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ARTICLE INFO ABSTRACT

Keywords: Ulcerative colitis (UC) is a non-specific inflammatory bowel disease that has a high rate of recurrence, devel-

Polysaccharide opment of novel therapeutic approaches with high efficacy and few adverse effects are still needed. Dioscoreae

ﬁl.ceratlve colitis persimilis is an edible plant that has been widely consumed as a remedy for gastrointestinal diseases in traditional
1ce

Chinese medicine. Polysaccharides have been proven to have protective effects on UC. However, the role of
polysaccharides from D. persimilis in UC has not been studied yet. The refined D. persimilis Polysaccharide (DP),
which consists of glucose and galactose, was extracted and purified using three-phase partitioning (TPP) method.
The primary chemical and structural characteristics of DP were investigated by UV, FT-IR, molecular weight, and
monosaccharide composition. Based on dextran sulfate sodium (DSS) induced UC in mice, the alleviatory effect of
DP on UC was explored. DP was found to alleviate histopathological changes of colon, improve colonic antiox-
idant capacity and ameliorate inflammation response in colitis mice. Moreover, 16S rDNA sequencing of fecal
revealed that DP could restore the diversity and composition of gut microbiota, especially up-regulates the
abundance of Acetatifactor, Lachnospiraceae, and Lactobacillus, and increase the ratio of Firmicutes/Bacteroidetes.
According to this study, DP has the potential to serve as an effective nutritional supplement for improving colitis.

Dioscoreae persimilis
Microbiota composition

1. Introduction

Ulcerative colitis (UC), as one of the main forms of inflammatory
bowel disease (IBD), is characterized by chronic inflammation and ul-
cerative lesions in the intestinal mucosa of the rectum and colon. Clin-
ical symptoms of UC include diarrhea, bloody stools and weight loss.
Available evidence indicates that with the changing dietary habits in
recent years, the incidence of UC has shown an upward trend in modern
countries.” The current drugs used to treat UC, such as 5-aminosalicy-
lates, immunosuppressants, corticosteroids and antibacterial, can be
challenging to effectively control the exacerbation of the disease and may
even lead to some side effects with long-term use.>* Therefore, it is
crucial to investigate new drugs that have a proven effectiveness in
treating UC with fewer adverse effects in order to improve the quality of
life for patients.

Dioscorea persimilis Prain et. Burk., commonly known as Guang yam in
Chinese, is a plant from the Dioscoreaceae family. Its tubers have been
utilized as a food source and for medicinal purposes, particularly for
gastrointestinal ailments, in traditional folk medicine for several
millennia.” D. persimilis is a species commonly found in Guangxi,
Guangdong province of China. It has been utilized in traditional Chinese
medicine (TCM) to treat various ailments including diarrhea, intestinal
disease, long-term dysentery, metritis and kidney failure.® Additionally,
D. persimilis has other related species (Dioscoreaceae family), such as
Dioscorea opposite, Dioscorea japonica and Dioscorea alata, which were also
used as yam. Previous studies have primarily concentrated on D. opposite
and have demonstrated its various pharmacological functions, such as
anti-inflammatory, antioxidant, antitumor, estrogenic and gastrointes-
tinal effects.” '° Additionally, polysaccharides are recognized as impor-
tant components of D. opposite and contributes to numerous biological
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activities, including antihypoglycemic, antimutagenic, antioxidant,
growth-promoting, immune regulation and intestinal flora modu-
lation.!''” Despite being considered a valuable remedy, and even the
overall toxicity is lower than that of D. opposite in toxicity studies,'® the
chemical constituents and biological activities of D. persimilis have yet to
be fully understood. Previous studies have identified phenanthrenes,
phenolic constituents, and several secondary metabolites in
D. persimilis.>® However, there have been no reports on D. persimilis
polysaccharide.

It is currently believed that the pathogenesis of UC is associated with
the disruption of the bacterial community.'® The gut microbiota plays a
crucial role in shielding the gut from harm, and a stable and dynamic
balance of the intestinal community structure can help maintain overall
health and prevent inflammation by resisting the colonization of patho-
genic bacteria.?’ Clinical and experimental studies have demonstrated
that UC patients experience dysbiosis, resulting in changes to the
composition and function of their gut microbiota.?! As a result, re-
searchers have identified the gut microbiota as a new therapeutic target
for UC.

Recent studies have indicated that polysaccharides have a variety of
pharmacological effects, including protective effects on gastrointestinal
flora.?? %> Research studies have shown that polysaccharides extracted
from the sporoderm-broken spores of Ganoderma lucidum (BSGLP) have
the ability to suppress obesity and inflammation through regulating
inflammation, gut microbiota, and gut barrier function.?® Similarly,
SP2-1, a homogeneous polysaccharide obtained from Scutellaria baica-
lensis Georgi has been found to improve intestinal barrier function and
modulate gut microbiota, thereby ameliorating DSS-induced ulcerative
colitis.?” The pectic polysaccharides found in Aconitum carmichaelii
leaves have shown to provide protection against DSS-induced UC in mice.
This is achieved by influencing the metabolomic profiles in the serum
that are related to bacterial changes and regulating the composition of
gut microbiota.’® The modulation of intestinal flora has also been
observed with polysaccharides from D. oppositifolia. In a study, a man-
noglucan (CYP-1) isolated from D. oppositifolia was found to shape the gut
microbiota by decreasing the abundances of Alistipes, Helicobacter and
Enterobacteriaceae in DSS-induced colitis mice.'® However, the effects of
polysaccharides from D. persimilis on UC have not been investigated yet.

The oral DSS induced UC model exhibits clinical symptoms and his-
tological features that closely resemble human pathogenesis. By adjust-
ing the dose, researchers can establish models of acute or chronic colitis.
As a result, UC models induced by DSS induction have been primarily
used to study polysaccharide prevention.?”° In the present study, the
refined D. persimilis Polysaccharide (DP) was extracted and purified using
three-phase partitioning (TPP) method. The primary chemical and
structural properties of DP were analyzed using UV, FT-IR, molecular
weight and monosaccharide composition. The study focused on the
beneficial effects of DP on histopathological changes in colonic tissue
lesions, oxidative stress, and inflammatory responses in UC mice.
Furthermore, based on 16S rDNA sequencing, the impacts of DP on the
composition of gut microbiota were explored. This study may aid in
elucidating the role of DP in colitis and provide insight into the rela-
tionship between the host, microbe, and polysaccharide. It suggested that
DP may be used as a nutritional supplement to ameliorate colitis.

2. Materials and methods
2.1. Source and model of the instrument

D. persimilis was acquired from Guangdong Shizhen Pharmaceutical
Co., Ltd. (license: Yue 20180642, Guangdong Province, China). DSS
(molecular weight 36-50 kDa) was obtained from Dalian Meilun
Biotechnology Co., Ltd. (Liaoning Province, China); The tumor necrosis
factor-o (TNF-a), interleukin (IL)-1p, IL-6 ELISA kits were purchased from
Shanghai Enzyme Biotechnology Co., Ltd. (Shanghai, China); The BCA,
myeloperoxidase (MOP), SOD, GSH and MDA activity kits were
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purchased from Nanjing Jiancheng Institute of Bioengineering (Nanjing,
China). Dextrans, standard monosaccharides and trifluoroacetic acid
(TFA) were supplied by Macklin Biochemical Technology Co., Ltd.
(Shanghai, China). p-Glucose, sulfuric acid and phenol were purchased
from Guangzhou Reagent Co. (Guangzhou, China). All other agents were
of analytical grade.

2.2. Extraction and refinement of DP

Powder of D. persimilis (0.5 Kg) was soaked with ethanol (95%) for 12
h twice at room temperature, to remove ethanol-soluble substances. The
obtained powder was dried and extracted thrice with deionized water
(1:10 w/v, 80 °C), each time for 2 h. The combined aqueous extracts were
filtered and concentrated to 100 mL under reduced pressure at 65 °C to
obtain crude extract. Afterwards, the TPP method was carried out to
refine polysaccharide from D. persimilis according to a previous report”’
with minor modifications. Briefly, 20% (w/v) (NH4)2SO4 was added to
crude extract (100 mL) and vortexed gently, followed by the additional of
t-butanol (150 mL). To ensure a complete and quick phase separation, the
mixture was placed into a separating funnel. The separating funnel was
shaken gently and kept in stand for 30 min to separate the three phases
and the lower phase was collected, which was mainly composed of
(NH4)2SO4 and polysaccharide. The obtained lower phase was further
dialyzed (cut-off Mw 1000 Da) against distilled water for 48 h to remove
salts and concentrated, after which the solution was performed for
ethanol precipitation. The solution was precipitated by adding 95%
ethanol to a final concentration of 80% ethanol for 24 h at 4 °C. The
precipitate after centrifugation (3500 r, 10 min) was collected and
lyophilized. Ultimately, the refined D. persimilis polysaccharide (10.5 g)
was obtained, denoted as DP.

2.3. Primary characterization of DP

The extraction yield (%) of DP was estimated according to the
following equation: extraction yield (%, w/w) = [weight of the dried DP
(g)/weight of the original D. persimilis powder (g)] x 100%. The total
carbohydrate content of DP was determined by phenol-sulfuric acid
method using p-glucose as a standard.>?

The monosaccharide of DP was analyzed by high-performance liquid
chromatography (HPLC) through pre-column derivatization with 1-
phenyl-3methyl-5-pyrazolone (PMP) method.>*** Polysaccharide sam-
ple was hydrolyzed with 2 M TFA (w/v=8.0 mg: 2.0 mL) and hydrolyzed
at 120 °C for 4 h. The solution was concentrated and then washed with
methanol for three times. After remove excess TFA, the polysaccharide
sample and standard monosaccharides were derivatized with PMP
methanol solution. The derivatives were analyzed by an Agilent 1260
HPLC system (Agilent Technologies Corporation, Santa Clara, CA, USA)
coupled with an Agilent ZORBAX Eclipse XDB Cjg column (4.6 x 250
mm, 5 pm) and an ultraviolet detector. The mobile phase was composed
of 0.1 M phosphate buffer (pH 6.9)-acetonitrile (v/v = 83:17). The in-
jection volume was 20 pL and was detected at 250 nm.

The molecular weight of D. persimilis polysaccharide was investigated
by high-performance gel-permeation chromatography (HPGPC), which
was performed on a HPLC system equipped with a TSK-GEL G-3000
PWXL gel column (Tosoh Biosep, Yamaguchi, Japan) and a refractive
index detector (RID-10A, Shimadzu, Japan). The 0.02 M monopotassium
phosphate solution (KHyPO4) was used as the mobile phase with a flow
rate of 0.5 mL/min. The column was calibrated with T-series Dextran
(T1000, T500, T70, T40, T10, and T5) as standards.

The ultraviolet spectrum of the polysaccharide was scanned with a
SP-756P ultraviolet spectrophotometer from 200 to 400 nm. For Fourier
transform-infrared (FT-IR) spectrum analysis, polysaccharide sample (2
mg) and potassium bromide powder (100 mg) were mixed, pressed into a
disk by a mold, and analyzed with a PerkinElmer FT-IR spectrometer in
the 4000-400 cm™! region.*®
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Fig. 1. Characterization of DP. (A) HPGPC spectrum of DP. (B) UV spectrum of DP. (C) PMP derivative of monosaccharide standards and DP (1, Man; 2, Rha; 3, GluA;

4, GalA; 5, Glc; 6, Gal; 7, Xyl; 8, Ara). (D) FT-IR spectrum of DP.
2.4. Experimental animals and methods

2.4.1. Preparation of UC mouse model

C57BL/6 mice (six-week-old male, SCXK (Yue) 2018-0002) were
purchased from Guangdong Medical Experimental Animal Center and
had been acclimated for 7 days, during which the mice had free access to
food and water. Mice were kept in a 2342 °C room under conditions of
12 hlight/12 h darkness. Mice were divided randomly into three groups,
with 8 mice in each group. The DSS (2.0% w/v) was administered ad
libitum for 7 days to induce UC in mice.*® The normal control (NC) and
DSS groups received water, DP treatment group (400 mg/kg) received
the preventative administration for three days. The body weight of the
mice was measured regularly during the modeling period, and the dis-
ease activity index (DAI) was calculated according to the weight loss and
stool consistency and hematochezia following the criteria in Supple-
mentary Table S1.%7 At day 8, feces in each group were harvested. All
mice were anaesthetized by isoflurane, and serum were collected
immediately. The mice were fixed on the dissecting table, and the
abdomen was cut open with surgical scissors. To ensure the integrity of
the colon, the cecum and colon were cut together, the length of the colon
was measured using a ruler, and the colon tissue was collected.

2.4.2. Histopathological analysis

After washing the intestinal contents with normal saline, cut longi-
tudinally along the edge of the mesentery, a 1 cm proximal intestinal
segment near the anus was fixed with 4% paraformaldehyde (PFA),
dehydrated using 50%-100% ethanol, embedded in paraffin, and stained
with hematoxylin-eosin (H&E) based on the standard experimental
procedure. Finally, the morphological changes of the colon tissue were
observed under a 400-power optical microscope.

2.4.3. Assay of biochemical indicators
Colon tissue homogenate samples in each group were prepared by 50
mM ice-cold PBS solution, and BCA kit was used to measure protein

concentration. Then, the MPO, T-SOD and MDA activity assay kits were
used to determine antioxidant indexes (Jiancheng Bioengineering Insti-
tute, Nanjing, China).

Blood was collected into a 1.5 mL centrifuge tube, placed in a
refrigerated centrifuge at 4 °C for 30 min, and centrifuged at 3000 r/min
for 10 min to separate the serum. The levels of inflammatory cytokines
including TNF-a, IL-1f and IL-6, were measured using ELISA Kkits
(Abclonal, Wuhan, China) according to the manufacturer's instructions.

2.4.4. Gut microbiota analyses

Fecal samples from the NC, DSS and the DP-administered group were
randomly selected for intestinal flora analysis. Total genome DNA was
extracted according to manufacturer's protocols. The bacterial 16S rDNA
gene V3-V4 region was amplified using PCR, then the sequencing was
demultiplexed and quality-filtered performed using an Illumina MiSeq/
Novaseq (Illumina, San Diego, CA, USA) instrument manual. Reads were
then processed using the MiSeq Control Software (MCS)/Novaseq Con-
trol Software (NCS), which was performed at the GENEWIZ Bio-Pharm
Technology Co., Ltd. (Suzhou, China). OTU clustering sequence simi-
larity is set to 97%. o diversity (Shannon and Chaol index) was calcu-
lated using the method of random sampling sample sequences. Besides,
Rarefaction curves and Rank-Abundance graph can also reflect the spe-
cies richness and evenness. Principal coordinate analysis (PcoA) and
nonmetric multidimensional scaling (NMDS) which display p diversity
was calculated based on the distance between the matrix Brary-Curtis,
and UPGMA (Unweighted pair group method with arithmetic mean)
clustering tree was constructed. LEfSe analysis was conducted and the
criteria for feature selection set as linear discriminant analysis (LDA)
score >3.0.

2.4.5. Ethics approval

This study was performed in line with the principles of the Institu-
tional Animal Care. Approval was granted by the Ethics Committee of
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Fig. 2. Effects of DP on body weight, DAI scores, colon lengths and histological changes of UC mice. (A) Effect of DP on body weight of UC mice (n=38); (B) Effect of DP
on DAI score of UC mice (n=8); (C and D) Effect of DP on colon length of UC in mice (n=8); (E) H&E staining of intestinal tissue sections (n=3), x 400. ***P < 0.001,
**P < 0.01, *P < 0.05 versus DSS group; ###p < 0.001, ##p < 0.01 versus NC group; ns, P > 0.5.

Guangdong Pharmaceutical University, Guangdong, China [Approval
No. SPF2017510].

2.5. Statistics and analysis

Statistical analysis was performed using GraphPad Prism software
version 8.3.0 (GraphPad Software, San Diego, CA, USA), and all data
were presented as the mean + standard deviation (SD). Comparisons
between groups were analyzed using a one-way analysis of variance
(ANOVA) followed by Tukey's range test. A P value less than 0.05 was
considered to be statistically significant.

3. Results and discussion
3.1. Primary characterization of DP

DP was isolated by water extraction and refined by TPP method
combine ethanol-precipitation. The extraction yields of DP was 2.1% and
the carbohydrate content of the refined DP was found to be 73.8% based
on the calibration curve presented in Fig. S1. Results from HPGPC
spectrum showed that the refined DP was closely to a single, symmetric
peak, indicating that it with relatively high purity (Fig. 1A), and the mean
Mw of DP was found to be around 96.44 kDa. The UV spectra of DP as
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presented in Fig. 1B, lack of absorption at 260 nm and 280 nm revealed
that rarely protein and nuclear acid was found in DP. The mono-
saccharide composition of DP was performed by using PMP method and
HPLC system (Fig. 1C). DP consisted of 2 monosaccharides, including
glucose (94.92%) and galactose (5.08%). The FT-IR spectrum of DP has
the typical absorption peaks of a polysaccharide (Fig. 1D). The wide and
strong absorption at 3446 cm ™! and 3174 cm ™!, mainly due to the stretch
vibration of hydroxyl groups and attributed to the presence of intermo-
lecular hydrogen bonds in polysaccharide.® The strong absorption band
at 1608 cm ™! was attributed to the scissoring vibration of bound water
molecules.® The absorption peaks at 1402 cm ™! and 1367 cm ™! were the
result of C-H deformation vibrations and C-O-H bending vibrations.** 2
The absorption peaks at 1149 cm ™! and 1029 em ™! indicated the pres-
ence of the sugar ring C-O—C and pyranose.””**> Additionally, the small
absorption peak around 750 em ™! also was characteristic of pyranose.**
This is consistent with the monosaccharide composition that DP was
composed of Glc and Gal which are all pyranose.

3.2. Effect of DP on weight loss, colon length and DPI of UC mice

As shown in Fig. 2A, the weight loss was exacerbated remarkably in
comparison with the NC group mice, which was significantly impaired by
DP treatment. Meanwhile, compared to the NC group, the DAI score was
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Fig. 3. Effect of DP on oxidative stress and inflammatory cytokines. MOP (A), SOD (B), GSH (C) and MDA (D) in mice colon tissue (n=4). The levels of TNF-« (E), IL-1p
(F) and IL-6 (G) in the serum of mice (n=4). (*P < 0.05, **P < 0.01, ***P < 0.001 DP group vs. DSS group; #p < 0.05, ##p <« 0.01, ###p < 0.001 DSS group vs.

NC group.

greatly increased in the DSS group and DP administration could signifi-
cant relief this trend (P < 0.01) (Fig. 2B). Furthermore, the colon length
of DSS-treated mice was obviously shortened (P < 0.01) compared to the
NC group. Whereas the significant relief of colonic shortening by DP
treatment (P < 0.01) was displayed in Fig. 2C and D. The above results
indicated that the UC model was successfully established,?® and DP can
rescue the exacerbated weight loss, increased DAI index and colon
shortening caused by DSS-induced UC mice.

3.3. Effects of DP on the histopathological changes of UC mice

The histopathological changes of colon tissue were evaluated by H&E
staining. As shown in Fig. 2E, the significant inflammatory infiltration,
the severe damaged colonic mucosa epithelium and the loss of crypts
were found in the DSS group. Nevertheless, the lower degree of colon
damage was found in the DP treatment group in comparison with the DSS
group. DP treatment group mice exhibited the less inflammatory cell
infiltration, relatively intact colonic architecture and less mucosal dam-
age, indicating that the DP treatment play a role in mitigating histo-
pathological symptoms induced by DSS in UC mice.

3.4. Effects of DP on inflammation and inflammation-induced oxidation of
UC mice

As a local mediator of mucosal healing and the response of inflam-
mation in UC,* the expression of MPO in colon tissue was markedly
elevated in the DSS group than that of the NC group (Fig. 3A), indicating
that a severe inflammatory response in the colon of UC mice. Never-
theless, DP administration could dramatically reduce MPO in colon tis-
sues of UC mice (P < 0.01).

Given that oxidative stress accompanies inflammation and exacer-
bates inflammation-compromised epithelial integrity. Compared with
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the NC group, the expression of antioxidant enzyme SOD and GSH in the
DSS group were significantly decreased (P < 0.01). Otherwise, the level
of malondialdehyde (MDA) was remarkedly increased in the DSS group
in comparison with the NC group (Fig. 3D). The DP treatment reversed
the changes of MDA, SOD and GSH in mice with DSS-induced colitis
(Fig. 3B-D). These results showed that DP improved the intestinal
inflammation-induced oxidative stress response induced by DSS to a
certain extent.

Inflammation plays a key role in the pathogenesis and the therapeutic
target for UC.*® Inflammatory cytokines including TNF-«, IL-1p and IL-6
were detected to evaluate the effects of DP on inflammatory response. As
expected, the levels of TNF-q, IL-1f and IL-6 in DSS mice were notably
increased than that of the NC group (Fig. 3E-G). Whereas, DP adminis-
tration significantly inhibited the production of IL-1p, IL-6, and TNF-a in
serum induced by DSS (P < 0.05). Therefore, it was demonstrated that DP
intervention was able to attenuate inflammation in DSS-induced UC
mice.

3.5. Composition and abundance of the gut microbiota

The regulation of DP on the gut microbiota was evaluated by 16S
rDNA sequencing technology. As illustrated in Fig. 4A, the richness of gut
microbes was remarkedly lowed in DSS group when compared to NC
group in the microbial alpha diversity both in Chaol and Shannon.
However, there was no significantly difference in Chaol and Shannon
between DP group and NC group. In addition, the rank abundance curve
of DSS group dropped faster than that in NC and DP treatment group
(Fig. 4B), also indicating low species abundance in the DSS group. The
results of this study are similar to those of a previous study, in which
lower gut microbiome diversity has been found in the UC patients.*”
Whereas, the decreased species abundance in DSS mice was reversed
after the DP administration. As PcoA analysis in Fig. 4C shown, based on
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the Bray-Curtis distance at the OUT level, the DP group was well
differentiated from the DSS group, and trend to the NC group. Similarly,
as shown in Fig. 4D, NMDS analysis which also represented microbial
beta diversity demonstrated that the NC, DSS and DP groups distinctly
clustered with a stress than 0.151 (An NMDS value less than 0.2 indicates
its validity). Additionally, the NC, DSS and DP groups showed distinct
microbial landscapes in UPGMA clustering tree (Fig. 4E). Collectively,
according to microbial alpha diversity and beta diversity results, DP
administration restored gut microbiota diversity.

To reveal the composition of microbiota, microbial differences at
different levels (phylum, genus) were evaluated. In terms of the phylum
level, as can be seen from Fig. 5A, the major taxonomic composition were
Firmicutes, Bacteroidetes and Proteobacteria. There was an increase in
the relative abundance of Bacteroidetes and Proteobacteria, and a
reduction in the relative abundance of Firmicutes caused by the induc-
tion of colitis, in comparison with the NC group. It is believed that Fir-
micutes and Bacteroidetes are the two most prevalent phyla in the
gastrointestinal tract.*® Additionally, the ratio of Firmicutes to Bacter-
oidetes (F/B ratio) is considered as an important indicator to dysbiosis.
The decreased F/B ratio was observed in patients with colitis.** There is
evidences supports the idea that enterotoxigenic Bacteroides fragilis is
related to inflammatory bowel disease, whilst the abundance of Firmi-
cutes is negatively associated with gastrointestinal inflammation.® In our
study, the ratio of Firmicutes to Bacteroidetes was calculated. As shown
in Fig. S2, the ratio of Firmicutes to Bacteroidetes was significantly reduced
(P < 0.001) in the DSS group as compared to the NC group. On the
contrary, compared with the DSS mice, the ratio of Firmicutes to Bacter-
oidetes was evidently elevated (P < 0.05). Proteobacteria is a lager
phylum of pathogenic bacteria and often increased in inflammatory
bowel disease.”’ Our study documented that the intervention of DP
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significantly increased the F/B ratio and decreased the relative abun-
dance of Proteobacteria, which may be responsible for the protect effects
of DP on UC mice.

As presented in Fig. 5B, at the genus level, the distinct changes of gut
microbes mainly included f_Muribaculaceae Unclassified, Bacteroides,
Lactobacillus, Unclassified f Lachnospiraceae, Lachnospiraceae NK4A136_
group, Alloprevotella, Odoribacter and Ruminococcaceae UCG—014.
Compared to the NC group, the relative abundances of f Mur-
ibaculaceae_Unclassified, Bacteroides, Odoribacter  and  Rumino
coccaceae UCG—014 were evidently increased, but the levels of Lactoba-
cillus, Unclassified f Lachnospiraceae and Lachnospiraceae NK4A136_group
were significantly decreased in the DSS group. In the meantime, DP
administration notably increased the levels of Lactobacillus, Unclassified -
f Lachnospiraceae and Lachnospiraceae NK4A136 group, but significantly
decreased the relative abundances of f_Muribaculaceae Unclassified, Bac-
teroides, Odoribacter and Ruminococcaceae UCG—014 when compared to
the DSS group. Lactobacillus, which is a well-known probiotic and can
provide anti-inflammatory effects, was observed sharply elevated in the
DSS group. After the intervention of DP, Lactobacillus displayed a relative
enrichment, which might be associated with the DP-mediated alleviation
of colitis. Similar findings of polysaccharides from plant or fungus
increasing the abundance of Lactobacillus in inflammatory diseases were
reported.>? Lachnospiraceae, a family of digestive tract-associated bacteria,
has been reported to possess potent capabilities of degrading the poly-
saccharides. The decreased abundance of Lachnospiraceae may in trigger
the recurrence of UC.”® Lower amounts of Lachnospiraceae were also pre-
viously reported in UC patients.”* It's reported that the decreased abun-
dance of family Lachnospiraceae bacteria was observed in the ulcerative
colitis models compared to in the healthy subjects,” which was consistent
with our study. The present results suggested that DP could significantly
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Fig. 5. Comparisons of gut microbiota community in each group. The relative abundances of the major bacteria at (A) phylum, (B) genus levels. LEfSe analysis of DP
intervention on gut microbiota. (C) LDA score computed from features differentially abundant between NC, DSS and DP groups. (D) Taxonomic cladogram from
LEfSe analysis.
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enhance the levels of Lactobacillus and Lachnospiraceae and reduce the
relative abundance of Bacteroides, especially for Muribaculaceae and
Odoribacter, which is also thought to be associated with the DP-mediated
alleviation of colitis.

To identify the dominant bacterial communities after DP adminis-
tration, LEfSe analysis was conducted. OTUs with a LDA value of 3.0 or
higher were gathered. As shown in Fig. 5C, for the DSS group, Bacteroides
were dominant OTUs with LDA values higher than 3.0. Meanwhile,
values greater than 3.0 was Acetatifactor in the DP group. The graph of
evolutionary branches showed Bacteroidetes was the most abundant
bacterial community in DSS group, while Acetatifactor was dominant taxa
in DP administration group, which displayed a consistent tendency with
the above results. In the cladogram (Fig. 5D), each node which repre-
sented a species taxonomic type. Red nodes denote the taxonomic types
with more abundance in DP administrated group, the blue nodes repre-
sent the taxonomic types more abundant in NC group, whilst the green
nodes represent the taxonomic types more abundant in DSS group. And
the yellow nodes denote the species that are not significantly differen-
tiate with groups. Acetatifactor, a butyrate bacterium, has been demon-
strated to decrease in DSS-induced UC mice, which was in agreement
with previous study.>® Moreover, Butyric acid was reported to relieve UC
effectively.”’ However, the effects of DP on short-chain fatty acids
(SCFAs), especially butyrate are yet to be elucidated, further experiments
are need to be undertaken.

In summary, this study suggests that DP may have therapeutic effects
on UC due to its ability to both reduce inflammation and modulate the
diversity and composition of gut microbiota. Specifically, DP was found
to recover the abundance of beneficial bacteria such as Acetatifactor,
Lachnospiraceae, Lactobacillus and Proteobacteria, while also improving
the ratio of Firmicutes to Bacteroidetes. These findings suggest that DP
could be a potential treatment option for UC.

4. Conclusion

In this study, we utilized the TPP method to isolate the refined
D. persimilis polysaccharide (DP) with an average molecular weight of
96.44 kDa. DP is composed of glucose and galactose. We investigated the
effect of DP on DSS-induced ulcerative colitis in C57BL/6 mice. Our re-
sults showed that DP administration significantly ameliorated DSS-
induced colitis by reducing weight loss, rescuing colon length,
improving colonic mucosal damage, suppressing crypt loss, and inhibit-
ing inflammatory cell infiltrates. DP treatment was found to suppress
DSS-stimulated production of inflammatory cytokines such as TNF-a, IL-
1B, and IL-6, while also reducing oxidative stress in the colonic mucosa.
This suggests that DP may have a remedial effect against UC. Addition-
ally, 16S rDNA sequencing of gut microbiota showed that DP adminis-
tration could restore gut microbiota diversity, regulate the composition
of the gut microbiota, and prevent the imbalance of intestinal flora in
DSS-induced colitis in mice. Dietary supplementation with DP has been
shown to increase the relative abundances of beneficial bacteria such as
Acetatifactor, Lachnospiraceae and Lactobacillus, while decreasing the
relative abundance of Proteobacteria. Additionally, DP has been found to
increase the ratio of Firmicutes to Bacteroidetes, resulting in functional
changes in gut microbiota. Our study suggests that DP has the potential to
be used as a nutritional supplement to treat experimentally induced acute
UC in mice and may have promising benefits in ameliorating colitis.
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