
© 2024 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License (CC BY-NC 4.0), which   
permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided. “This article has been published 

 in Future Integrative Medicine at https://doi.org/10.14218/FIM.2024.00009 and can also be viewed on the Journal’s website  
at https://www.xiahepublishing.com/journal/fim ”.

Future Integrative Medicine 2024 vol. 3(2)  |  87–98 
DOI: 10.14218/FIM.2024.00009

Original Article

Bear Bile Powder Inhibits the Release of NLRP3 by  
Activating the cAMP/PKA/CREB Signaling Pathway to Treat 
Dextran Sulfate Sodium-induced Colitis in Mice

Huiling Tian1,2#, Long Cheng1,2#, Yunhui Liang1,2 and Yongshen Ren1*

1Key Laboratory of Tropical Biological Resources of Ministry of Education, Hainan Engineering Research Center for Drug Screening and Evaluation, 
School of Pharmaceutical Sciences, Hainan University, Haikou, Hainan, China; 2School of Pharmaceutical Sciences, South-Central Minzu University, 
Wuhan, Hubei, China

Received: March 04, 2024  |  Revised: April 25, 2024  |  Accepted: May 06, 2024  |  Published online: June 20, 2024 

Abstract
Background and objectives: Ulcerative colitis (UC) is a chronic autoimmune disease that mainly affects the rectum and 
colon. The symptoms primarily include abdominal pain, diarrhea, and bloody stools. The incidence of UC continues to 
increase each year. Bear bile powder (BBP) is a well-known traditional medicine that remains in use due to its outstanding 
efficacy. This study aimed to elucidate the therapeutic effects and molecular mechanisms of BBP on dextran sulfate sodium 
(DSS)-induced UC.

Methods: DSS-induced UC model mice were created and then randomly assigned to the following groups: control, DSS-treat-
ed, 5-amino salicylic acid-treated, BBP low dose, and BBP high dose. Treatment was administered by gavage. Disease activity 
index, body weight loss, colon histopathology, colon length, and the expression of inflammatory cytokines were measured. 
Samples of the intestinal content were collected, and differences in the gut microbiota were analyzed by 16S rDNA sequencing.

Results: The experimental results demonstrated that BBP significantly alleviated the symptoms and histopathological scores in 
UC mice, reduced the production of interleukin-6, interleukin-1β, tumor necrosis factor-α, malondialdehyde, nitric oxide, and 
myeloperoxidase, and upregulated the expression of cyclic adenosine monophosphate (cAMP), protein kinase A, and cAMP-
response element binding protein. Moreover, 16S rRNA sequencing revealed that the gut microbiota of mice in the DSS-treated 
group was disordered compared to the control group. The abundance of gut microbiota in the treatment groups improved to 
varying degrees.

Conclusions: Together, these results indicate that BBP significantly improves the inflammatory symptoms of mice with acute 
colitis, which may be related to its upregulation of the cAMP/protein kinase A/cAMP-response element binding protein 
signaling pathway, inhibition of NOD-like receptor thermal protein domain associated protein 3 inflammasome secretion, and 
regulation of gut microbiota.
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Introduction
Ulcerative colitis (UC) is a chronic disease characterized by pain, 
diarrhea, and blood stool. At present, the etiology of UC is unclear; 
however, genetic, immune, environmental, and psychological fac-
tors, as well as intestinal mucosal barrier function, inflammation, 
and gut microbiota, may contribute to its development.1 The in-
cidence of UC has continued to increase, especially in develop-
ing countries.2,3 Currently, the clinical treatment of UC mostly 
involves the use of aminosalicylic acid, glucocorticoids, biological 
agents, etc.4 However, the long-term issue of these agents can re-
sult in systemic adverse reactions. Although biological agents are 
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effective in the short term, their costs and the risk of immunosup-
pression are significant concerns.5

Scholars are increasingly interested in using traditional Chinese 
medicine for the treatment of inflammatory bowel disease (IBD). 
Bear bile powder (BBP) is a preparation obtained by freeze-dry-
ing the bile of black bears.6 Chemically, it is mainly composed 
of bile acids (BAs), with tauroursodeoxycholic acid, ursodeoxy-
cholic acid (UDCA), and deoxycholic acid (DCA) being its main 
active ingredients. Studies have found that tauroursodeoxycholic 
acid and UDCA can reduce intestinal inflammatory response and 
oxidative stress, thereby alleviating intestinal symptoms.7 In tra-
ditional Chinese medicine, BBP is used to protect the liver and 
improve eyesight.8 Modern pharmacological studies have shown 
that BBP has heat-clearing, detoxifying, anti-acute pneumonia, 
and anti-inflammatory effects.9,10

Cyclic adenosine monophosphate (cAMP) is a classical second 
messenger that mediates many important signaling pathways.11 
Research has indicated that increased levels of cAMP reduced in-
flammation in rats with colitis, while lower colonic cAMP levels in 
UC patients result in abnormal production of inflammatory intesti-
nal cytokines.12 Many studies have highlighted the importance of 
cAMP-response element binding protein (CREB) in UC, showing 
that activation of protein kinase A (PKA) leads to phosphorylation 
and upregulation of CREB.13 This, in turn, decreases inflamma-
tory factors and upregulates the expression of anti-inflammatory 
signals. PKA further activates the downstream CREB, which 
undergoes nuclear translocation into the nucleus, thus regulating 
the cellular response. It inhibits the release of the inflammasome 
NOD-like receptor thermal protein domain associated protein 3 
(NLRP3). In one study, activating the vasoactive intestinal pep-
tide/cAMP/PKA pathway improved the diversity of the gut mi-
crobiota and protected the intestinal barrier, effectively alleviating 
experimental colitis.14 A gut ecological imbalance, defined as a 
state of microbial imbalance, is considered an important pathogen-
ic factor in many diseases.15 An intestinal ecological imbalance is 
closely related to IBD. It has been demonstrated that the gut mi-
crobial community is a crucial link in the host’s physiological and 
pathological processes. The gastrointestinal tract is home to the 
largest number of bacteria in the body. BAs are the end products of 
cholesterol catabolism. The gut microbiota undergoes multiple BA 
biotransformation reactions, and the composition and abundance 
of the gut microbiota are sequentially influenced by BAs.16

Currently, few studies have examined the treatment of UC 
with BBP, and the underlying mechanism of action remains elu-
sive. Therefore, this study aimed to explore the protective effects 
of BBP on DSS-induced UC in mice and elucidate its molecular 
mechanisms.

Materials and methods

Materials
Bear bile powder (20210405, Zixi Kangrentang Biological Devel-
opment Co., Ltd., Zixi, Jiangxi province, China); tumor necrosis 
factor-α (TNF-α), interleukin-1β (IL-1β), interleukin-6 (IL-6) as-
say kits (Nanjing Jiancheng Institute of Biological Engineering, 
batch numbers 23913119104, 42574412547, 32565248754); total 
superoxide dismutase (T-SOD), malondialdehyde (MDA), myelop-
eroxidase (MPO), nitric oxide (NO) assay kits (Nanjing Jiancheng 
Institute of Biological Engineering, batch numbers 20211019, 
20211019, 20211019, 20210926); 5-Aminosalicylic acid (mass 
fraction ≥99%, Shanghai Aladdin Biotechnology Co., Ltd., batch 

number F2103090); Dextran sulfate sodium salt (mass fraction 
≥99%, Shanghai Aladdin Biotechnology Co., Ltd., batch number: 
F2014198). Antibodies: cAMP (12009-1-AP); NLRP3 (DF7502); 
ACTIN (GB15001); HRP goat anti-rabbit (GB23303); HRP goat 
anti-mouse (GB25301). Instrumentation: PL-203 electronic balance 
(Mettler-Toledo Instruments (Shanghai) Co., Ltd.); frozen centrifuge 
(Hunan Kaida Scientific Instruments Co., Ltd.); full-wavelength en-
zyme standardizer (Thermo Fisher); IMS automatic snowflake ice 
machine (Changshu Xueke Electric Co., Ltd.), etc.

Animals
Eight-week-old SPF grade C57BL/6 mice, weighing 18–22 g, 
were purchased from Liaoning Changsheng Biotechnology Co., 
Ltd. (2107162111089). The mice were housed in the Experi-
mental Animal Center of South-Central Minzu University under 
SPF-grade barrier facilities and standard environmental condi-
tions (temperature 22 ± 2°C, humidity 40–60%, 12 h light/dark 
cycle). The mice were allowed free access to water and food 
throughout the experiment. The animals were acclimatized and 
fed for seven days before the experiment commenced. All experi-
mental protocols in this study were approved by the Institutional 
Animal Care and Use Committee of South-Central Minzu Uni-
versity (2020-SCUEC-023). All animal experiments conformed 
to the Management Rules of the Chinese Ministry of Health and 
were performed in accordance with the guidelines from Directive 
2010/63/EU of the European Parliament on the protection of ani-
mals used for scientific purposes.

Before the DSS intervention, the model mice were established 
and randomly divided into groups: control (NC), DSS-treated, 
5-Amino salicylic acid (5-ASA)-treated (100 mg/kg), BBP low 
dose (BBP-L, 100 mg/kg), and BBP high dose (BBP-H, 150 mg/
kg). Eight mice were assigned to each group.

Induction of colitis
As shown in Figure 1, all groups, except for the NC group, were 
provided with 3% DSS drinking for seven days.17 The treatment 
groups were intragastrically administered 5-ASA or BBP for 10 
days. Mice were sacrificed by CO2 inhalation or cervical disloca-
tion at desired time-points, and all efforts were made to minimize 
suffering.

Assessment of the disease activity index
During the experimental period, the Disease Activity Index (DAI) 
was employed as a quantitative indicator to assess the severity of 
colitis damage.18 Daily monitoring and recording of body weight 
loss, fecal characteristics, and hematochezia were performed. The 
DAI was calculated based on established parameters (Table 1).19

Colonic length and splenic index measurements
After the mice were sacrificed, the colon and spleen tissues were 
collected, and the length of the colon was measured, photo-
graphed, and recorded. The spleen dry-to-wet ratio was recorded. 
The spleen index was calculated as follows20: spleen index (mg/g) 
= spleen mass/mouse body mass.

Histological analysis of the colon
Firstly, the mice were dissected, and the colonic tissues of each 
group were collected. Secondly, colonic tissues were soaked in 4% 
paraformaldehyde for 72 h, embedded in paraffin, and sectioned, 
stained with hematoxylin and eosin staining solution, dried, sealed, 
microscopically examined, and scored. The scoring included the 
degree of intestinal epithelial cell damage and inflammatory infil-
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tration to evaluate the degree of colonic tissue damage (Table 2).21

Cytokines analysis by enzyme-linked immunosorbent assay 
(ELISA)
Colon tissue was obtained and homogenized thoroughly on ice us-
ing an electric homogenizer at a weight-to-volume ratio of 1 g (tis-
sue): 9 ml (PBS, pH 7.4). ELISA kits were used to detect TNF-α, 
IL-1β, and IL-6 according to instructions.

Oxidative stress index assay
Using ELISA kits and following the provided instructions, T-SOD, 
MDA, and MPO levels in the colonic tissue, as well as NO levels 
in the serum, were measured.

16S rRNA sequencing
Following the extraction of total DNA from colon stool samples, 
primers were designed to target conserved regions. A sequencing 
junction was added to the end of the primers to facilitate PCR am-

plification. Subsequently, the amplified products were purified, 
quantified, and homogenized to construct a sequencing library. 
The constructed library was first subjected to quality control. The 
qualified library was sequenced by Illumina NovaSeq 6000. The 
raw image data files obtained from high-throughput sequencing 
were transformed into Sequenced Reads by Base Calling analysis, 
and the results were stored in FASTQ (fq for short) file format, 
which contains sequence information of sequenced sequences 
(Reads) and their corresponding sequencing quality information. 
Based on the Illumina NovaSeq sequencing platform, a Paired-End 
library was constructed and paired for sequencing. The species 
composition of the sample was revealed by filtering, clustering or 
de-noising, species annotation, and abundance analysis of Reads.

Western blot analysis
For the western blot assay, a whole-cell lysis kit (KeyGene Bio-
Tech, China) was used to extract proteins from the colonic tissue 
samples. The protein concentrations were determined using a BCA 

Table 1.  Scoring standard of the disease activity index

Score Weight loss Blood in stool Consistency of stool

0 No weight loss Normal No bleeding

1 1–5% Slight bleeding Semiloose stool

2 5–10% Slight bleeding Mild diarrhea

3 10–15% Gross bleeding Liquid stool

4 >15% Gross bleeding Liquid stool

Table 2.  Histopathological scoring criteria

Demerit points Histopathology score

0 Normal form/no inflammation

1 Minor loss of cup cells/minimal inflammatory infiltration

2 Large cupped cell deficiency and moderate inflammatory infiltration of the mucosal layer

3 Partial absence of saphenous fossa and extensive inflammatory infiltration/mucosal edema thickening of the  
mucosal muscle layer

4 Large saphenous defect/extensive inflammatory infiltration of the submucosa

Fig. 1. Experimental design and general conditions of the animals. BBPH, bear bile powder high dose; BBPL, bear bile powder low dose; DSS, dextran sulfate 
sodium; NC, normal control; 5-ASA, 5-Amino salicylic acid.
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kit (KeyGene BioTech, China). Equal amounts of protein were 
separated on 10% SDS-PAGE gels and subsequently transferred to 
PVDF membranes (Merck Millipore, Germany). Following this, 
the membranes were blocked with 5% skim milk for 1 h, then incu-
bated with primary antibodies at 4 °C overnight, followed by sec-
ondary antibodies for 1 h. Detection was performed with enhanced 
chemiluminescence (BioRad, USA). Blots were quantified using 
Image Lab software.

Statistical analysis
All data are expressed as the mean ± standard deviation. Statistical 
analysis was performed using SPSS 21.0 software. Group differ-
ences were assessed using one-way ANOVA. P-values less than 
0.05 were considered statistically significant (*p < 0.05, **p < 
0.01).

Results

BBP ameliorates DSS-induced colitis
Mice were orally administered 3% DSS water to induce UC, serv-
ing as an acute inflammatory model. The effect of BBP on DSS-in-
duced colitis was evaluated by weight loss (Fig. 2a), the DAI score 
(Fig. 2b), colon length (Fig. 2c-d), and histopathological analysis 
of the colon tissue (Fig. 2e). The average weight of the NC group 
showed a stable increasing trend, while the DSS-treated group 
started to lose weight on day 3. The weight of the BBP-treated 
group increased compared to the DSS-treated group. Compared to 
the NC group, the DAI score of the model group was significantly 
increased from day 3, and the colon became extensively congested 
and edematous, exhibiting shortening. The DAI of the BBP-treated 
group was significantly lower than the model group starting from 
day 5, and the BBP treatment significantly inhibited the shorten-
ing of the colon compared to the DSS-treated group. Compared to 
the NC group, the DSS-treated group showed pathological changes 
in the colon, with damaged or even apoptotic intestinal epithelial 
cells, reduced cupped cells and intestinal glands, crypt abscesses, 
and massive infiltration of inflammatory cells in the lamina propria 
and submucosa. The BBP treatment alleviated these pathological 
changes in colon tissue. Significant differences were observed 
in all treated groups, and the histological scores were lower than 
those of the DSS-treated group. The BBP-L and BBP-H groups 
exhibited similar effects.

Splenic index
UC is considered an autoimmune disease. Research has demon-
strated that the weight of the spleen increases with the aggravation 
of inflammation.22 In this study, there was a significant increase 
in the spleen index in the DSS-treated group compared to the NC 
group (p < 0.01), indicating that the spleen, the immune organ, of 
mice in the colitis DSS-treated group showed a decline. Compared 
to the DSS-treated group, there was a significant decrease in the 
spleen index in the 5-ASA-treated, BBP-L, and BBP-H groups (p 
<0.01), indicating significant protective effects of the treatments 
on the immune organs of mice with colitis (Fig. 3). Among them, 
the BBP-H group exhibited the best effect compared to the BBP-L 
and 5-ASA-treated groups.

BBP suppresses the release of inflammatory cytokines in UC 
mice
Inflammatory injury is the main pathological feature of UC. IL-
1β, TNF-α, and IL-6 are pro-inflammatory factors that may be 

increased in UC.23 As shown in Figure 4, the main pro-inflamma-
tory cytokines TNF-α, IL-1β, and IL-6 were detected by ELISA. 
Compared to the NC group, the levels of TNF-α, IL-1β, IL-6, and 
other pro-inflammatory cytokines were significantly higher in 
the DSS-treated group. The levels of these pro-inflammatory cy-
tokines were significantly lower in the BBP administration groups 
compared to the DSS-treated group, indicating that BBP has an 
anti-inflammatory effect in the treatment of UC. The BBP-L and 
BBP-H groups exhibited similar effects.

BBP decreased oxidative stress in DSS-induced colitis mice
Studies have shown that oxidative stress is closely related to the 
pathogenesis of colitis. As shown in Figure 5, the NO, MPO activ-
ity, and MDA content were significantly increased (p < 0.01), and 
the T-SOD activity was significantly decreased (p < 0.01) in the 
DSS-treated group compared to the NC group. Compared to the 
DSS-treated group, the BBP group showed a significant decrease 
in the MDA content and the NO and MPO activities, and a signifi-
cant increase in T-SOD activity (p < 0.01). This indicates that BBP 
can effectively alleviate the oxidative stress level of DSS-induced 
colitis mice. The BBP-L and BBP-H groups exhibited similar ef-
fects.

BBP upregulation the cAMP/PKA/CREB signaling pathway to 
inhibit the expression of the NLRP3 inflammasome
As shown in Figure 6, the protein expression levels of cAMP, 
PKA, CREB, and p-CREB in the UC model mice induced by DSS 
were significantly reduced, and the NLRP3 inflammasome was ac-
tivated. However, after the 5-ASA and BBP treatments, the protein 
expression levels were significantly increased. This indicated that 
BBP can inhibit the activation of the NLRP3 inflammasome by 
upregulating the cAMP/PKA/CREB protein pathway to exert its 
anti-colitis effect.

The effect of BBP on the abundance and diversity of the intesti-
nal microbiota
In recent years, it has become evident that the intestinal flora plays 
a role in intestinal immunity.16 Further, recent research has demon-
strated that an imbalance in the gut microbiota is a crucial mech-
anism implicated in the pathogenesis of colitis.24 Therefore, we 
wondered whether BBP can regulate the gut microbiota to induce 
its anti-colitis effect. Accordingly, 16SrRNA analysis of the micro-
biota was performed on the intestinal contents of the experimental 
mice to investigate the possible mechanism underlying the effect 
of BBP in the treatment of UC.

As shown in Figure 7, compared to the NC group, the Shannon 
and Simpson indices of the UC group showed decreasing trends, 
but there were no statistically significant differences (p > 0.05). 
Compared to the DSS-treated group, the Shannon and Simpson 
indices of the BBP treatment group exhibited upward trends, but 
there were no significant differences (p > 0.05).

Next, beta diversity analysis was performed to evaluate the 
similarity of the mouse gut microbiota community. Principal 
component analysis, principal coordinates analysis, and non-
metric multi-dimensional scaling are important indicators of 
beta diversity. Here, the weighted UniFrac algorithm based on 
the out number was utilized to analyze the beta diversity of the 
samples. Principal component analysis and principal coordinates 
analysis showed that compared to mice in the DSS-treated group, 
the intestinal microflora composition of mice in the BBP treat-
ment group showed significant changes (Fig. 8). The longer the 
distance between the different groups, the greater the difference 
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in the intestinal microflora. In the non-metric multi-dimensional 
scaling analysis, stress < 0.05 indicates that the data are highly 
representative. Thus, it can be seen that the microbial communi-
ties of the NC and DSS-treated groups were significantly separat-

ed, while the microbial communities of the NC and BBP groups 
were closer.

LEfSe analysis was performed to identify the bacterial commu-
nities.25 The differences in the abundance of microbial communi-

Fig. 2. BBP effectively alleviates the symptoms of DSS-induced colitis. (a) Body weight changes. (b) DAI score. (c) Representative photograph of the colon. 
(d) Length of colonic in experimental mice. (e) Representative images of colon pathologic damages with hematoxylin and eosin (H&E) staining, 200× mag-
nification, and histological score (#p < 0.05, ##p < 0.01, ###p < 0.001 versus normal; *p < 0.05, **p < 0.01, ***p < 0.001 versus DSS model). BBPH, bear bile 
powder high dose; BBPL, bear bile powder low dose; DSS, dextran sulfate sodium; NC, normal control; 5-ASA, 5-Amino salicylic acid.
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ties were analyzed from the phylum to species level. As shown in 
Figure 9, linear discriminant analysis combined with effect quan-
tity measurement was performed to analyze the differential mi-
crobiota in colitis mice. The results showed that Parabacteroides 
and Mucispirllum were the main dominant bacterial groups in the 
NC group compared with the DSS-treated group. Mucispirillum 
antagonizes the virulence of Salmonella to protect mice against 
colitis,26 while parabacteroides exert a positive regulatory influ-
ence on glucose and lipid metabolism.27 Therefore, DSS changed 
the composition of intestinal flora in mice. The comparison be-
tween the BBP group and the DSS-treated group showed that 
the main differential dominant bacteria in the BBP group were 
Mucispirillum and Eubacterium. Corynebacterium and Rumino-
coccaeae were the main differential bacteria in the DSS-treated 
group. Eubacterium plays a pivotal role in the body’s nutritional 
metabolism, maintenance of intestinal homeostasis, and metabo-
lism of BAs and cholesterol.28 Corynebacterium was found to be 
enriched in the duodenum of food-responsive diarrhea dogs pre-
treatment.29 Active IBD is usually accompanied by an increase 
in Ruminococcus gnavus,30 inducing dendritic cells to secrete 
TNF-α. This result indicates an increase in harmful bacterial com-
ponents in the DSS-treated group, while the main advantage of 
the BBP treatment group is the beneficial bacterial community, 

indicating that bear bile powder has the effect of regulating the 
composition of intestinal microbiota.

Discussion
UC is a chronic intestinal, mainly characterized by recurrent and 
persistent chronic non-specific inflammatory changes of the mu-
cosa and submucosa. The main pathological processes include 
excessive apoptosis of the intestinal epithelium, infiltration of in-
flammatory cells, disruption of the intestinal microenvironment, 
bacterial infection, and eventually, recurrent ulceration. Effective 
treatment strategies for UC aim to inhibit the apoptosis of colonic 
epithelial cells, promote the repair of damaged mucosa, and reduce 
the infiltration of inflammatory cells. 5-ASA is a classical drug for 
the treatment of UC. It is taken orally and works by inhibiting lipid 
oxidase and cyclooxygenase, thereby interfering with arachidonic 
acid.

This inhibition reduces the synthesis of lipoxygenase and cy-
clooxygenase, exerting anti-inflammatory effects and alleviating 
intestinal pathology. DSS can destroy the integrity of intestinal 
epithelial cells and break the mechanical barrier of the intestine, 
which can induce acute UC. The DSS UC mouse model, charac-
terized by certain immunological and histopathological akin to hu-
man UC, has been extensively employed in preclinical studies due 
to its reproducibility and controllability.31–33 In this experiment, 
an injury model of UC in mice was established through DSS ad-
ministration.

BBP is a well-known traditional Chinese medicine with heat-
clearing, detoxification, and anti-inflammatory effects.10,34 Its 
main active ingredient is lithocholic acid (LCA), which is often 
reduced in IBD patients.35 Research has shown that both LCA and 
UDCA can alleviate colitis.36 Currently, BBP is used in numerous 
Chinese patent medicines included in the Chinese Pharmacopoeia 
and serves as a major ingredient in clinical practice. In this study, 
we comprehensively investigated the therapeutic effects of BBP on 
UC and its potential underlying mechanisms.

In the present experiment, mice in the DSS-treated group ex-
hibited symptoms similar to those of UC patients, including diar-
rhea, blood in the stools, inflammatory infiltration, weight loss, 
and colonic ulceration. In contrast, the mice in the BBP treat-
ment group exhibited significant improvements in macroscopic 
damage, such as reduced blood in the stools, diarrhea, weight 

Fig. 4. Levels of inflammatory factors in experimental mice. (a) IL-6; (b) TNF-α; (c) IL-1β (#p < 0.05, ##p < 0.01 versus normal; *p < 0.05, **p < 0.01 versus 
DSS model). BBPH, bear bile powder high dose; BBPL, bear bile powder low dose; DSS, dextran sulfate sodium; IL-1β, interleukin-1β; IL-6, interleukin-6; NC, 
normal control; TNF-α, tumor necrosis factor-α; 5-ASA, 5-Amino salicylic acid.

Fig. 3. Spleen coefficient of mice (#p < 0.05, ##p < 0.01, ###p < 0.001 
versus normal; *p < 0.05, **p < 0.01, ***p < 0.001 versus DSS model). 
BBPH, bear bile powder high dose; BBPL, bear bile powder low dose; DSS, 
dextran sulfate sodium; NC, normal control; 5-ASA, 5-Amino salicylic acid.
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loss, and colon shortening, suggesting a potential anti-colitis ef-
fect of BBP. In addition, the mechanism underlying DSS-induced 
intestinal inflammation is closely associated with epithelial cell 
layer damage and abnormal alterations in colonic inflammatory 
mediators. In the present experiment, BBP effectively reduced 
the infiltration of inflammatory cells in colonic tissues and de-
creased the apoptosis of the colonic epithelium, thereby reducing 
the inflammatory response, preserving colon length, and alleviat-
ing colitis symptoms.

An increase in oxygen free radicals (OFR) is an important fac-
tor in the local inflammatory response and damage to the colonic 
mucosal tissue in UC. Low levels of SOD and high levels of NO in 
the body are key pathogenic factors in DSS-induced colitis. When 
the inflammatory response occurs in the intestine, increases in tis-
sue OFR and lipid peroxides occur, indicating lipid peroxidation. 
The end product of lipid peroxidation is MDA, so increases in OFR 
and MDA indicate an increase in oxidative reactions in the body. 
SOD, an important antioxidant enzyme in the antioxidant system, 
can block the action of OFR and prevent lipid peroxidation, ef-
fectively protecting cell membranes. Thus, SOD activity can be 
used as an important indicator of the antioxidant capacity of the 
body. The MPO level in tissues provides a direct assessment of the 
content of neutrophils in that tissue, which is positively correlated 
with the severity of UC.37 The findings of the current study indi-
cated that the T-SOD level was lower and NO, MDA, and MPO 
levels were higher in the DSS-treated group compared with the 

NC group, suggesting an increased oxidative response and inflam-
matory cell infiltration. BBP significantly increased antioxidation 
and reduced colitis cell infiltration. Thus, the results of the present 
study suggest that continuous treatment with BBP significantly re-
duces the severity of colonic injury and oxidative stress damage 
induced by DSS.

The abnormal immune response of UC is mainly manifested 
as an imbalance in cytokine release, including an increase in 
pro-inflammatory factors and a decrease in anti-inflammatory 
factors.38,39 IL-6 is a glycoprotein involved in inflammatory 
response and inflammatory cell chemotaxis. IL-1β, secreted by 
macrophages, lymphocytes, and monocytes, can induce the ex-
pression of TNF-α and other inflammatory factors, promoting an 
inflammatory response in the body. IL-1β is secreted by mac-
rophages, lymphocytes, and monocytes, which can induce the 
expression of TNF-α and other inflammatory factors, promoting 
the inflammatory response.40 The results of this study demon-
strated that the levels of pro-inflammatory factors IL-6, IL-1β, 
and TNF-α were significantly increased in mice in the DSS-treat-
ed group compared with the NC group. However, these levels 
were significantly decreased in the treatment group compared 
with the DSS-treated group, indicating that BBP has a strong 
anti-inflammatory effect in UC, comparable to the effect in the 
5-ASA-treated group.

The gut microbiota is closely related to UC,41 and dysbiosis of 
the gut microbiota affects the intestinal mucosal environment.40 

Fig. 5. The effect of BBP on oxidative stress in DSS-induced colitis mice. (a) T-SOD, (b) NO, (c)MPO, (d)MDA. (#p < 0.05, ##p < 0.01, ###p < 0.001 versus nor-
mal; *p < 0.05, **p < 0.01, ***p < 0.001 versus DSS model). BBPH, bear bile powder high dose; BBPL, bear bile powder low dose; DSS, dextran sulfate sodi-
um; MDA, malondialdehyde; MPO, myeloperoxidase; NC, normal control; NO, nitric oxide; T-SOD, total superoxide dismutase; 5-ASA, 5-Amino salicylic acid.
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The results of this experiment showed that harmful bacterial com-
ponents increased in the DSS-treated group, while the main domi-
nant bacterial group in the BBP treatment group was beneficial 
bacteria, indicating that bear bile powder regulates the composi-
tion of intestinal microbiota. Research to date has shown a close 
relationship between BA metabolism and the gut microbiota, as 
well as the progression of IBD.16 BBP, as a BA drug, contains BAs 
as its main active ingredients. We speculate that BBP’s regula-
tion of the gut microbiota may be related to the BA components 
of BBP; however, the specific connection and mechanism require 
further in-depth research. In summary, we believe that the efficacy 

of BBP in the treatment of colitis may be closely related to its pro-
motion of the mutual conversion between BAs and intestinal flora 
and the regulation of the intestinal flora composition. However, 
further research is still needed.

Recent studies have shown that the cAMP/PKA/P-CREB 
signaling pathway has an inhibitory effect on the inflammasome 
NLRP3. Recent studies have shown that NLRP3 inflammasome, 
mucosal immune response, and intestinal homeostasis exhibit 
complex interactions.42 Further, studies have demonstrated that 
cAMP-specific PDE4 can significantly inhibit cytokines of vari-
ous inflammatory cells, including macrophages, neutrophils, and 

Fig. 6. BBP regulates protein expression in colon tissue of UC mice. (a) cAMP/PKA/CREB expression of protein, (b) NLRP3 protein expression. #p < 0.05, ##p 
< 0.01 versus normal; *p < 0.05, **p < 0.01, ***p < 0.001 versus DSS model versus DSS model. BBPH, bear bile powder high dose; BBPL, bear bile powder 
low dose; cAMP, cyclic adenosine monophosphate; CREB, cAMP-response element binding protein; DSS, dextran sulfate sodium; NC, normal control; PKA, 
protein kinase A; 5-ASA, 5-Amino salicylic acid.
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intestinal epithelial cells.43,44 The results showed that compared 
with the NC group, the protein expression levels of cAMP, PKA, 
and P-CREB were significantly reduced in the DSS-treated 
group, while the expression of NLRP3 inflammasome protein 
was significantly increased. Compared with the DSS-treated 
group, the expression of cAMP, PKA, and P-CREB proteins was 
significantly increased in the BBP treatment group, while the 
expression of NLRP3 inflammasome protein was significantly 
reduced.

The experimental results in this study suggest that the poten-
tial mechanism by which BBP exerts its anti-colitis effects may 
be related to the upregulation of the cAMP/PKA/CREB signaling 
pathway, which then inhibits the expression of NLRP3 inflamma-
some-related proteins. In another study, LCA inhibited the acti-
vation of the NLRP3 inflammasome through the Takeda-G-pro-
tein-receptor-5 (TGR5)-cAMP-PKA axis, thereby improving the 
development of inflammation. TGR5 is a BA receptor located on 
the cell membrane that participates in regulating metabolism and 
inflammation.10 BAs can activate the TGR5 receptor to upregu-
late adenosine-activating enzyme activity,45 increase intracellular 
cAMP levels, and activate the cAMP/PKA/CREB signaling path-
way. However, BBP contains a large amount of BA components 
such as UDCA. Therefore, we speculate that the effects of BBP 
may also be related to the activation of the cAMP/PKA/CREB 

signaling pathway by the BA components of BBP. Nonetheless, 
experimental validation of this hypothesis is needed. At present, 
research shows that the cAMP/PKA/CREB signaling pathway can 
be activated by BA receptors, and the gut microbiota is also regu-
lated by BAs. There may be potential connections among them, 
requiring further in-depth research.

Conclusion
This study examined the anti-colitis effect of BBP. The findings 
showed that BBP effectively reduced inflammatory cell infiltra-
tion, decreased the inflammatory response, inhibited apoptosis of 
colonic epithelium, regulated the gut microbiota, increased the 
cAMP/PKA/CREB signaling pathway, and reduced the release of 
the NLRP3 inflammasome in a mouse model of UC. These find-
ings suggest that BBP may serve as a new treatment approach for 
UC, warranting further research and promotion. While these find-
ings offer an experimental basis for the development of new anti-
UC drugs, more studies are needed to be elucidated.
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