810.95, 1.47] T
Luo FD, 2011 10 35 8 33 2.6% 1.18[0.53,2.62]
QiuFL, 2016 47 60 40 60 32.9% 1.18[0.94, 1.47] ——
Zheng FZ, 2006 30 62 18 40 8.9% 1.08[0.70, 1.65] —_—
Zhong W, 2014 16 45 n 45 3.9% 1.45[0.76, 2.78] I I —
Tolal (95% Cl) 3N 269 100.0% 1.21[1.06, 1.37] ‘
Total events 191 136
Heterogeneity: Chi?=1.36, df=5 (P=0.93); I’=0% } } } }
Test for overall effect: 7=2.90 (P=0.004) 0.2 0.5 1 2 5
Favours [experimental] Favours [control]
B
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight IV, fixed, 95% CI IV, fixed, 95% Cl
JiWP, 201 50 52 28 34 16.4% 1.1710.99, 1.38] ——
Jiang BS, 2019 53 57 45 57 19.3% 1.18[1.01,1.37] —_—
Luo FD, 2011 32 35 29 33 16.9% 1.04[0.88, 1.22] —_—
QiuFL, 2016 55 60 47 60 18.9% 1.17[1.00, 1.36] ——
Zheng FZ, 2006 58 62 31 40 13.9% 1.21[1.01, 1.44] —
Zhong W, 2014 42 45 35 45 14.6% 1.20[1.01, 1.43] —
Tolal (95% Cl) 31 269 100.0% 1.16[1.08, 1.24] ‘
Total events 290 215
Heterogeneity: Chi?=2.11, df=5 (P=0.83); I’=0% t } 1 t
Test for overall effect: 7=4.49 (P<0.0001) 0.5 0.7 1 1.5 2
Favours [experimental] Favours [control]

Figure 10. Forest plot of Tao Hua decoction treatment versus control for CRR (A) and ORR (B) using RevMan 5.3 (Cochrane
Collaboration, Oxford, UK). CRR — complete response rate; ORR — overall response rate.

had potential use in the treatment of inflammatory bowel dis-
ease. Liquiritigenin is the main compound of Huanggin-Tang,
which is widely used to treat UC in China [47]. Also, liquiriti-
genin had a protective effect against colitis damage, and, in a
colitis mouse model treated with liquiritigenin, inflammatory
factor expression was significantly suppressed [48]. Another
key compound, naringenin, is a dihydroflavonoid with multi-
ple beneficial effects, such as antibacterial, anti-inflammato-
ry, antioxidant, and anti-tumor effects [49]. Al-Rejaie et al [50]
observed that naringenin protected UC by inhibiting inflam-
mation and oxidation biomarkers. These studies supported
our findings that these key compounds might play important
role in UC treatment.

The key genes identified in the PPl network were PRKCA,
NFKB1, ESR1, NTRK1, AKT1, PPARG, HDAC2, RXRA, ANXA1, and
VDR. NFKB1 is an inflammatory pathway gene and its poly-
morphism is associated with an increased risk of inflamma-
tory bowel disease [51,52]. ESR1, PPARG, and AKT1 were pre-
dicted targets of the Gegen-Qinlian decoction, which was used
in UC treatment [53], and these targets might be considered
as potential therapeutic targets for UC. Histone deacetylase
(HDAC) isoforms, such as HDAC2, appeared to be specifically
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involved in chronic intestinal inflammation [54]. HDAC inhib-
itors significantly suppressed the development of inflamma-
tion and tumors and might be useful in UC treatment [55].
RXRA played an important role in regulating inflammation in
acute colitis [56]. Intestinal VDR gene disruption affected phe-
notypic changes that might exacerbate inflammatory bowel
disease [57]. Furthermore, ANXA1 expression was upregulat-
ed in inflamed intestinal mucosal tissues and used as a poten-
tial biomarker for treating inflammatory bowel disease [58].
Taken together, these genes were mainly correlated with in-
flammation and may be potential targets of JYTD against UC.

Moreover, our study revealed that these genes were primar-
ily involved in the cellular response to lipids and the regula-
tion of lipid metabolic processes. Lipids play a vital role in the
pathogenesis and treatment of UC. Schneider et al [59] indi-
cated that lipids were applied to UC therapy, and phospho-
lipids had the potential to treat inflammatory bowel disease.
Moreover, Beloqui et al [60] showed that berberine could im-
prove colitis by inhibiting lipid peroxidation. Thus, we specu-
late that these targets may serve a role in UC treatment via
affecting lipid metabolism-related pathways.
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Molecular docking revealed the interaction between compounds
and targets in the pharmacological network. Results indicated
that stigmasterol bound to the active pockets of AKT1, NFKB1,
and ESR1 to form hydrogen bonds; protopine bound to the ac-
tive pockets of NTRK1; (+)-catechin was linked to PRKCA; glyc-
yrrhetinic acid bound to the active pocket of PPARG; and 18be-
ta-glycyrrhetinic acid and 18alpha-glycyrrhetinic acid bound to
the active pocket of PPARG. AndUjar et al [61] found that cat-
echin, as a major phenolic, had anti-inflammatory properties
against UC in mice. As a parent constituent of Gegen-Qinlian
decoction, glycyrrhetinic acid was effective against inflamma-
tory intestinal diseases such as UC [62]. These results suggest-
ed that active JYTD compounds could effectively treat UC by
binding core genes.

Further, meta-analysis systematically collected the available
data and measured the current clinical evidence supporting
the efficacy of JYTD in providing benefits in UC treatment.
Unfortunately, only a few studies reported the direct relation-
ship between JYTD and UC. Nevertheless, JYTD was derived
from the basis of “Tao Hua decoction”; therefore, we used “Tao
Hua decoction and UC” as keywords to screen relevant stud-
ies. Finally, 6 RCTs were included, and from these, the TCMs
in the experimental group included “Tao Hua decoction” and
“Shenling Baizhu powder combined with Tao Hua decoction”.
Although the meta-analysis did not include a JYTD-related
study, the key herbs in these 2 TCMs were all contained in
JYTD, such as DS, BZ, HQ, CSZ, GJ, and JM. Meta-analysis re-
sults revealed that these TCMs based on the Tao Hua decoc-
tion could significantly improve the therapeutic effect of UC.
Importantly, there was no significant heterogeneity among
included studies; thus, the studies had good consistency and
the results were reliable. These results provide a clue for fur-
ther research related to JYTD-based therapy in UC treatment.

Notably, there are limitations in the current study. First, not all
compounds from JYTD, such as JM, are identified in the TCMSP
database, and therefore several key compounds and their tar-
gets may be missing. Second, all targets are obtained via pre-
dicting, and molecular docking analysis can only reveal the
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binding between compounds and targets, while it cannot re-
flect whether gene expression is inhibited or promoted. Third,
the dose effect is very important in the clinic, and the network
pharmacology approach cannot offer dose-effect outcomes.
Fourth, gut microbiota can transform drugs and herbal com-
pounds and impact their efficacy and toxicity [63]; however,
network pharmacology cannot accurately predict the effects
of drugs on the gut microbiota. Moreover, the function of gut
microbiota varies from person to person, and thus personal-
ized research is required to reveal a drug response in depth.
Finally, although a meta-analysis was used to verify the phar-
macological results, the number of included studies as well as
their sample sizes were small, and few studies directly report-
ed the role of JYTD in UC. In addition, the biological function
of identified targets and compounds has not been explored.
Therefore, in vivo experiments and clinical trials should be per-
formed to validate our findings.

Conclusions

In conclusion, network pharmacological analysis and meta-anal-
ysis revealed that JYTD had therapeutic effects on patients with
UC partly by regulating multiple compounds, targets, and lipid
metabolism-related pathways. Meanwhile, molecular docking
results further revealed that several JYTD compounds exhib-
ited a good affinity for their core targets. Our study provides
a new perspective for further elucidating the mechanisms of
JYTD in UC treatment.
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Supplementary Figure 1. The flow chart of this analysis.
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