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Renshen Baidu powder protects
ulcerative colitis via inhibiting the

PI3K/Akt/NF-xB signaling
pathway

Zhen Ye', Yuzheng Li*, Yingqi She!, Mingquan Wu?, Yu Hu?,
Kaihua Qin?, Linzhen Li*, Han Yu?, Qian Zhao?, Zhao Jin?,
Fating Lu™* and Qiaobo Ye'*

School of Basic Medical Sciences, Chengdu University of Traditional Chinese Medicine, Chengdu,
China, 2Department of Pharmacy, Sichuan Orthopedic Hospital, Chengdu, China, *Health Preservation
and Rehabilitation College, Chengdu University of Traditional Chinese Medicine, Chengdu, China

Ulcerative colitis is a chronic and relapsing inflammatory bowel disease without
satisfactory therapy available recently. Renshen Baidu powder (RSBDP) is a
classic Chinese medicinal formula used since Chinese Song dynasty and has
been proven as an effective treatment of ulcerative colitis in clinics. However,
the active ingredients and the molecular mechanism have not been fully
disclosed. It is imperative to explore the active ingredients and the
mechanism of RSBDP. In this study, the potential active components for
ulcerative colitis treatment in RSBDP were determined and predicted
in silicon, and its molecular mechanisms were also presented, in which the
PI3K/Akt/NF-kB signaling pathway was recognized to be vital. Basically, the
pharmacodynamics and mechanistic studies of RSBDP for ulcerative colitis
were implemented on TNBS-induced experimental rats. The results showed
that RSBDP could ameliorate the disease activity index and colon weight, as well
as improve colonic shortening and colon histology. In addition, the tumor
necrosis factor-a (TNF-a), diamine oxidase, intercellular adhesion molecule-1,
and endotoxin in serum were also reduced. It is worth mentioning that the PI3K/
Akt/NF-xB signaling pathway was inhibited after RSBDP administration via
inhibiting the phosphorylation of proteins. In conclusion, RSBDP effectively
ameliorates TNBS-induced colitis rats by inhibiting the PI3K/Akt/NF-xB
signaling pathway.
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1 Introduction

Ulcerative colitis (UC) is a recurring, chronic immunological illness, which is
classified as a subtype of inflammatory bowel disease (IBD). This disease is directly
related to the major changes in human society, transportation, diet, agriculture,
manufacturing, and urbanization that occurred in Europe throughout the 19th
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century as a result of industrialization (Kaplan, 2015).
Industrialized regions such as Europe, North America, and
Oceania have historically maintained a high rate of incidence
and prevalence. Global industrialization and urbanization
accelerated the pace of expansion of IBD incidence in newly
industrializing regions (Ordas et al., 2012; Kaplan and Ng, 2016).
In 2011, the average incidence of IBD in Asia was 1.4 per 100,000.
In the recent decade, the incidence of IBD has risen considerably
in Asia. In addition, the incidence of UC is twice as high as that of
Crohn’s disease in Asia. At the same time, experts believe that the
prevalence of UC has not improved due to the absence of an ideal
cure. In addition, the development of global aging society causes
those elderly patients to be the largest growing group of IBD
patients (Faye and Colombel, 2022). Kaplan and Windsor
believed that the number of elderly IBD patients will increase
in the next decade (Windsor and Kaplan, 2019). The severe
condition demonstrates that UC is a significant public health
problem that has imposed a significant economic and health
burden on the international society. The pathological injury of
UC mainly involves the mucosal and submucosal layers of the
colon. The lesions mostly involve the rectum and extend
proximally to the colon, while a small proportion of severe
UC or fulminant UC may present with penetrating injury and
pathological injury to the whole intestinal segment. An
abnormally hyperactive immune response is thought to be one
of the major pathological mechanisms of UC. Based on the
characteristics of the disease, the current clinical first-line
therapies include aminosalicylates (5-ASA), corticosteroids,
(e.g.
treatment. However, most limits have been pointed out.
Furthermore, 5-ASA is beneficial to mild to moderate UC but
ineffective to severe UC. Meanwhile,

immunosuppressants thiopurines), and  surgical

corticosteroids are
considered to lack long-term efficacy and safety (Ko et al,
2019). Immunosuppressants are thought to increase the risk
of infection. Also, Windsor et al. (2013) mentioned that
surgery could delay the progression to some extent, but the
prognosis of surgery still carries the risk of colon cancer
(Windsor et al, 2013). In essence, satisfactory therapy
remains an enigma. There is an urgent need for the
development of more safe and effective therapy solutions.

The Renshen Baidu powder (RSBDP) composed of Panax
ginseng C. A. Mey. (Renshen, RS), Poria cocos (Schw.) Wolf
(Fuling, FL), Glycyrrhiza uralensis Fisch. ex DC. (Gancao, GC),
Citrus x aurantium L. (Zhigiao, ZQ), Platycodon grandiflorus
(Jacq.) A. DC. (Jiegeng, JG), Bupleurum chinense DC. (Chaihu,
CH), Kitagawia praeruptora (Dunn) Pimenov (Qianhu, QHI),
Hansenia weberbaueriana (Fedde ex H.Wolff) Pimenov &
Kljuykov (Qianghuo, QH2), Angelica biserrata (RH. Shan &
C.Q. Yuan) C.Q. Yuan & R.H. Shan (Duhuo, DH), and
Conioselinum anthriscoides “Chuanxiong” (Chuanxiong, CX)
was first documented in Beneficial Formulas from the Taiping
Imperial Pharmacy (Tai Ping Hui Min Hé Ji Jii Fang). This
classical medicinal formula embodies the traditional Chinese
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treatment method of “rowing the boat against the stream”. By
using eliminating pathogenic medicinals, the directed pathogens
that cause intestinal diseases are dispelled from the superficial
intestinal level, as if pulling a boat upstream (Xu et al., 2021). The
medicinal formula has been widely applied to treat patterns of
dysentery caused by external pathogens that have penetrated the
interior. Research showed that RSBDP has anti-inflammatory,
anti-infective, and mucosal healing properties. This medicinal
formula has been widely applied to gastrointestinal diseases in
clinical practices. According to the article from Zhou et al.
(2014), the total efficacy rate of RSBDP treating irritable
bowel syndrome clinically reached 84.9% (Zhou et al., 2014).
RSBDP was inhibit 2,4,6-
trinitrobenzene sulfonic acid (TNBS)-induced colitis in rats
by downregulating IL-1, IL-6, TNF-a, and IFN-y; upregulating
colonic mucosal occludin, claudin-5, and ZO-1 mRNA protein

Meanwhile, demonstrated to

expression; and promoting the repair of tight junction protein
colonic epithelium (Xiong et al., 2021). However, the deeper
process of RSBDP inhibiting colon inflammatory activity has not
been explicitly characterized or indicated. Meanwhile, the multi-
component and multi-target mechanisms of RSBDP on UC have
not been fully revealed.

Network analysis has the advantage of integrating multi-
component and multi-target data. This method can explore the
network regulation mechanism of multiple compounds and
multiple targets (Zhang et al, 2019). The method can reveal
the importance of medicinals combination of RSBDP for UC and
give some purposeful research evidences rapidly. Meanwhile, the
combination of the network analysis and animal experiment
validation can provide a comprehensive evidence chain of
RSBDP for UC. Therefore, this study aims to reveal a
molecule-target network regulation mechanism of RSBDP on
UC using the network analysis and biological investigation. More
importantly, this study provides the basic evidence for a clinical
protocol.

2 Materials and methods

2.1 Network construction of Renshen
Baidu powder putative target and the
ulcerative colitis gene

The corresponding targets of RSBDP were obtained through
target prediction and functional analyses of TCM (including
medicinal formulas) using the Integrative Pharmacology-based
Research Platform of Traditional Chinese Medicine (TCMIP
V2.0 http://www.tcmip.cn/TCMIP/index.php) database, which
is based on ETCM, an Encyclopedia of Traditional Chinese
Medicine (http://www.nrc.ac.cn:9090/ETCM/) (Xu et al., 2017;
Xu et al, 2019). The search object was limited to Chinese
medicine, and the keywords were “Renshen,” “Fuling,”
“Tiegeng,”  “Chaihu,”  “Qianhu,”

“Gancao,”  “Zhiqiao,”
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“Qianghuo,” “Duhuo,” and “Chuanxiong.” The principle
underlying target prediction uses MedChem Studio (version 3.
0) software to search the DrugBank database for structural
the of
chemical components and the certified drug (Approved),

similarities between two-dimensional  structures
followed by scoring the similarity using the Tanimoto
coefficient. When the similarity score was > 0.8 (moderate to
high similarity), the potential targets for the RSBDP were
obtained.

To investigate the relationship between RSBDP putative
targets and ulcerative colitis genes, a list of ulcerative
colitis-related genes were also collected from the disease-
related gene database of TCMIP, which integrates Human
Phenotype Ontology (HPO, https://hpo.jax.org/app/), Online
Mendelian Inheritance in Man (OMIM, https://www.omim.
org/), Therapeutic Target Database (TTD, http://db.idrblab.
net/ttd/), DrugBank (https://go.drugbank.com/), DisGeNET
(https://www.disgenet.org/), and Orphanet (https://www.orpha.
net/consor/cgibin/index.php). The keyword for ulcerative colitis
An interaction network of RSBDP

and ulcerative

was “ulcerative colitis”.

putative target colitis-related gene was
constructed based on the links among the two gene sets using
the TCM Association Network Mining (TCMNM) module of
TCMIP, which directly exhibits the major hub network
according to three topological features of each node gene,

including “degree,” “betweenness,” and “closeness”.

2.2 Network visualization and functional
enrichment analysis

To better exhibit the common targets among RSBDP and
UG, a Venn diagram was prepared using the software Tbtools
(Chen et al., 2020). Also, to better display the interactions of the
major hubs, network visualization was performed using
Cytoscape 3.8.0. The biological functions and participated
pathways of the major hubs were investigated by TCMIP
V2.0, which is according to the Gene Ontology (GO) and the
Reactome pathway (https://reactome.org/) (Xu et al., 2019).

2.3 Preparation and identification of the
primary compounds of Renshen Baidu
powder

RSBDP, composed of Panax ginseng C. A. Mey. (Araliaceae;
Panax ginseng radix et rhizoma] (Renshen, RS), Poria cocos
(Schw.) Wolf (Polyporaceae; Poria cocos radix et rhizoma)
(Fuling, FL), Glycyrrhiza uralensis Fisch. ex DC. (Fabaceae;
Glycyrrhiza uralensis sclerotia) (Gancao, GC), Citrus x
aurantium L. (Fabaceae; Citrus x aurantium fruit) (Zhiqiao,
ZQ), Platycodon grandiflorus (Jacq.) A. DC.
(Jiegeng, JG), Bupleurum

(Fabaceae;
Platycodon  grandiflorus radix)
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chinense DC. (Apiaceae; Bupleurum chinense radix) (Chaihu,
CH), Kitagawia praeruptora (Dunn) Pimenov (Apiaceae;
Kitagawia praeruptora radix) (Qianhu, QHI), Hansenia
weberbaueriana (Fedde ex H. Wolff) Pimenov & Kljuykov
(Apiaceae; Hansenia weberbaueriana radix et rhizoma)
(Qianghuo, QH2), Angelica biserrata (RH. Shan & C.Q.
Yuan) C.Q. Yuan & R.H. Shan (Apiaceae; Angelica biserrata

radix) (Duhuo, DH), and Conioselinum anthriscoides
“Chuanxiong”  (Apiaceae;  Conioselinum  anthriscoides
“Chuanxiong” rhizoma) (Chuanxiong, CX), was purchased

from Sichuan Xinhehua Traditional Chinese Medicine Co.,
Ltd. Material authentication for TCM
carried out by Prof. Wei Liu of Chengdu University of
Traditional Chinese Medicine. The voucher specimen (No.
20210305-1 for Panax ginseng C. A. Mey., No. 20210305-2 for
Poria cocos (Schw.) Wolf, No. 20210305-3 for Glycyrrhiza
ex DC., No. 20210305-4 for Citrus x
aurantium L., No. 20210305-5 for Platycodon grandiflorum
(Jacq.) A. DC., No. 20210305-6 for Bupleurum chinense DC.,
No. 20210305-7 for Kitagawia praeruptora (Dunn) Pimenov, No.
20210305-8 for Hansenia weberbaueriana (Fedde ex H. Wolff)
Pimenov & Kljuykov, No. 20210305-9 for Angelica biserrata
(RH. Shan & C.Q. Yuan) C.Q. Yuan & R.H. Shan, and No.
20210305-10 for Conioselinum anthriscoides “Chuanxiong”) was

identification was

uralensis Fisch.

deposited by Qiaobo Ye at the Institute of Basic Research in
Clinical Medicine of Chengdu University of Traditional Chinese
Medicine (Chengdu, China). RS, FL, GC, ZQ, JG, CH, QHI,
QH2, DH, and CX were mixed at a 5:5:3:5:5:5:5:5:5:5 ratio to
obtain 1,440 g of raw materials. Medicinal materials were
immersed in 11,520 ml of distilled water for 1 h, boiled with a
high heat until boiling and turned into a low heat for 30 min, and
then filtered with a 400 mesh filter cloth. Herb residues were
again soaked in 11,520 ml water, boiled for 1 h, and filtered again.
Both filtered decoctions were combined and concentrated with
rotary evaporation at 60-80°C. After evaporation, 1440 ml of
extract was obtained, where 1 ml of the extract contained 1 g of
the raw materials, and it was stored at 4°C. The requirements
considered relevant in recent best practice guidelines for
pharmacological studies of natural products have been taken
into account (Heinrich et al., 2020). Waters Acquity UPLCTM
ultra-high performance liquid chromatography was used for
identifying compounds’ composition of RSBDP. The mass
spectrum of RSBDP is shown in Figure 1, and the
identification of chemical compounds in RSBDP by UPLC-Q-
TOF/MS is shown in Supplementary Table S1. The Traditional
Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP) was used to obtain oral bioavailability (OB)
and drug-likeness (DL) of the compounds (Ru et al., 2014). The
test solution was centrifuged at 13000 rpm for 15 min, and the
supernatant was taken and filtered through a 0.22-pum
microporous membrane. Waters Acquity UPLCTM ultra-
performance liquid chromatography was selected, including a
quaternary solvent management system, sample management

frontiersin.org
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FIGURE 1
Base peak ion chromatograms of water extracts of RSBDP.
system, PDA detector, and empower chromatographic time (Scan time): 0.3s, scanning interval (Interscan time):

workstation (Waters, United States). The Q-TOF analyzer of
the SYNAPT G2 HDMS system, ESI interface, and data
processing system for MarkerLynx 4.1 workstation were used
(American Waters Company). Sorvall Legend Micro 17 high-
speed centrifuge (Thermo Fisher Scientific, United States),
BT125D 100,000th electronic balance (Sartorius, Germany),
KQ-500E ultrasonic cleaner (Jiangsu Kunshan Ultrasonic
Instrument Co., Ltd.), microfluidic gun (Thermo Scientific,
United States), and chromatographic column: Acquity UPLCR
BEH C18 (2.1 mm x 100 mm, 1.7 um) column were utilized. The
mobile phase was 0.1% formic acid water (A) and 0.1% formic

!, column

acid in acetonitrile (B), flow rate was 0.4 ml-min~
temperature was 40°C, and injection volume was 1 pl. The
gradient elution program is as follows: 0-3min 95% A,
3-30 min 74% A, 30-35min 72% A, and 35-50 min 62% A.
Mass spectrometry wad performed using the Waters SYNAPT
G2 HDMS system. Nitrogen was used as atomization and cone-
hole gas; source temperature (Source temperature): 150°C,
flow): 50 L/h,

desolvation temperature (Desolvation temperature): 450°C,

reverse cone-hole gas flow (Cone gas
desolvation gas flow (Desolvation gas flow): 800L/h, sample
40V,
(Extraction cone): 4V, capillary voltage (Capillary voltage):

positive mode 3.0kV and negative mode 2.5kV, scanning

cone voltage (Sampling): extraction cone voltage
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0.02's, mass-to-charge ratio: m/z 100-1700 Da, and locking
mass number (leucine enkephalin): positive ion mode: m/z
556.2771 (M + H)+ and negative ion mode: m/z 554.
2615 (M-H]-.

2.4 Animal experiment

A total of 72 SD male rats weighing 180-220 g were purchased
from Dashuo (Dashuo Co., Chengdu, Sichuan, China). Before the
experiment, rats were fed adaptively for 7 days in the environment of
room temperature 20-23°C, humidity 50%-60%, and natural dark
cycle. Rats were randomly divided into a normal control group,
model group, positive drug sulfasalazine control group (SASP),
high-dose RSBDP group (RSBDPH), medium-dose RSBDP
group (RSBDPM), and low-dose RSBDP group (RSBDPL), with
six rats in each group. During the study, laboratory animals were
provided with food and water ad libitum. These rats were placed in
the Laboratory Animal Research Center of Chengdu University of
Traditional Chinese Medicine approved by Sichuan Laboratory
Animal Care Certification Association. Dosage of RSBDP and
SASP were determined based on the conversions from clinical
adult dosages. The dosage of RSBDP for adult was 96 g (the total
raw materials)/day; equivalently, the dosage for rat was 9.87 mg/kg/

frontiersin.org
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FIGURE 2
Scheme of the present study.

day calculated by the formula that converts dosage of human into
that of rat according to the respective body surface areas in
accordance with the Research Methods in Pharmacology Chinese
Materia Medica (Chen et al., 2011). Therefore, this study set 4.93,
9.87,and 19.74 g/kg/day RSBDP as the low, middle, and high dose in
rats, respectively. The dose of the sulfasalazine group was
360 mg/kg/day. Except for the normal control and the model
groups, all rats were pre-treated after adaptive feeding for 7 days.
Except for the normal control group, all rats were anesthetized by
Zoletil (Virbac SA Co., Carros, France) on the 15th day with 5%
TNBS (Sigma Chemical Co., St. Louis, MO, United States) mixture
(5% TNBS solution and 95% ethanol solution were mixed at a ratio
of 1:1). The model was established by enema according to 100 mg/kg
weight and then fed normally. The rats were fasted 36 h prior to
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model establishment without water deprivation. Consolidate on the
fourth day of the modeling. The rats were anesthetized, and the hose
was slowly pierced into the anus and TNBS was injected, while the
control group was injected with the same amount of 9% sodium
chloride solution. Take a low head and high tail position during the
injection, and keep 15-30 min in this position. After the model was
established, the rats lay flat and awake naturally, and then were fed
routinely. Dosing cycle lasted 7 days. The control group and model
group rats were given the same amount of 0.9% sodium chloride
solution. The experimental period was of 22 days; after 23rd day, all
rats were sacrificed, and blood and colon samples were taken. The
body weight, stool characteristics, and fecal blood score of rats were
recorded daily, and the DAI (disease activity index) was performed
during the experiment (Figure 2).
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2.5 Evaluation of disease activity index

Colitis was quantified based on DAI scores of body weight,
stool consistency, and gross bleeding. DAI scoring details are
shown in Supplementary Table S2. In brief, an investigator
complying with the protocol recorded and scored the changes
in weight, hemoccult positivity or gross bleeding, and stool
consistency according to the previous report.

2.6 Histopathology

The colon tissue of rats was immediately dissected out and
the length was measured with a ruler. After that, the tissue was
processed in the form of Swiss rolls, fixed with 4%
paraformaldehyde, and followed by gradient ethanol
dehydration, xylene transparency, paraffin embedding, tissue
sectioning, and HE staining. Then the pathological damage of

the colon tissue was observed under light microscopy.

2.7 Enzyme-linked immunosorbent assay

After being treated with RSBDP, whole bloods samples were
collected from blood circumcision after reperfusion. Immediately,
blood samples were centrifuged at 12,000 g for 10 min at 4°C, and
then the supernatant was collected for measurement at —20°C. The
levels of tumor necrosis factor-a (TNF-a), intercellular adhesion
molecule-1 (ICAM-1), endotoxin (ET), and DAO were detected
with corresponding ELISA kits (Jiangsu Jingmei Biotechnology
company, China). The whole experiment procedure was carried
out according to the operational protocol.

2.8 Real-time PCR analysis

Total RNA of colon was obtained according to the RNAiso Plus
reagent (9109, Takara, China) instructions. cDNA was synthesized
according to the instruction of Transcriptor First Strand cDNA
Kit (04,897,030,001, Roche,
transcription was performed at 55°C for 30 min in a mixture

Synthesis German). Reverse
containing control RNA, anchored-oligo (dT)18 primer, RNase
Free dH20 (RT-121, Tiangen Biotech, China), transcriptor
reverse transcriptase reaction buffer, protector RNase inhibitor,
deoxynucleotide mix, and transcriptor reverse transcriptase. The
mixture was heated at 85°C for 5min to inactivate the reverse
transcriptase to obtain cDNA. Real-time PCR was performed using
the Stormstar SYBRGreen gPCR Master Mix (DBI-2143, DBI
Bioscience, Germany) and detected by CFX96 with a 20ul
system (BioRad, United States). The primer sequences were 5'-
TGGACGATCTGTTTCCCCTC-3’/5'-CCCTCGCACTTGTAA
CGGAA-3' for NF-kB, 5'-GCAGGAGTGTTGGTGACTGA-3’/
5'-CTGAGGCATCTCTTGGGTGG-3' for IkB, 5'-CAGACG
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GAGTTTGGCATCAC-3"/5'-TCGGGCTCCTCTGTAGGTC-3’
for IKKB, 5'-TACGGTGCGGAGATTGTGTC-3’/5'-GCACC
GTCCTTGATACCCTC-3'for Akt, and 5'-ACTGTATTTGTG
GGAGCGGT-3"/5'-CGCAAGAAAGATGCCTTGTGT-3’
for PI3K.

2.9 Western blot analysis

The protein sample was added to the corresponding
proportion of the SDS gel loading buffer and boiled for 5 min.
After SDS-PAGE and transferring the protein on the membranes,
the membranes was blocked with 5% skim milk in the PBST
buffer at room temperature for 1 h and washed with PBST three
times. Then B-actin, PI3K, Akt, NF-kB, p-Akt (B-Actin (13E5)
Rabbit mAb #4970, #4257, #4691, #8242, and #13038, Cell
Signaling Technology, Danvers, MA, United States), p-PI3K,
and p-NF-«kB (ab182651, EP2294Y, Abcam, Cambridge, MA,
United States) (1:500) primary antibodies were added, and the
membranes were incubated overnight at 4°C, washed three times
with PBST, and incubated in the corresponding secondary
antibodies linked with HRP (anti-rabbit IgG, HRP-linked
antibody #7074). Then on the membranes were added radish
peroxidase and incubated for 1h at room temperature. The
membranes were washed three times, and ECL was used. All
intensities of the protein bands were detected by the
ChemiDOCTM MP-imaging system; the gel imaging system
was photographed, and the Image] (National Institutes of
Health, Bethesda, MA, United States) was used to analyze the
gray value.

2.10 Statistical analysis

Data were expressed as mean + standard error of the mean
(X + SEM). GraphPad Prism 9 was used for the statistical analysis,
while one-way analysis of variance was used for comparison
between groups. The difference was statistically significant at
p < 0.05. All data were plotted by using GraphPad Prism 9.

3 Results

3.1 Putative targets of ulcerative colitis
treated by Renshen Baidu powder

A total of 981 putative targets were predicated through the
TCM Target Prediction and Function Analysis Module of
TCMIP. The putative targets amount of RS, QH1, CX, ZQ,
CH, JG, DH, GC, QH2, and FL were 823, 57, 221, 162, 232,
80, 88, 196, 206, and 186, respectively (Supplementary Table S3).
Interestingly, these 10 medicinals share several putative targets
according to the prediction, the

indicating potential
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Putative targets of RSBDP on UC. (A) UpSetR plots depicting the number of unique and shared differentially putative targets among every
medicinals. The top number above each bar represents the number of putative targets that are unique to each medicinal combination. The medicinal
combination is indicated by linked dots below the x-axis. In addition, the flower plot shows number of unique putative targets (in the petals) and
common putative targets for all medicinals (in the center); (B) Venn diagram of RSBDP putative targets and known UC-related genes.

medicinal-medicinal interactions through their shared targets
(Figure 3A). Also, according to the disease-related gene database
in TCMIP, the present study identified 22 UC-related genes
(Supplementary Table S4). There are seven shared targets
between UC and RSBDP (Figure 3B), indicating that these
targets may be the possible effects targets.

3.2 Major mechanisms of Renshen Baidu
powder on ulcerative colitis

To illustrate the major mechanism of RSBDP in the treatment of
UC, an interaction network of medicine-target-disease was
constructed based on the interactions among two gene sets via
the TCM Association Network Mining module of TCMIP, and the
topological network features were calculated automatically by
TCMIP (nodes’” information are provided in the Supplementary
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Table S5). To determine the hub nodes, which may have high values
and perform essential functions, the values of the nodes were
calculated within the putative RSBDP target and UC-related gene
interaction network. Consequently, 45 hub notes were screened in
the network, and their degree, betweenness, and closeness are greater
than the median of the corresponding feature values of all nodes.
The multidimensional network of active ingredients of medicinals,
corresponding 45 key targets, and 27 pathways was constructed
(Figure 4).

3.3 Gene ontology enrichment and
reactome pathway analysis

A total of 187 GO enrichment entries were obtained,
including 104 biological processes (BP), 51 molecular

functions (MF), and 32 cell compositions (CC). The
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Correlation among the chemical components, candidate targets, and involved pathways of RSBDP. Hexagon nodes refer to medicinals, circular
nodes refer to the major constituents in the 10 medicinals, diamond nodes refer to putative targets, and triangle nodes refer to the putative gene
enrichment pathways.

visualization results of significantly enriched top 20 are shown in pathway, which is highly associated with the treatment of
Figure 5. BP is mainly enriched in the response to cytokine, RSBDP.

response to hydrogen peroxide, positive regulation of cellular

protein metabolic process, Fc-epsilon receptor signaling

pathway, and response to muscle stretch. MF is mainly 3.4 Experimental validation

enriched in phosphotyrosine residue binding, protein-

containing complex binding, protein phosphatase binding, 3.4.1 The effect of Renshen Baidu powder on
steroid binding, and adrenergic receptor activity. CC is mainly ulcerative colitis
enriched in dendrite, receptor complex, spindle, axon, and The disease activity index (DAI) of the model group was
intracellular components. significantly increased after TNBS administration (Figure 7A).
In total, 34 signaling pathways were screened (p < 0.05) by The daily activity of rats in the model group decreased,
using the Reactome pathway database, and the visualization appetite decreased, and hair color faded, accompanied with
results of top 20 with significant enrichment are provided weight loss and loose stool. Compared with the control group,
(Figure 6). The intervention effects mainly include the the DAI and weight of these rats was significantly decreased.
VEGFR2-mediated vascular permeability pathway, TRAF6- The symptoms of the RSBDP group and the sulphasalazine
mediated NF-kB activation pathway, and CD28-dependent group were milder than those of the model group. Moreover,
PI3K/Akt signaling pathway; PI5P, PP2A, and IER3 regulate the colon weight and colon length of the model group were
the PI3K/Akt signaling pathway and the nuclear receptor significantly  different from those of the control
transcription pathway. Following the Reactome pathway group. Compared with the control group, the colon weight
analysis, we established that PI3K/Akt/NF-kB is a crucial of the model group was significantly increased, and the colon
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FIGURE 5

GO enrichment analysis (molecular function, cellular component, and biological process) of key effect genes of RSBDP on UC.

length was considerably shortened. Compared with the model
group, the colon weight of rats in the RSBDP treatment group
was significantly decreased, and the improvement was the
most obvious in the medium-dose RSBDP group. TNBS led to
shortened colon, and RSBDP treatment improved this
phenomenon during the progression of colitis. The colon
length of the RSBDP medium-dose group and RSBDP low-dose
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group was longer than that of the control group, and the
improvement of the RSBDP high-dose group was the most
obvious (Figures 7B,C).

3.4.2 Histological observation and evaluation

A histological analysis was performed to estimate the extent of
damage to colon tissues. HE staining of the control group displayed
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FIGURE 6
Reactome pathway analysis of key targets.

intact surface epithelium, crypt, muscularis mucosa, and submucosa.
In contrast, the histological analysis of distal colon of TNBS-treated
rats showed significant mucosal ulceration and crypt destruction,
accompanied by extensive involvement of mucosal and submucosal
inflammatory cell infiltration. The treatment of RSBDP and
sulphasalazine treatment groups alleviated intestinal wall ulcers,
inflammatory cell infiltration, and crypt damage to varying
degrees. Among them, the RSBDP low-dose group had the best
protective effect on colon tissue damage. With the increase of the
RSBDP dose, colon tissue damage did not decrease but increased
(Figure 8). This may be related to the accumulation of the toxicity of
traditional Chinese medicine (Zhang and Feng, 2019).

3.4.3 Effect of trinitrobenzene sulfonic
acid—induced pathological products

Inflammation is an integral part of UC-associated intestinal
damage. Therefore, whether excessive inflammation occurred is
the first to determine. First, the levels of inflammatory factors
TNF-a in blood was detected (Figure 9A). Compared with the
control group, the level of TNF-a production in the TNBS-
induced colitis group was significantly increased, but this
pathogenically increase were reversed by the treatment of
RSBDP. This result demonstrated that RSBDP reverses the
level of pro-inflammatory cytokine in colitis.

The accumulation of neutrophils is one of the most prominent
histological features of the injured colon (Bradley et al., 1982). The
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presence of neutrophils within crypts and the mucosal layer of the
colon are directly related to disease activity in UC (Nakajima et al,
1995; Naito et al., 2007). Adhesion molecules, including intercellular
adhesion molecule-1 (ICAM-1), play a crucial role in the extravasation
of neutrophils and adhesion from vascular lumen to inflammatory
areas. Compared with the control group, the level of ICAM-1
production in the RSBDP treatment group was decreased and that
in the low-dose group was significantly decreased (Figure 9B).

A healthy intestinal barrier can protect endotoxin (ET) from
entering the blood circulation, while a dysfunctional intestinal barrier
cannot prevent ET from entering the blood circulation through the
intestinal mucosa, resulting in endotoxemia (van Deventer et al,
1988; Gardiner et al,, 1995). Diamine oxidase (DAO) exists in the
mucosa or villi of mammals, usually abundant in intestinal mucosa,
kidney, and placental tissues, but rarely in serum (Honzawa et al,
2011). After intestinal mucosal epithelial damage, the cytoplasm
DAO can be released into blood circulation (Fogel and Lewinski,
2006; Honzawa et al., 2011). Therefore, the serum ET level and DAO
activity are ideal indicators to reflect the structure and function of the
intestinal mucosa. Compared with the control group, the ET and
serum DAO levels in the model group were significantly increased.
Compared with the model group, the levels of DAO and ET in the
RSBDP treatment group were decreased. Among them, RSBDP low-
dose group had more obvious regulation on the ET level, while the
high-dose group had more obvious regulation on the serum DAO
level (Figures 9C,D).
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FIGURE 8

Representative H&E staining slices from colorectal sections, original magnification x200. (A) Control group; (B) model group; (C) sulfasalazine
group; (D-F). RSBDPL, RSBDPM, REBDPH groups.
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FIGURE 9

Effect of pathological products and PI3k, Akt, IKK, kB, and NF-kB mRNA expressions in the colons of TNBS-induced colitis rats. (A) TNF-a; (B)
ICAB-1; (C) ET; (D) DAO; (E) PI3K; (F) Akt; (G) NF-xB; (H) IKKB; (I) IxB. Data are presented as X+ SEM (n = 6). #p < 0.05 and ##p < 0.01 versus control
group; *p < 0.05 and **p < 0.01 versus model group; Ap < 0.05 and AAp < 0.01 versus RSBDP low-dose group.

3.4.4 The effect of Renshen Baidu powder on the
P13k/Akt/NF-«xB signaling pathway

The signaling pathway-related genes and proteins were
investigated to further characterize the anti-inflammatory
mechanism of RSBDP by activating the PI3K/Akt/NF-kB
signaling pathway via PCR and Western blot analysis. The
mRNA expression of PI3K and NF-kB in the model group was
upregulated while that of Akt and IxB was downregulated (Figures
9E-I). Nevertheless, the changes in the four groups were not
significant. Compared with the control group, the transcription
of IKKp [IKKP is a subunit of the IKK complex, which can represent
IKK (Flores et al, 2017)] in the model group was significantly
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increased. RSBDP significantly inhibited the mRNA expression of
IKK and upregulated mRNA expression of IkB considerably.
Moreover, the effect on the low-dose RSBDP group was more
prominent than other groups. A Western blot analysis showed
that compared with the control group, the total protein expressions
of PI3K, Akt, and NF-kB in the rats from the model group showed
no significant changes (Figures 10B,D,F). In addition, the contents of
p-PI3K, p-Akt, and p-NF-kB were significantly increased (Figures
10CE,G). Compared with the model group, the RSBDP high-,
medium-, and low-dose groups could substantially reduce the
expression of p-PI3K, p-Akt, and p-NF-xB proteins (Figures
10C,E,G). The results demonstrated that RSBDP can inhibit the
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FIGURE 10

Effects of RSBDP on the expression of the PI3K/Akt/NF-«B signaling pa

thway—related proteins in TNBS-induced colitis rats (A). The blot of PI3K,

p-PI3K, Akt, p-Akt, NF-kB, and p-NF-«B. (B) PI3K; (C) p-PI3K; (D) Akt; (E) p-Akt; (F) NF-kB; (G) p-NF-«B. Data are presented as X+ SEM. #p < 0.05 and
##p < 0.01 versus control group; *p < 0.05 and **p < 0.01 versus model group.

PI3K/Akt/NF-kB
suppression and downregulation of activating factor IKK.

signaling pathway from phosphorylation

4 Discussion

UC is a subtype of IBD characterized by widespread

colonic mucosal inflammation (Ordés et al.,, 2012). Due to

Frontiers in Pharmacology

the intricacy of the mechanism involved in the occurrence and
of UC, the
pharmacological treatment

development current single targeted

cannot achieve satisfactory
results, and the long-term application of the drugs will
result in certain side effects (Xiao et al., 2016; Eisenstein,
2018; Feuerstein et al., 2019). RSBDP is a well-known
traditional Chinese medicinal formula, which has been

proved to have a positive effect on UC (Xiong et al., 2021;
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FIGURE 11

Major pathways of RSBDP treating UC. In a PDK1-dependent way, activated PI3K stimulates Akt activation. IKK is a downstream signal
transduction pathway that can be regulated by activated Akt. The IKK complex is composed of the two catalytic subunits IKK-a and IKK-p and the
regulatory subunit IKK-y. The activated IKK phosphorylated its substrate IkB so that the NF-xB subunit p65 and p50 were transferred from cytoplasm
to nucleus to activate NF-xB. The activated NF-xB can promote pro-inflammatory cytokines and increase the levels of cytokines, such as IL-6

and TNF-a. In this research, RSBDP can inhibit the phosphorylation of PI3K, Akt, and NF-«B while upregulating the NF-kB inhibitor protein IkB and
downregulating the activator protein IKK, thus blocking the activation of the PI3K/Akt/NF-xB signaling pathway and treating UC.

Chen et al., 2019). However, the mechanisms of RSBDP
against inflammation has not been mentioned in depth.

In this study, RSBDP shows predominant treatment on
experimental colitis. In addition, network analysis results
suggest that RSBDP may act on the targets such as nuclear
receptor subfamily three group C member 1 (NR3C1), NF-kB
(NFKB1 and NFKB2), and ATPase Na+/K + transporting
subunit-a-1 (ATP1A1) through components such as caprylic
Acid, glycyrrhetinic acid, eburicoic acid, nodakenin, and
stigmasterol. Moreover, PI3K/Akt/NF-«B is considered to be a
significantly related signaling pathway. The PI3K/Akt signaling
pathway has been proved to increase B-catenin, resulting in the
distortion of the crypt structure in chronic ulcerative colitis (Lee
et al., 2010). NF-kB was reported that can attract to the iNOS
promoter in vivo via an IKKP-mediated pathway in UC
(Andresen et al., 2005). As a classical inflammatory pathway,
PI3K/Akt/NF-kB signaling pathway plays a critical role in the
(Bradley et al, 1982). PI3K can
phosphorylate Akt, hence activating NF-kB and increasing the

pathogenesis of UC
production of pro-inflammatory cytokines such as IL-6, IL-1,

and TNF-a. Therefore, PI3K, Akt, and NF-kB have been
identified as potential therapeutic targets. On the other hand,
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activated NF-kB can also promote the activation of the
NLRP3
inflammatory responses and mucosal damage (Kazi and Qian,
2009; Wu et al., 2013; Setia et al., 2014; Tian et al.,, 2016; Zhong
etal., 2016; Jeengar et al., 2017). Inhibition of PI3K/Akt signaling
pathway has been found in studies to reduce inflammatory cell

inflammatory body, resulting in a cascade of

damage, protect human intestinal cells, and hence treat UC (Qiao
et al,, 2018). Therefore, inhibition of PI3K/Akt/NF-«B signaling
pathway may be the key mechanism for RSBDP to attenuate the
inflammatory response of UC.

In order to clarify the chemical constituents of RSBDP
aqueous extract, the aqueous extract of RSBDP was subjected
to component analysis. The results indicated that the aqueous
Rf, Rg2,
notoginsenoside R2, and saikosaponin D, which were found to
be anti-inflammatory (Li et al., 2020; Zhu et al., 2021). Then, the
vivo experiment was conducted with SD rats to inhibit the PI3K/
Akt/NF-kB signaling pathway. First, RSBDP is capable of
that appeared in the model
group. Meanwhile, RSBDP can downregulate the level of TNF-

extract contained  ginsenoside ginsenoside

reversing the symptoms

a in peripheral blood, thereby inhibiting the inflammatory
response in peripheral blood. In addition, the expression levels
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TABLE 1 Compounds in mass spectrometry and the TCMIP analysis.

10.3389/fphar.2022.880589

No. RT Formula Molecular Addition Error Molecular Addition Error Compound  Source OB DL
(min) Weight mode in Weight mode in name (%)
ppm ppm
1 23.39 Cy7HgoO13 NA NA NA 977.5354 M + HCOO 34 Notoginsenoside RS 4.27 0.13
R1

2 24.8 CipH7Op 8234783 M + Na -4.5 845.4903 M + HCOO 0.5 Ginsenoside Rgl RS — —

3 24.98 CisHgO1s  969.5427 M + Na 2.9 991.5481 M + HCOO 0.3 Ginsenoside Re RS 427 012
4 32.32 CpH7»O0,  NA NA NA 845.4903 M + COO 0.5 Ginsenoside Rf RS 17.74 024
5 33.74 C4;1H79013 NA NA NA 815.4822 M + HCOO 3.6 Notoginsenoside RS 17.74  0.28

R2

6 35.67 CpH7»0;3  NA NA NA 829.4908 M + HCOO  -4.9 Ginsenoside Rg2 RS 832 025
7 37.47 CysH750,;, NA NA NA 925.5199 M-H 4.1 Saikosaponin ¢ CH 512 0.05
8 38.4 Cs4HoyO,3  NA NA NA 1153.5956 M + HCOO  -43 Ginsenoside Rb1 RS 624  0.04
9 39.39 CysHyOpo  979.4927 M + Na 5 955.4900 M-H -0.3 Ginsenoside Ro RS 198 0.05
10 39.71 Cs3HoOny  NA NA NA 1123.5884 M + COO ~14 Ginsenoside Rc RS 8.16  0.04
11 41.16 Cs3HoOn  NA NA NA 1123.5884 M + COO ~14 Ginsenoside Rb2 RS 6.02  0.04
12 42.09 CpHeOrs 8234076 M+ H -4.9 821.3920 M-H -12 Glycyrrhizic acid ~ GC 19.62 0.1
13 4376 CisHgO015  NA NA 2.9 991.5481 M + HCOO 0.3 Ginsenoside Rd RS — —

14 4556 CipHeOrs 8234076 M+ H -4.9 821.3920 M-H -12 Uralsaponin B GC 792 011
15 46.4 CipHeO13  NA NA NA 779.4589 M-H 0.6 Saikosaponin d ~ CH 3439 0.09

Retention time (RT); oral bioavailability (OB); drug-likeness (DL); not applicable (NA).

of ICAM-1, DAO, and ET in peripheral blood were decreased. All
these beneficial effects imply that RSBDP may be able to reduce
inflammation by inhibiting the recruitment of pro-inflammatory
cells while increasing intestinal permeability and therefore
ameliorating pathological injury, which is consistent with prior
research (Rana et al., 2014; Yan et al., 2020; Tatiya- Aphiradee et al.,
2021). RSBDP could inhibit the development and expansion of
ulcer foci in colon tissue, attenuate crypt damage, and alleviate
inflammatory cell infiltration, thereby improving UC pathological
injury. In addition, the therapeutic effect of RSBDPH is worse than
that of RSBDPM and RSBDPL groups. This appearance
demonstrates that other factors might influence the therapeutic
effect, which is needed to be further investigated. As noted in the
network analysis, proteins associated with PI3K/Akt/NF-«xB
signaling pathways were investigated. As described in the data,
the transcription of PI3K and Akt did not show significant
differences among the groups. Only low-dose RSBDP could
downregulated the expression of NF-kB mRNA. Thus, RSBDP
does not inhibit PI3K/Akt/NF-«B signaling pathway by interfering
with the process of mRNA transcription. It was also discovered
that although RSBDP had no effect on the total protein level of the
pathway, the formula inhibited the activation of the pathway by
inhibiting the phosphorylation of PI3K, Akt, and NF-«B.

Also, IkB, as an inhibitory protein of NF-kB, binds to the
active site of the NF-kB protein during NF-kB quiescence. IKK
protein moiety, as the activator of IkB, can enhance NF-«xB
phosphorylation by enabling IkB detachment from NF-kB
once it is phosphorylated. In this study, the transcription of
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IxB and IKK were also regulated by RSBDP. The data reflected
that RSBDP operated as an inhibitor of NF-kB activation by
increasing IkB expression and decreasing IKK expression. In
brief, RSBDP inhibited the phosphorylation of PI3K, Akt and
NF-«kB while decreasing IKK production and boosting IkB
(Figure 11). This appearance is consistent with the multi-
component and multi-target properties of RSBDP.

The therapeutic effect and mechanism of RSBDP aqueous
extracts are readily apparent. To determine the major active
components of RSBDP, the active ingredients extracted during
the network analysis were compared with the results of mass
spectrometry component analysis. The results indicated that only
those compounds that could not meet both OB and DL were
in both RSBDP aqueous and network
pharmacological analysis (Table 1). These compounds were all
from the three medicinals RS, CH, and GC, suggesting that RS,
CH, and GC may be the key medicinal on UC by RSBDP.
Ginsenosides such as Rbl, Rb2, R¢, Rd, Re, Rf, Rgl, and Ro
have been demonstrated

found extract

in studies to restore intestinal
microflora diversity and promote the reproduction of gut
probiotics such as Akkermansia, Bifidobacterium, and
Lactobacillus (Zhu et al., 2021).

In addition, the metabolite compound K of ginsenosides
has a higher bioavailability and biological activity than the
prototype compound, and the primary component of the
effect

(Mathiyalagan et al., 2014). This condition reveals that a

metabolite compound K has a therapeutic

variety of active ingredients in RSBDP cannot be directly
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absorbed to treat UC, but are processed by intestinal
effects.
Furthermore, ginseng and its extract also have antibacterial

microorganisms  to  produce  therapeutic
effects, which can affect the permeability of bacterial cell
membranes, cell walls and the synthesis process of proteins
and nucleic acids, and directly treat local ulcer foci in the
intestine (Kachur and Suntres, 2016). At the same time, those
active ingredients (e.g., saikosaponin D) with low DL and high
OB and are exist in RSBDP aqueous extracts. Saikosaponin D
has been demonstrated to be effective in treating experimental
colitis by reducing inflammation, preserving intestinal barrier,
and managing intestinal flora (Li et al., 2020). It verifies that
low DL does not entirely mean that there are no positive
effects. If the major medicinals and active ingredients can be
further studied clearly, this will help to reduce the clinical
application of RSBDP for the treatment of colon disease, thus
avoiding unnecessary potential side effects or adverse
reactions.

In conclusion, RSBDP can block the activation of PI3K/Akt/
NEF-«B signaling pathway via inhibiting the phosphorylation of
PI3K, Akt, and NF-«xB while upregulating the inhibitory protein
IxB of NF-kB and downregulating the pathway activating protein
IKK. This mechanism is evidential support for RSBDP
the UcC.
Simultaneously, our data indicate that RS, CH, and GC may

intervention in multi-targeted treatment for
be the primary medicinal constituents of RSBDP, providing

preclinical evidence for clinical use of RSBDP.

5 Conclusion

RSBDP can inhibit the phosphorylation of PI3K, Akt, and NF-
kB; upregulate NF-«B inhibitor protein IkB; and downregulate the
activator protein IKK, thus blocking the activation of the PI3K/
Akt/NF-kB signaling pathway and treating UC. In addition, RS,
CH, and GC may be the core medicinals of RSBDP.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary materials; further

inquiries can be directed to the corresponding authors.

Ethics statement

The animal study was reviewed and approved by the
Ethics of Chengdu
University of Traditional Chinese Medicine.

Experimental ~ Animal Committee

Frontiers in Pharmacology

16

10.3389/fphar.2022.880589

Author contributions

ZY, FL, and QY performed the experimental design. ZY and
YL drafted the manuscript. MW performed the analysis of
chemical constituents. ZY, YL, and LL performed the analysis
of network. ZY, YL, YS, YH, and HY conducted pharmacological
experiments. KQ, QZ, and ZJ participated in the design and
coordination. All authors read and approved the final
manuscript.

Funding

This research was funded by the National Natural Science
Foundation of China (81973742), Science and Technology
Department of Sichuan province (2020YJ0383
20YYJC0910), and Sichuan Youth Science and Technology
Innovation Research Team Project (2020JDTD0022).

and

Acknowledgments

Figures were produced using the Servier Medical Art (http://
www.servier.com). Figure 11 was adapted from the “NFxB
signalling pathway” by BioRender.com (2022) and retrieved
from https://app.biorender.com/biorender-templates.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fphar.
2022.880589/full#supplementary-material

frontiersin.org


http://www.servier.com
http://www.servier.com
http://BioRender.com
https://app.biorender.com/biorender-templates
https://www.frontiersin.org/articles/10.3389/fphar.2022.880589/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.880589/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.880589

Ye et al.

References

Andresen, L., Jorgensen, V.L., Perner, A., Hansen, A., Eugen-Olsen, J., and Rask-
Madsen, J. (2005). Activation of nuclear factor kappaB in colonic mucosa from
patients with collagenous and ulcerative colitis. Gut 54 (4), 503-509. doi:10.1136/
gut.2003.034165

Bradley, P.P., Priebat, D.A., Christensen, R.D., and Rothstein, G. (1982).
Measurement of cutaneous inflammation: estimation of neutrophil content with
an enzyme marker. J. Invest. Dermatol. 78 (3), 206-209. doi:10.1111/1523-1747.
€ep12506462

Chen, Q,, Sun, .N,, Lian, X.Y., Zhang, B.L., Wang, C.E., Du, G.H,, et al. (2011).
Research Methods in Pharmacology Chinese Materia Medica. Beijing: People’s
Medical Publishing House.

Chen, C,, Chen, H., Zhang, Y., Thomas, H.R., Frank, M.H,, He, Y., et al. (2020).
TBtools: An Integrative Toolkit Developed for Interactive Analyses of Big Biological
Data. Mol. Plant 13 (8), 1194-1202. doi:10.1016/j.molp.2020.06.009

Chen, L., Jia, B., Deng, H.H., Jia, Z.C., and Li, C. (2019). To explore the effect and
mechanism of Renshen Baidu Powder on gastrointestinal function in rats with
ulcerative colitis based on the 'Ni Liu Wan Zhou’ method. Shaanxi journal of
traditional Chinese medicine 40 (03), 283-286. doi:10.3969/j.issn.1000-7369.2019.
03.003

Eisenstein, M. (2018). Ulcerative colitis: towards remission. Nature 563 (7730),
$33. doi:10.1038/d41586-018-07276-2

Faye, A.S., and Colombel, J.F. (2022). Aging and IBD: A New Challenge for
Clinicians and Researchers. Inflamm. Bowel Dis. 28 (1), 126-132. doi:10.1093/ibd/
izab039

Feuerstein, J.D., Moss, A.C., and Farraye, F.A. (2019). Ulcerative Colitis. Mayo
Clin. Proc. 94 (7), 1357-1373. d0i:10.1016/j.mayocp.2019.01.018

Flores, R.R., Clauson, C.L., Cho, J., Lee, B.C., McGowan, S.J., Baker, D.]., et al.
(2017). Expansion of myeloid-derived suppressor cells with aging in the bone
marrow of mice through a NF-kB-dependent mechanism. Aging Cell 16 (3),
480-487. doi:10.1111/acel.12571

Fogel, W.A.,, and Lewinski, A. (2006). The effects of diamine oxidase
administration on experimental ulcerative colitis in rats. Inflamm. Res. 55 (1),
$63-64. doi:10.1007/s00011-005-0044-y

Gardiner, K.R., Anderson, N.H., Rowlands, B.]., and Barbul, A. (1995). Colitis and
colonic mucosal barrier dysfunction. Gut 37 (4), 530-535. doi:10.1136/gut.37.4.530

Heinrich, M., Appendino, G., Efferth, T., Fiirst, R,, Izzo, A. A, Kayser, O, et al.
(2020). Best Practice in Research - Overcoming Common Challenges in
Phytopharmacological Research. J. Ethnopharmacol. 246, 112230. doi:10.1016/j.
jep.2019.112230

Honzawa, Y. Nakase, H., Matsuura, M., and Chiba, T. (2011). Clinical
significance of serum diamine oxidase activity in inflammatory bowel disease:
Importance of evaluation of small intestinal permeability. Inflamm. Bowel Dis. 17
(2), E23-25. doi:10.1002/ibd.21588

Jeengar, MK, Thummuri, D., Magnusson, M. Naidu, V.G.M., and
Uppugunduri, S. (2017). Uridine Ameliorates Dextran Sulfate Sodium (DSS)-
Induced Colitis in Mice. Sci. Rep. 7 (1), 3924. doi:10.1038/s41598-017-04041-9

Kachur, K., and Suntres, Z.E. (2016). The antimicrobial properties of ginseng and
ginseng extracts. Expert Rev. Anti. Infect. Ther. 14 (1), 81-94. doi:10.1586/14787210.
2016.1118345

Kaplan, G.G. (2015). The global burden of IBD: from 2015 to 2025. Nat. Rev.
Gastroenterol. Hepatol. 12 (12), 720-727. doi:10.1038/nrgastro.2015.150

Kaplan, G.G., and Ng, S.C. (2016). Globalisation of inflammatory bowel disease:
perspectives from the evolution of inflammatory bowel disease in the UK and
China. Lancet. Gastroenterol. Hepatol. 1 (4), 307-316. doi:10.1016/s2468-1253(16)
30077-2

Kazi, H.A., and Qian, Z. (2009). Crocetin reduces TNBS-induced experimental
colitis in mice by downregulation of NFkB. Saudi J. Gastroenterol. 15 (3), 181-187.
doi:10.4103/1319-3767.54750

Ko, C.W., Singh, S., Feuerstein, J.D., Falck-Ytter, C., Falck-Ytter, Y., and Cross,
RXK. (2019). AGA Clinical Practice Guidelines on the Management of Mild-to-
Moderate Ulcerative Colitis. Gastroenterology 156 (3), 748-764. doi:10.1053/j.
gastro.2018.12.009

Lee, G., Goretsky, T., Managlia, E., Dirisina, R., Singh, A.P., Brown, J.B., et al.
(2010). Phosphoinositide 3-kinase signaling mediates beta-catenin activation in
intestinal epithelial stem and progenitor cells in colitis. Gastroenterology 139 (3),
869-869. doi:10.1053/j.gastro.2010.05.037

Frontiers in Pharmacology

17

10.3389/fphar.2022.880589

Li, P., Wu, M,, Xiong, W,, Li, J., An, Y., Ren, J., et al. (2020). Saikosaponin-d
ameliorates dextran sulfate sodium-induced colitis by suppressing NF-«B activation
and mndulating the gut microbiota in mice. Int. Immunopharmacol. 81, 106288.
doi:10.1016/j.intimp.2020.106288

Mathiyalagan, R., Subramaniyam, S., Kim, Y.J., Natarajan, S., Min, J.W., Kim,
S.Y,, etal. (2014). Synthesis and pharmacokinetic characterization of a pH-sensitive
polyethylene glycol ginsenoside CK (PEG-CK) conjugate. Biosci. Biotechnol.
Biochem. 78 (3), 466-468. doi:10.1080/09168451.2014.885827

Naito, Y., Takagi, T., and Yoshikawa, T. (2007). Neutrophil-dependent oxidative
stress in ulcerative colitis. J. Clin. Biochem. Nutr. 41 (1), 18-26. doi:10.3164/jcbn.
2007003

Nakajima, H., Munakata, A., and Yoshida, Y. (1995). Adverse effects of
sulfasalazine and treatment of ulcerative colitis with mesalazine. J. Gastroenterol.
30 (8), 115-117.

Ordas, I, Eckmann, L., Talamini, M., Baumgart, D.C., and Sandborn, W J. (2012).
Ulcerative colitis. Lancet 380 (9853), 1606-1619. doi:10.1016/s0140-6736(12)
60150-0

Qiao, CX,, Xu, S, Wang, D.D., Gao, S.Y., Zhao, S.F., Zhang, M.L,, et al. (2018).
MicroRNA-19b alleviates lipopolysaccharide-induced inflammatory injury in
human intestinal cells by up-regulation of Runx3. Eur. Rev. Med. Pharmacol.
Sci. 22 (16), 5284-5294. doi:10.26355/eurrev_201808_15728

Rana, S.V., Sharma, S., Kaur, J., Prasad, K.K., Sinha, S.K., Kochhar, R., et al.
(2014). Relationship of cytokines, oxidative stress and GI motility with bacterial
overgrowth in ulcerative colitis patients. J. Crohns Colitis 8 (8), 859-865. doi:10.
1016/j.crohns.2014.01.007

Ru, J., Li, P,, Wang, J., Zhou, W., Li, B,, Huang, C, et al. (2014). TCMSP: a
database of systems pharmacology for drug discovery from herbal medicines.
J. Cheminform. 6, 13. doi:10.1186/1758-2946-6-13

Setia, S., Nehru, B., and Sanyal, S.N. (2014). Upregulation of MAPK/Erk and
PI3K/Akt pathways in ulcerative colitis-associated colon cancer. Biomed
Pharmacother 68 (8), 1023-1029. doi:10.1016/j.biopha.2014.09.006

Tatiya-Aphiradee, N., Chatuphonprasert, W., and Jarukamjorn, K. (2021).
Ethanolic Garcinia mangostana extract and o-mangostin improve dextran
sulfate sodium-induced ulcerative colitis via the suppression of inflammatory
and oxidative responses in ICR mice. J. Ethnopharmacol. 265, 113384. doi:10.
1016/j.jep.2020.113384

Tian, T, Zhou, Y., Feng, X,, Ye, S., Wang, H., Wu, W,, et al. (2016). MicroRNA-16
is putatively involved in the NF-kB pathway regulation in ulcerative colitis through
adenosine A2a receptor (A2aAR) mRNA targeting. Sci. Rep. 6, 30824. doi:10.1038/
srep30824

van Deventer, SJ., ten Cate, JW. and Tytgat, G.N. (1988). Intestinal
endotoxemia. Clinical significance. Gastroenterology 94 (3), 825-831. doi:10.
1016/0016-5085(88)90261-2

Windsor, A., Michetti, P., Bemelman, W., and Ghosh, S. (2013). The positioning
of colectomy in the treatment of ulcerative colitis in the era of biologic therapy.
Inflamm. Bowel Dis. 19 (12), 2695-2703. doi:10.1097/MIB.0b013e318292fae6

Windsor, J.W., and Kaplan, G.G. (2019). Evolving Epidemiology of IBD. Curr.
Gastroenterol. Rep. 21 (8), 40. doi:10.1007/s11894-019-0705-6

Wu, X.F, Xu, R, Ouyang, ZJ.,, Qian, C,, Shen, Y., Wu, X.D,, et al. (2013).
Beauvericin ameliorates experimental colitis by inhibiting activated T cells via
downregulation of the PI3K/Akt signaling pathway. PLoS One 8 (12), e83013.
doi:10.1371/journal.pone.0083013

Xiao, B., Zhang, Z., Viennois, E., Kang, Y., Zhang, M., Han, M.K,, et al. (2016).
Combination Therapy for Ulcerative Colitis: Orally Targeted Nanoparticles Prevent
Mucosal Damage and Relieve Inflammation. Theranostics 6 (12), 2250-2266.
doi:10.7150/thno.15710

Xu, E.P, Ye, Q.B., Fan, Y., Han, T, Long, X.Y,, Duan, Y.Z, et al. (2021). Chinese
Medicinal Formulas. 3rd edition. Beijing, China: People’s Medical Publishing
House.

Xu, H.Y,, Liu, Z.M., Fu, Y., Zhang, Y.Q,, Yu, ].J., Guo, F.F,, et al. (2017). Exploiture
and application of an internet-based Computation Platform for Integrative
Pharmacology of Traditional Chinese Medicine. Zhongguo Zhong Yao Za Zhi 42
(18), 3633-3638. doi:10.19540/j.cnki.cjcmm.2017.0141

Xu, HY,, Zhang, Y.Q, Liu, ZM.,, Chen, T,, Lv, C.Y., Tang, S.H,, et al. (2019).
ETCM: an encyclopaedia of traditional Chinese medicine. Nucleic Acids Res. 47 (1),
D976-D982. doi:10.1093/nar/gky987

frontiersin.org


https://doi.org/10.1136/gut.2003.034165
https://doi.org/10.1136/gut.2003.034165
https://doi.org/10.1111/1523-1747.ep12506462
https://doi.org/10.1111/1523-1747.ep12506462
https://doi.org/10.1016/j.molp.2020.06.009
https://doi.org/10.3969/j.issn.1000-7369.2019.03.003
https://doi.org/10.3969/j.issn.1000-7369.2019.03.003
https://doi.org/10.1038/d41586-018-07276-2
https://doi.org/10.1093/ibd/izab039
https://doi.org/10.1093/ibd/izab039
https://doi.org/10.1016/j.mayocp.2019.01.018
https://doi.org/10.1111/acel.12571
https://doi.org/10.1007/s00011-005-0044-y
https://doi.org/10.1136/gut.37.4.530
https://doi.org/10.1016/j.jep.2019.112230
https://doi.org/10.1016/j.jep.2019.112230
https://doi.org/10.1002/ibd.21588
https://doi.org/10.1038/s41598-017-04041-9
https://doi.org/10.1586/14787210.2016.1118345
https://doi.org/10.1586/14787210.2016.1118345
https://doi.org/10.1038/nrgastro.2015.150
https://doi.org/10.1016/s2468-1253(16)30077-2
https://doi.org/10.1016/s2468-1253(16)30077-2
https://doi.org/10.4103/1319-3767.54750
https://doi.org/10.1053/j.gastro.2018.12.009
https://doi.org/10.1053/j.gastro.2018.12.009
https://doi.org/10.1053/j.gastro.2010.05.037
https://doi.org/10.1016/j.intimp.2020.106288
https://doi.org/10.1080/09168451.2014.885827
https://doi.org/10.3164/jcbn.2007003
https://doi.org/10.3164/jcbn.2007003
https://doi.org/10.1016/s0140-6736(12)60150-0
https://doi.org/10.1016/s0140-6736(12)60150-0
https://doi.org/10.26355/eurrev_201808_15728
https://doi.org/10.1016/j.crohns.2014.01.007
https://doi.org/10.1016/j.crohns.2014.01.007
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1016/j.biopha.2014.09.006
https://doi.org/10.1016/j.jep.2020.113384
https://doi.org/10.1016/j.jep.2020.113384
https://doi.org/10.1038/srep30824
https://doi.org/10.1038/srep30824
https://doi.org/10.1016/0016-5085(88)90261-2
https://doi.org/10.1016/0016-5085(88)90261-2
https://doi.org/10.1097/MIB.0b013e318292fae6
https://doi.org/10.1007/s11894-019-0705-6
https://doi.org/10.1371/journal.pone.0083013
https://doi.org/10.7150/thno.15710
https://doi.org/10.19540/j.cnki.cjcmm.2017.0141
https://doi.org/10.1093/nar/gky987
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.880589

Ye et al.

Xiong, P.Y., Chen, L., Chen, X., Zhang, P.X,, Zhong, C., Liu, X.L,, et al. (2021).
Effect of Renshen Baidu Powder on Intestinal Mucosal Barrier in Rats with
Ulcerative Colitis Based on °Ni Liu Wan Zhou Method. Modernization of
traditional Chinese medicine and materia medica-world science and technology
23 (07), 2285-2293. doi:10.11842/wst.20201012004

Yan, X, Lu, QG,, Zeng, L, Li, XH,, Liu, Y., Du, X'F,, et al. (2020). Synergistic protection
of astragalus polysaccharides and matrine against ulcerative colitis and associated lung
injury in rats. World J. Gastroenterol. 26 (1), 55-69. doi:10.3748/wjgv26.i1.55

Zhang, Q., and Feng, F. (2019). The Effects of Different Varieties of Aurantii Fructus
Immaturus on the Potential Toxicity of Zhi-Zi-Hou-Po Decoction Based on Spectrum-
Toxicity Correlation Analysis. Molecules 24 (23), E4254. doi:10.3390/molecules24234254

Zhou, R, Peng, Q., and Zhang, M. (2014). Renshen Baidu Powder in Treating
54 Cases of Diarrhea -predominant Irritable Bowel Syndrome. Western journal of

Frontiers in Pharmacology

18

10.3389/fphar.2022.880589

traditional Chinese medicine 27 (08), 52-54. do0i:10.3969/j.issn.1004-6852.2014.
08.020

Zhang, R., Zhu, X, Bai, H.,, and Ning, K. (2019). Network Pharmacology
Databases for Traditional Chinese Medicine: Review and Assessment. Front.
Pharmacol. 10, 123. doi:10.3389/fphar.2019.00123

Zhong, Z., Umemura, A., Sanchez-Lopez, E., Liang, S., Shalapour, S,
Wong, J., et al. (2016). NF-kB Restricts Inflammasome Activation via
Elimination of Damaged Mitochondria. Cell 164 (5), 896-910. doi:10.
1016/j.cell.2015.12.057

Zhu, H.,He, Y.S., Ma, ], Zhou, J., Kong, M., Wu, C.Y., et al. (2021). The dual roles
of ginsenosides in improving the anti-tumor efficiency of cyclophosphamide in
mammary carcinoma mice. J. Ethnopharmacol. 265, 113271. doi:10.1016/j.jep.2020.
113271

frontiersin.org


https://doi.org/10.11842/wst.20201012004
https://doi.org/10.3748/wjg.v26.i1.55
https://doi.org/10.3390/molecules24234254
https://doi.org/10.3969/j.issn.1004-6852.2014.08.020
https://doi.org/10.3969/j.issn.1004-6852.2014.08.020
https://doi.org/10.3389/fphar.2019.00123
https://doi.org/10.1016/j.cell.2015.12.057
https://doi.org/10.1016/j.cell.2015.12.057
https://doi.org/10.1016/j.jep.2020.113271
https://doi.org/10.1016/j.jep.2020.113271
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.880589

	Renshen Baidu powder protects ulcerative colitis via inhibiting the PI3K/Akt/NF-κB signaling pathway
	1 Introduction
	2 Materials and methods
	2.1 Network construction of Renshen Baidu powder putative target and the ulcerative colitis gene
	2.2 Network visualization and functional enrichment analysis
	2.3 Preparation and identification of the primary compounds of Renshen Baidu powder
	2.4 Animal experiment
	2.5 Evaluation of disease activity index
	2.6 Histopathology
	2.7 Enzyme-linked immunosorbent assay
	2.8 Real-time PCR analysis
	2.9 Western blot analysis
	2.10 Statistical analysis

	3 Results
	3.1 Putative targets of ulcerative colitis treated by Renshen Baidu powder
	3.2 Major mechanisms of Renshen Baidu powder on ulcerative colitis
	3.3 Gene ontology enrichment and reactome pathway analysis
	3.4 Experimental validation
	3.4.1 The effect of Renshen Baidu powder on ulcerative colitis
	3.4.2 Histological observation and evaluation
	3.4.3 Effect of trinitrobenzene sulfonic acid–induced pathological products
	3.4.4 The effect of Renshen Baidu powder on the PI3k/Akt/NF-κB signaling pathway


	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


