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ARTICLE INFO ABSTRACT

Keywords: Aim: Disturbed intestinal microbiota has been implicated in the inflammatory microenvironment
Polysaccharide of the colon, which usually results in ulcerative colitis (UC). Given the limitations of these drugs,
Colitis

it is important to explore alternative means of protecting the gut health from UC. This study
: N aimed to investigate the potential of polysaccharides as beneficial nutrients in the regulation of
Intestinal microbiota . . . . . . .
Bile acids the gut microbiota, which determines the inflammatory microenvironment of the colon.
TGRS Materials and methods: Mice were treated with dextran sulfate sodium (DSS) to evaluate the effects
and mechanisms of Lycium barbarum polysaccharide (LBP) in remodeling the inflammatory
microenvironment and improving gut health. Body weight and disease activity indices were
monitored daily. Hematoxylin and eosin staining was used to analyze colon dynamics. The levels
of inflammatory indicators and expression of MUC-2, claudin-1, ZO-1, and G-protein-coupled
receptor 5 (TGR5) were determined using assay kits and immunohistochemistry, respectively. 16S
rRNA high-throughput sequencing of the intestinal microbiota and liquid chromatography-
tandem mass spectrometry for related bile acids were used.
Results: LBP significantly improved the colonic tissue structure by upregulating MUC-2, claudin-1,
and ZO-1 protein expression. The bacterial genus Dubosiella was dominant in healthy mice, but
significantly decreased in mice treated with DSS. LBP rehabilitated Dubosiella in the sick guts of
DSS mice to a level close to that of healthy mice. The levels of other beneficial bacterial genera
Akkermansia and Bifidobacterium were also increased, whereas those of the harmful bacterial
genera Turicibacter, Clostridium_sensu_stricto_1, Escherichia-Shigella, and Faecalibaculum decreased.
The activity of beneficial bacteria promoted the bile acids lithocholic and deoxycholic acids in
mice with UC, which improved the gut barrier function through the upregulation of TGR5.
Conclusion: The inflammatory microenvironment in the gut is determined by the balance of the
gut microbiota. LBP showed great potential as a beneficial nutrient for rehabilitating Dubosiella
which is dominant in the gut of healthy mice. Nutrient-related LBP may play an important role in
gut health management.
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1. Introduction

Ulcerative colitis (UC), an inflammatory bowel disease (IBD), is usually associated with chronic and spontaneous recurrent
inflammation that begins in the rectum and progresses proximally to the colon, with ulceration and bloody diarrhea [1,2]. The etiology
and pathogenesis of UC are not completely understood but most likely include genetic susceptibility, immune abnormalities, envi-
ronmental factors, intestinal microbiota, and epithelial repair [3,4]. The side effects caused by long-term use of drugs to treat UC,
including hypertension, diabetes, osteoporosis caused by steroids, and bone marrow suppression by mercaptopurine, have attracted
widespread attention as safer and more convenient alternatives [5,6].

Lycium barbarum, a L. barbarum L. fruit, is a traditional herb in China that has served as a food medicine for more than 2500 years.
L. barbarum has been used in traditional Chinese medicine for its ability to nurture the liver, improve blurred vision, relieve headaches,
and alleviate abdominal pain [7]. Studies have demonstrated that L ycium barbarum polysaccharide (LBP) possesses multiple pre-
ventive and ameliorative effects, including antioxidant, anticancer, lipid-lowering, and lung lesion reduction [8-10]. Studies have
shown that LBP has anti-inflammatory effects. For instance, LBP enhances the gut barrier function and suppresses gut inflammation by
acting on the MLCK-MLC pathway [11]. Although LBP has been found to relieve intestinal inflammation, the pathogenesis of UC is
complicated and the mechanism of LBP efficacy in UC has not been entirely elucidated. Further studies are required to investigate the
mechanistic effects of LBP on the amelioration of UC.

Barrier function and gut microbiota have a profound impact on the initiation and development of UC [12]. The gut barrier protects
the host against unfriendly intestinal microbiota and metabolic toxins present in the intestinal tract [13]. It is formed by a goblet
cell-produced mucus layer and epithelial tight junctions that constitute a thick mucus barrier and maintain gut epithelial integrity,
respectively [14,15]. Unbalanced intestinal microbiota induces inflammation, reduces gut mucosal barrier function, increases bac-
terial translocation, and destroys the structural barrier by altering intestinal tight junction proteins [16,17].

Furthermore, dysbiosis of the intestinal microbiota induces abnormal alterations in metabolic products, such as bile acids (BAs),
which further worsen UC [18]. In terms of BAs, although a large proportion of primary BAs are absorbed through the terminal ileum
into the liver, some BAs enter the colon and are transformed by the intestinal microbiota into secondary BAs [19]. Previous studies
have found that BAs such as lithocholic acid (LCA) and deoxycholic acid (DCA) partly mitigate gut inflammation through G-pro-
tein-coupled receptor 5 (TGR5) [20]. LCA and DCA activate TGR5 to promote intestinal epithelial regeneration following injury,
thereby improving the gut [21].

We hypothesized that the ameliorative effect of LBP on UC occurs through the regulation of the intestinal microbiota as well as BA
metabolism, thereby enhancing the gut barrier. Thus, a UC model was created using dextran sulfate sodium (DSS) to explore the
regulatory action of LBP on intestinal microbiota and BAs.

2. Materials and methods
2.1. Materials and reagents

DSS (36-50 kDa) was purchased from MP Biomedicals (Canada). Mesalazine was obtained from Sunflower Pharmaceutical Group
Co. Ltd. (Heilongjiang, China). The crude extract of LBP was obtained from Yikangtang Pharmaceutical Co., Ltd. (Chengdu, China).
Antibodies against MUC-2 (27675-1-AP) and claudin-1 (28674-1-AP) were purchased from Proteintech (Wuhan, China). Antibodies
against ZO-1 (AF5145) and TGR5 (DF14067) were purchased from Affinity Biosciences (Jiangsu, China). Enzyme-linked immune
sorbent assay (ELISA) kits based on IL-1f, IL-6, TNF-a, and lipopolysaccharides (LPS) were supplied by Meimian (Jiangsu, China). A
myeloperoxidase (MPO) activity assay kit was obtained from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Chemicals
and reagents were provided by Chron Chemicals (Chengdu, China).
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Fig. 1. Design of animal studies. Mice were given LBP preventively for 22 days after one week of adaptive feeding. UC model was induced with 2 %
DSS starting on day 22 with concurrent LBP administration. LBP: Lycium barbarum polysaccharide; DSS: dextran sulfate sodium.
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2.2. Animal experiment

A total of 30 C57BL/6 male mice (6-8 weeks old, 18-22 g) were obtained from Chengdu Dashuo Co., Ltd. (Sichuan, China). Mice
were dieted in an animal laboratory at 20-25 °C with sufficient food and water. Mice were assigned to control, DSS, low-dose LBP (LBP-
L), high-dose LBP (LBP-H), and mesalazine groups (n = 6 mice per group). According to the animal experimental plan referenced in the
literature with appropriate adjustments [22,23], from days 1-30, mice in the control and DSS groups received water daily by gastric
lavage, whereas mice in the LBP-L and LBP-H groups were administered 150 and 300 mg/kg LBP daily, respectively (Fig. 1). The
mesalazine group received water daily from days 1-21 and 230 mg/kg mesalazine once daily from days 22-30. A 2 % (w/v) DSS
solution was used to induce UC from days 22-30. Mesalazine was used as a positive control. The animals were euthanized on day 31
after stool and blood sample collection. Colon samples and colon contents were harvested and immediately frozen at —80 °C for future
use.

2.3. Disease activity index

Individual mice from the five groups were weighed weekly during the first three weeks and every day for the following nine days
when DSS was added. Rectal bleeding and stool consistency of these mice were monitored daily for the last nine days. The disease
activity index (DAI) was assessed following previous literature [24].

2.4. Hematoxylin and eosin staining

Colon samples were immersed overnight in 4 % (v/v) paraformaldehyde. Immersed colons were subsequently dewatered, paraffin-
embedded and cut into 5-pm thick slices. The sections were processed for hematoxylin and eosin (H&E) staining, covered with neutral
gum, and examined under a microscope.

2.5. Measurement of pro-inflammatory cytokines and LPS and MPO content

Pro-inflammatory cytokines, including IL-16, IL-6, and TNF-a in colon tissues as well as in the serum were detected among the five
groups using ELISA kits, following the manufacturer’s instructions. The concentration of LPS in the serum samples was examined using
a mouse LPS assay kit, following the manufacturer’s instructions. Colon tissues were homogenized in PBS buffer, and total protein was
determined using a BCA kit. The serum was separated via 20 min centrifugation at 3000 rpm. MPO levels in colon samples were
determined according to the manufacturer’s protocol.

2.6. Immunohistochemical analysis

The mucosal layer protein, MUC-2, and proteins associated with tight junctions, including claudin-1 and ZO-1, were evaluated in
the colon using immunohistochemistry. These proteins negatively correlated with UC [25,26]. In addition, the expression level of the
BA receptor TGR5 in the colon was measured using immunohistochemical analysis. The antigens were repaired using buffered sodium
citrate (pH 6.0). Peroxidase enzymes were blocked with 3 % hydroperoxide. The sections were then incubated with appropriate
primary antibodies and secondary antibodies conjugated to HRP successively. Protein expression was visualized using DAB chro-
mogenic solution. Images of sections were obtained using an optical microscope.

2.7. 16S rRNA sequencing of intestinal microbiota

The intestinal microbiota analysis of mouse colon content samples was performed at Majorbio Bio-Pham Technology Co., Ltd.
(Shanghai, China). Total DNA was extracted from mouse colon samples using a DNA extraction kit. Following concentration and purity
analyses, the DNA was frozen at —80 °C and used as the template for amplification via PCR. The 16S rRNA hypervariable region,
V3-V4, was amplified by PCR using a set of 338F-806R primers. The PCR products were recovered, purified, quantified, and
sequenced. Quality control, splicing, clustering, and classification of the original sequences were performed. Raw data were deposited
in the Sequence Read Archive (SRA) database of NCBI (BioProject ID: PRINA958471) and analyzed online on the Majorbio Cloud
Platform (www.majorbio.com).

2.8. Fecal BA measurement

Briefly, fecal samples (20 mg) were homogenized with 200 pL methanol/acetonitrile (v/v = 2:8) and 10 pL internal standard mixed
solution (1 pg/mL). The extracts were placed at —20 °C to precipitate protein for 10 min. The supernatant was collected by centri-
fugation (12,000 rpm, 4 °C) for 10 min, dried by evaporation, and redissolved with 100 pL 50 % methanol (v/v) for subsequent LC-MS
detection. The temperature of the column was 40 °C and the ESI source temperature was 550 °C. BAs were analyzed using multiple
reaction monitoring and quantitation was performed according to their respective standard curves.
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Fig. 2. LBP alleviated UC symptoms. (A) Body weight comparison. (B) DAL (C) Macroscopic pictures of colons. (D) Colon length comparison. (E)

H&E stains of colon sections with scale bars of

50 pm ( x 10) and 20 pm ( x 20). Blue arrow denotes surface epithelial erosion, black arrows denote

crypt structure, red arrows denote inflammatory cell infiltration, and yellow arrow denotes submucosal edema. Data are shown as mean + SEM (n
= 6). One-way and two-way ANOVA was performed to assess statistically significant differences. Body weight and DAI analysis were performed with

two-way ANOVA and others with one-way AN

OVA. *p < 0.05 and **p < 0.01 compared to DSS group. LBP: Lycium barbarum polysaccharide; DAI:

disease activity index; UC: ulcerative colitis; DSS: dextran sulfate sodium
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Fig. 3. LBP inhibited production of inflammation-related indicators and improved gut barrier function. (A-C) IL-1p, IL-6, and TNF-« levels among
colon tissues. (D) MPO levels in colon tissues. (E-G) IL-1p, IL-6, and TNF-a levels in serum. (H) LPS levels in serum. (I) Immunohistochemical
analysis of gut barrier-associated proteins MUC-2, claudin-1, and ZO-1 with scale bar of 50 pm ( x 10). Data are shown as mean + SEM (n = 6). One-
way ANOVA was performed to assess statistically significant differences. *p < 0.05 and **p < 0.01. LBP: Lycium barbarum polysaccharide; MPO:
Tyeloperoxidase.

2.9. Statistical analysis

One-way and two-way analysis of variance (ANOVA) were performed using GraphPad Prism software (version 9.0). Data were
displayed as mean =+ standard error of the mean (SEM). Statistical significance was set at p < 0.05.

3. Results
3.1. LBP significantly reduced inflammatory symptoms in mice with UC

The efficacy of LBP in mice with UC was investigated. DSS induces obvious clinical characteristics of UC in humans, including
decreased body weight, diarrhea, and bloody stools. In the DSS group, the body weight of the mice was remarkably lower than that in
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Fig. 4. Analysis of 16S rRNA of microbiota in colon contents on OTU level and alpha and beta diversities. (A) Analysis of Venn diagram among the
five groups. (B) Simpson index analysis of alpha diversity. (C) PCoA analysis. (D) NMDS analysis. Data are shown as mean + SEM (n = 6). One-way
ANOVA was performed to assess statistically significant differences. *p < 0.05 and **p < 0.01. OTU: operational taxonomic unit.
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the control group; however, both LBP-L and LBP-H significantly attenuated body weight loss (Fig. 2A). The DAI was considerably
higher in the DSS group compared to the control group (Fig. 2B). LBP-L and LBP-H had a significant effect on UC with mild diarrhea
and bloody stools compared to the DSS group. The colon was cut short due to UC, and LBP-L and LBP-H reversed the adverse effects on
colon length in mice with UC (Fig. 2C and D). LBP-H showed better efficacy than LBP-L in alleviating the symptoms of weight loss,
increasing the DAI and shortening the colon caused by UC. The colon structure in the DSS group was severely disrupted with surface
epithelial erosion, crypt destruction, inflammatory cell infiltration, and submucosal edema (Fig. 2E). LBP-L and LBP-H alleviate
structural disruption in mice with UC.

3.2. LBP attenuated colon damage by suppressing production of inflammatory indicators and upregulating mucin and tight junction proteins

Inflammation-related indicators were examined in colon tissue and serum samples. The pro-inflammatory cytokines IL-1, IL-6, and
TNF-a were remarkably raised in the DSS group compared to the control group (Fig. 3A-C). However, treatment with LBP-L and LBP-H
significantly reversed this effect. MPO marks tissue damage and neutrophilic inflammation, and indicates the degree of intestinal
inflammation [27]. MPO content in the DSS group was substantially elevated compared to that in the control group, while LBP-L and
LBP-H reduced its expression (Fig. 3D). Pro-inflammatory cytokines levels were determined together with LPS levels in the serum
(Fig. 3E-H). In addition, the levels of these indicators were considerably higher in the DSS group compared to the control group. In
contrast to those in the DSS group, the levels of LBP-L and LBP-H were significantly reduced. The results of inflammation-related
indicators showed that LBP-H reduced the levels of these indicators to a greater extent than LBP-L and showed a superior
anti-inflammatory effect (Fig. 3A-H). LBP was further evaluated on the barrier function of intestinal epithelial cells, as indicated by the
mucosal layer protein MUC-2 and tight junction proteins claudin-1 and ZO-1 (Fig. 3I). The levels of MUC-2, claudin-1, and ZO-1 in the
colonic epithelial tissues were lower in the DSS group than those in the control group. However, these proteins showed higher
expression levels in the LBP group than in the DSS group. These findings suggest that LBP can inhibit inflammatory indicators to reduce
UC and reverse the reduction in gut barrier function in mice with UC.

3.3. LBP regulated intestinal microbiota composition

3.3.1. LBP changed microbiota at operational taxonomic unit level and diversity

We identified the intestinal microbiota structures of all groups based on the variable regions V3-V4 by sequencing the 16S rRNA
genes. The Venn diagram revealed that 151 unique operational taxonomic units (OTUs) were shared among the five groups (Fig. 4A).
In the control group, 226 OTUs were identified: 415 in the DSS group, 399 in the LBP-L group, 367 in the LBP-H group, and 353 in the
mesalazine group. The microbial diversity in the DSS group differed from that in the control and LBP-H groups (Fig. 4B). The overall
microbial community structure similarity was analyzed using beta diversity. The results of PCoA and NMDS based on the Bray-Curtis
analysis demonstrated that the microbial community structure of the DSS group was different from that of the control group (Fig. 4C
and D). Compared to the DSS group, the structure of the microbial community in the LBP-L and LBP-H groups was more similar to that
of the control group.

3.3.2. LBP influenced microbial community compositions of the gut

The relative abundance of the intestinal microbiota was investigated. The abundance of the top 15 species among all experimental
groups is shown (Fig. 5A). Turicibacter and Escherichia-Shigella were undetectable in the control group. Dubosiella levels decreased but
those for Turicibacter and Escherichia-Shigella increased in the DSS group. The microbiota in mice with UC that were treated with LBP-L
and LBP-H were brought towards that presented in the control group. LBP-H also elevated Lactobacillus levels in mice with UC.
Dubosiella levels were high in the control group and recovered after the administration of LBP, and LBP-H recovered its abundance to a
greater extent than LBP-L. The bacteria that were significantly altered at the genus level in the five groups are shown (Fig. 5B). In
addition to the genera that varied significantly among the five groups, the enrichment of Clostridium_sensu_stricto_1 and Faecalibaculum
was elevated in the DSS group compared to the control group. Both LBP-L and LBP-H increased Akkermansia and Bifidobacterium
richness and reduced Clostridium_sensu_stricto_1 and Faecalibaculum abundance compared to the DSS group. The heatmap shows the gut
bacterial composition of the top 30 genera in terms of total abundance on genus level (Fig. 5C). The dominant bacterial genera in the
DSS group differed from those in the control group. The dominant bacteria in the LBP-L and LBP-H groups were similar to those in the
control group, indicating that LBP may affect the intestinal microbiota richness of mice with UC to restore UC-induced intestinal
microbiota imbalance. The community compositions of the five groups at the species level are shown (Fig. 5D). The uncultur-
ed bacterium g Dubosiella, belonging to the genus Dubosiella and showing the highest variation in abundance among the five groups,
was not annotated because it could not be cultured. Some specific bacterial strains in the DSS group were found to be less abundant
than those in the control group, including Lactobacillus_johnsonii and Lactobacillus reuteri but were increased in the LBP-H group.
Administration of LBP increased the abundance of the Akkermansia muciniphila.

3.4. Effect of LBP on BA metabolism

Since dysbiosis of BAs promotes intestinal inflammation [20], we further analyzed the effect of LBP on BA metabolism and its
association with the intestinal microbiota. In the present study, 13 BAs were identified in the fecal samples from the five groups
(Fig. 6A). The levels of most BA metabolites were higher in the LBP-L and/or LBP-H groups than in the DSS group. Notably, the
contents of LCA and DCA, the natural ligands of TGR5, were diminished in the DSS group compared to the control group, whereas
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LBP-H slightly elevated the LCA content and significantly increased DCA. TGRS expression in the DSS group was lower than that in the
control group (Fig. 6B). However, it was upregulated after LBP treatment. Spearman’s correlation analysis was performed on fecal BA
and intestinal microbiota genera to explore the relationship between unbalanced fecal BA metabolism and intestinal microbiota
dysbiosis during UC (Fig. 6C). We found that LCA and DCA positively correlated with Dubosiella and Lactobacillus, and negatively
correlated with Faecalibaculum, Turicibacter, Clostridium sensu stricto_1, and Escherichia-Shigella. These results suggest that LBP ame-
liorates UC-induced BA imbalance and upregulates TGR5 expression.

4. Discussion

UC is an IBD with clinical manifestations such as recurrent bellyache, abdominal diarrhea, and blood in the stool. Over the past few
years, the global prevalence of UC has increased rapidly [28,29]. Because UC is characterized by prolonged progression and easy
recurrence, it often affects the lives of patients and increases the risk of colorectal cancer [30]. Only a few specific drugs are available
for UC treatment. The approaches include innovative drugs to break the inflammatory cycle, promote epithelial barrier repair, and
restore gut microbial homeostasis, such as FMT [31,32]. Mesalazine is a conventional drug recognized for its therapeutic effects on UC
so was used as a positive control in the current study.

Natural compounds have received considerable attention for their ability to alleviate inflammatory diseases because of their low
toxicity and efficacy. LBP was found to ameliorate inflammatory diseases. LBP extract significantly reduced the expression of in-
flammatory mediators and matrix metalloproteinases in type II collagen-induced arthritis, maintained bone integrity, and attenuated
arthritis in mice [33]. LBP inhibits liver inflammation by modulating intestinal bacterial homeostasis, reducing intestinal permeability,
and decreasing LPS [34]. Additionally, LBP regulates immunity and improves overall health. Because of the remarkable potency of LBP
with few side effects, its function as an alternative for UC amelioration is worth investigating.

In the present study, we assessed the effects of LBP on UC. We estimated the efficacy of LBP in the remission of UC, improvement of
gut barrier integrity, and modulation of the intestinal microbiota and BAs metabolic products. LBP showed a remarkable effect in
recovering disruptions in mice with UC. LBP reversed body weight loss in mice with UC. The decrease in DAL increase in colon length,
and protection of the colon structure resulting from LBP were similar to those observed with mesalazine. The pro-inflammatory cy-
tokines IL-1p, IL-6, and TNF-a have been frequently detected and related to inflammation severity in UC [35]. In the current study,
their concentrations increased dramatically in the DSS group. LBP significantly reduced the MPO and LPS levels. These results indicate
that LBP-H was more effective than LBP-L. This suggests that LBP ameliorates UC by mitigating inflammatory symptoms and inhibiting
proinflammatory cytokines.

Intestinal microbiota is vital for the well-being of the host and is involved in UC progression [36-38]. UC is associated with in-
testinal microbiota [39]. The Simpson index results showed that LBP reversed changes in intestinal microbiota diversity among mice
with UC, making them more similar to healthy mice. PCoA and NMDS analyses revealed that LBP restored the intestinal bacterial
community disturbed by UC to healthy communities, as in the control group. Both LBP and mesalazine ameliorated intestinal
microbiota dysbiosis in mice with UC. Notably, PCoA and intestinal microbiota composition analyses showed similarities in the in-
testinal microbiota composition and structure between the LBP and mesalazine groups. We speculate that LBP and mesalazine have
similar alleviative effects on the intestinal microbiota in mice with UC.

The present study showed that Turicibacter, Clostridium sensu_stricto_1, Escherichia-Shigella, and Faecalibaculum were significantly
elevated in the DSS group versus the control group. Turicibacter, Clostridium_sensu stricto_1, and Escherichia-Shigella are usually linked to
UC and belong to opportunistic pathogens that increase in the intestine of mice with colitis [40-43]. Faecalibaculum, which are
considered harmful bacteria, is negatively correlated with the production of beneficial metabolites in the intestine [44]. Both LBP-L
and LBP-H considerably lowered the abundance of these genera, which became closer to that of the control group. Meanwhile, the
genera Akkermansia and Bifidobacterium were increased in the LBP-L and LBP-H groups and have been reported to be beneficial for
intestinal health [45,46]. Akkermansia_muciniphila, Lactobacillus_johnsonii, and Lactobacillus reuteri have been isolated and shown to
have good anti-inflammatory effects in the treatment of UC [47-50]. Akkermansia_muciniphila stimulates mucin production and im-
proves the gut barrier function to alleviate inflammation [51]. These bacteria were abundant after LBP administration in mice with UC,
which may explain the significant effects of LBP on UC remission.

In particular, Dubosiella was dominant in the guts of healthy mice, with the most prominent alterations in abundance among all
groups. Dubosiella has been reported to dramatically decrease in abundance in a mouse model of UC, and may play a role in reducing
colitis [52]. As a beneficial bacterial genus, it is negatively correlated with the level of inflammation in UC and protects against UC [53,
54]. Few studies have reported the biological properties and effects of Dubosiella [55]. The exact mechanism underlying Dubosiella in
UC is even less clear, partly because this genus cannot be cultured and isolated; therefore, further in vivo experiments have not been
performed to verify this. The effect of Dubosiella on UC requires further exploration. In this study, both LBP-L and LBP-H significantly
restored the abundance of Dubosiella in mice with UC, and LBP-H was more potent, suggesting that the role of changes in the abundance
of Dubosiella in improving UC via LBP is attractive.

Celery soluble dietary fiber antagonizing flavonoids could alleviate DSS-induced colitis in mice by reducing the abundance of the
harmful bacterial genera Escherichia-Shigella and Clostridium_sensu_stricto_1 while promoting the colonization of the beneficial bacterial
genus Akkermansia in the gut [56]. In addition, Atractylodes macrocephala Koidz. volatile oil ameliorates UC by increasing Akkermansia
and decreasing the pathogenic bacterial genus Turicibacter [57]. In our study, LBP could also alleviate UC by modulating intestinal
bacteria, reducing the colonization of the Escherichia-Shigella, Clostridium sensu stricto_1, and Turicibacter while promoting the colo-
nization of Akkermansia, which is consistent with the literature. Notably, the modulation of Dubosiella, a potentially beneficial in-
testinal bacterial genus, by LBP was the most obvious and unique finding in this study, and further mechanisms regarding the
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improvement of UC by LBP through such modulation deserve to be investigated more thoroughly. The significant modulation of
Dubosiella by LBP was similar to that of mesalazine, which is recognized as an effective drug for the treatment of UC, suggesting that
LBP has a remarkable ameliorative effect against UC. Other polysaccharides, such as Crataegus pinnatifida polysaccharide [58] and
Astragalus polysaccharide [59], could improve UC by modulating gut bacteria. However, LBP had a unique advantage in significantly
modulating Dubosiella similar to mesalazine.

Intestinal microbiota can influence the production of intestinal metabolites, which mediate the interaction between intestinal
bacteria and the host [18]. BAs, which act as beneficial intestinal metabolites, significantly affect the regulation of metabolic ho-
meostasis and local immunomodulation by binding to TGR5 [60]. Previous studies have found that LCA and DCA can reduce intestinal
inflammation in part, depending on TGR5, which promotes intestinal epithelial regeneration [20,21]. The present study indicates that
LBP promotes the production of LCA and DCA and the expression of TGR5 in mice with UC. Intestinal inflammation destroys the gut
barrier and increases intestinal permeability, thereby exacerbating inflammation [61,62]. An intact gut barrier prevents damage to the
intestinal microbiota and harmful metabolites from invading the host [13]. The intestinal mucosal protein MUC-2 and tight junction
proteins claudin-1 and ZO-1 are major constituents of the gut barrier. In this study, LBP maintained the integrity of the intestinal
epithelium and crypt structure, upregulated MUC-2, claudin-1, and ZO-1 protein expression, and improved gut barrier function. These
results suggest that LBP influences intestinal BA metabolism by regulating intestinal bacteria, and the promotion of LCA and DCA
production by LBP improves gut barrier function to alleviate colonic inflammation by upregulating TGR5 expression.

Furthermore, the association analysis of intestinal microbiota and BAs revealed that Dubosiella and Lactobacillus were positively
associated with the production of most BAs, whereas Faecalibaculum, Turicibacter, Clostridium sensu_stricto_1, and Escherichia-Shigella
were negatively related to the production of some BAs. Dubosiella significantly promotes LCA and DCA production. In mice with colitis,
the abundance of Dubosiella decreased sharply; however, LBP significantly increased the abundance of Dubosiella towards that in
normal mice, suggesting that Dubosiella may play an important role in ameliorating colitis by regulating BA metabolism. Nonetheless,
the relationship between Dubosiella and UC and the mechanisms of regulation still need to be further explored.

5. Conclusion

Our study showed that LBP ameliorated the symptoms of UC. To the best of our knowledge, this is the first instance revealing the
possible mechanism that LBP can boost the abundance of Dubosiella in intestinal microbiota, resulting in an increase in LCA and DCA,
thereby increasing the expression of TGR5 and ultimately strengthening the intestinal barrier (Fig. 7). In this process, the change in the
abundance of Dubosiella was the most significant triggering factor. Our study showed that LBP could alleviate UC symptoms and

2%DSS LBP+2%DSS

Turicibacter Turicibacter ¢

Escherichia-Shigella Escherichia-Shigella
Dubosiella

Dubosiella Akkermansia_muciniphila
Lactobacillus_johnsonii Lactobacillus_johnsonii
Lactobacillus_reuteri Lactobacillus_reuteri

Intestinal microbiota Intestinal microbiota

(LCA DCA) (LCA DCA)
Bile acids Bile acids
TGRSV TGR54

YMUC-2
VTIs
Permedbility4
Gut barrier Gut barrier A
Colonic inflammation * Colonic inflammation +

Fig. 7. Schematic diagram representing influence of LBP on intestinal microbiota, bile acid metabolites, and gut barrier in mice with UC. LBP:
Lycium barbarum polysaccharide; UC: ulcerative colitis.
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achieve an effect similar to that of mesalazine. We propose that certain ingredients derived from foods could be used as a new
alternative strategy for the amelioration of UC. Moreover, owing to their high efficiency and low toxicity, they can be safely used. The
mechanism of action of Dubosiella in LBP remodeling of the colonic inflammatory microenvironment and improvement of intestinal
health needs to be further investigated.
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