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Objective: The treatment of ulcerative colitis (UC) remains challenging due to
limited efficacy and significant side effects. Organosilicone Double-Long-Chain
Diquaternary Ammonium Salt (JUC Spray Dressing) exhibits antibacterial, anti-
inflammatory, and wound-healing properties. This study aimed to evaluate the
therapeutic effects of JUC Spray Dressing in a Dextran Sulfate Sodium Salt (DSS)-
induced UC mouse model and explore its potential mechanisms of action.
Methods: A UC model was induced in mice using 3% DSS, followed by JUC Spray
Dressing enema treatment. Disease activity index (DAI), histological scores,
bacterial biofilms on the intestinal mucosa, and tight junction integrity were
assessed. Inflammatory cytokine levels in peripheral blood were measured, and
16S rDNA amplicon sequencing was performed to analyze cecal
microbiota composition.

Results: JUC Spray Dressing significantly alleviated UC symptoms and reduced
colonic congestion, with no significant difference compared to other treatment
groups (P > 0.05). All treatments significantly decreased the expression of
inflammatory cytokines in peripheral blood (P < 0.0001), with no significant
differences among the groups. Additionally, all treatments effectively reduced
biofilm thickness and bacterial abundance, improving intestinal barrier integrity.
JUC Spray Dressing inhibited harmful bacteria such as Bacteroides spp. without
significantly altering overall microbial composition.

Conclusions: JUC Spray Dressing effectively removes intestinal bacterial
biofilms, reduces inflammation, and enhances barrier function to alleviate UC
symptoms. lts efficacy appeared comparable to conventional treatments,
suggesting potential as an alternative therapeutic option; however, the present
study did not assess mucosal safety, and dedicated toxicology studies are
required to establish safety for intraluminal use.
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1 Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory
condition of the gastrointestinal tract that encompasses Crohn’s
disease (CD) and ulcerative colitis (UC) (1). With rapid
industrialization and the increasing westernization of dietary
habits in China, the incidence of IBD has been rising annually,
making it a prevalent digestive disorder (2). Although the exact
pathogenesis of IBD remains unclear, it is believed to involve
multiple factors, including genetic predisposition, intestinal
barrier dysfunction, and gut microbiota imbalances (3-5). Most
patients with IBD suffer from recurrent episodes with incomplete
remission. Bacterial biofilms are strongly implicated in the
pathogenesis of IBD (6). When bacteria adhere to biotic or
abiotic surfaces, they secrete proteins and mucopolysaccharides
that facilitate biofilm formation, creating structured microbial
communities. Once mature, biofilms release bacterial cells that
disseminate to new sites, leading to the formation of additional
biofilms and perpetuating chronic infection. Bacteria within
biofilms are embedded in an extracellular polymeric substances
(EPS) matrix, which serves as a protective barrier, enhancing
bacterial resistance to external stressors (7). In patients with IBD,
the intestinal barrier is compromised, allowing bacteria to penetrate
the mucus layer and directly interact with the intestinal epithelium,
thereby promoting biofilm formation and exacerbating
inflammation. As such, bacterial biofilms in the intestinal mucosa
are detected at higher rates in patients with IBD.

Current treatment options for IBD, including 5-aminosalicylic
acid (5-ASA, mesalazine), glucocorticoids, immunosuppressants,
and biologic agents, are limited by severe adverse effects and high
costs. Consequently, the development of novel therapeutic
strategies is urgently needed (8). 5-ASA is an anti-inflammatory
drug with a chemical structure similar to that of acetylsalicylic acid.
The exact mechanism of 5-ASA against UC is unclear; however, 5-
ASA reportedly inhibits the production of prostaglandins and
leukotrienes, resulting in anti-inflammatory effects. In addition, 5-
ASA can inhibit nuclear factor-kB (NF-xB), regulate PPAR-y
receptors, and inhibit DNA damage to the intestinal mucosa
mediated by reactive oxygen species (9).

Oral antibiotics can also improve the course of refractory UC.
Antibiotics, such as amoxicillin, metronidazole (MTZ), and
ciprofloxacin, are commonly used as adjuvant treatments for IBD.
In a randomized multi-center trial in Japan, patients with UC who
received combined antibiotic treatment achieved more effective
clinical remission and endoscopic healing (10). However, the use
of antibiotics upsets the balance between bacteria and fungi in the
intestine. Fungi, particularly Candida albicans, have a potentially
pathogenic effect as a precipitating factor for IBD (11). In addition,

Abbreviations: IBD, Inflammatory bowel disease; UC, ulcerative colitis; CD,
Crohn’s disease; EPS, extracellular polymeric substances; 5-ASA, 5-aminosalicylic
acid; NF-kB, nuclear factor-kB; MTZ,metronidazole; QAS, Quaternary
ammonium salt; DSS, Dextran Sulfate Sodium Salt; DAI, disease activity index;
SEM, scanning electron microscope; TEM, transmission electron microscope;

NSAIDs, non-steroidal anti-inflammatory drugs.
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the use of broad-spectrum antimicrobials increases the probability
of Clostridium difficile infection in patients with active disease,
which is the most common infectious complication in patients with
IBD, and further increases the risk of colectomy (12). Therefore, the
identification of therapeutic alternatives to antibiotics is a key
research goal.

Several studies have shown that targeted regulation of intestinal
bacterial biofilms can alleviate experimental colitis in mice (13, 14).
Quaternary ammonium salt (QAS) is a cationic ammonium salt
formed when the four hydrogen ions of the ammonium ions are
substituted by hydrocarbon groups. QAS is a common germicidal
component that is adsorbed on the surface of the thallus, with the
hydrophobic group inserted into the lipid layer, which
permeabilizes and destroys the cell membrane, eventually
disrupting cell metabolism and leading to the death of the fungus.
In addition, QAS interferes with the synthesis of nucleic acids and
proteins (15). Therefore, we hypothesized that QAS could relieve
UC by clearing intestinal bacterial biofilms. JUC Spray Dressing
(name of U.S. FDA and CE certifications, while the medical device
name in China is Long-acting Antimicrobial Material) is a new
Organosilicone Double-Long-Chain Diquaternary Ammonium Salt
formulation that benefits from the high hydrophobicity of silicone,
which further improves the water solubility of the compound.
When JUC Spray Dressing contacts the skin or mucosal surfaces,
it forms a double antibacterial layer, including an adhesive layer and
a positively charged layer. The adhesive layer ensures that the salt
can stick to the surface, while the positive cations interact with the
negatively charged cell wall and membrane via electrostatic forces in
a destructive manner, resulting in bactericidal effects. A previous
study has shown that JUC Spray Dressing can prevent bacterial
growth by physically killing various bacteria (16). The product is
now widely used in wound treatment and indwelling care. Although
JUC Spray Dressing has been proven to be safe and non-toxic for
humans, information is lacking regarding its bactericidal effects on
intestinal bacteria (17).

Therefore, this study aimed to evaluate the therapeutic effects of
JUC Spray Dressing in a DSS-induced mouse model of UC.
Additionally, we explored its mechanisms of action by analyzing
biofilms via electron microscopy, assessing intestinal barrier
function, and examining microbial community dynamics.

Given that ulcerative colitis involves mucosal biofilm formation,
we selected a colonic topical delivery model to test a biofilm-targeting
agent (JUC Spray Dressing). This approach was intended to
maximize local biofilm removal at the disease site while limiting
systemic exposure. Nevertheless, gastrointestinal mucosal
pharmacokinetics and intraluminal retention of JUC in this setting
have not yet been defined and will require dedicated studies.

2 Methods
2.1 Reagents

DSS (molecular weight: 36,000-50,000 Da) was obtained from
MP Biomedicals (Santa Ana, CA, USA). The fecal occult blood
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detection kit was purchased from the Jiancheng Institute of
Biological Engineering (Nanjing, China). Mouse enzyme-linked
immunosorbent assay (ELISA) kits for interleukin-6 (IL-6),
interleukin-1B (IL-1B), and tumor necrosis factor-alpha (TNF-ct)
were obtained from R&D Systems (Minneapolis, MN, USA).
Chloral hydrate solution was sourced from Legend Biotech
(Beijing, China). MTZ (0.5 g/100 mL) was provided by
Shijiazhuang Siyao Co. Ltd. (Shijiazhuang, China), and
mesalazine (28 g/60 mL) was obtained from Dr. Falk Pharma
GmbH (Freiburg im Breisgau, Germany). JUC Spray Dressing
was purchased from NMS Technologies Co., Ltd. (Nanjing, China).

2.2 Animal experimental design

A small sample size was chosen as this study represents the first in
vivo evaluation of JUC Spray Dressing, with the primary objective of
obtaining preliminary data for subsequent, more complex
experimental studies. Male C57BL/6] mice (6-8 weeks old, 20-24 g,
n=50) were purchased from Charles River (Zhejiang, China) and
housed under constant conditions (20 + 2 °C, humidity 45 + 5%, 12-
hour light/dark cycle, five mice per cage) with standard rat feed
available ad libitum. After acclimation for one week, the mice were
randomly divided into five groups (n=10) as follows: normal control
group, DSS plus phosphate-buffered saline (DSS+PBS) group, DSS
plus JUC Spray Dressing (DSS+JUC) group, DSS plus metronidazole
(DSS+MT?Z) group, and DSS plus mesalazine (DSS + 5-ASA) group.
The 10 mice per treatment group were reared in two cages. Mice were
randomly assigned to groups using the RAND() function in
Microsoft Excel 2021. The UC mouse model was established with
DSS according to a previously described method (18). Briefly, mice
were administered fresh 3%(w/v) DSS freely for seven consecutive
days, resulting in acute UC. Mice in the normal control group were
free to drink sterile water. On day 7, mice received enemas (200 M/
mouse, 0.008 mL/g/day) containing PBS, JUC, MTZ (1 g/L), or 5-
ASA every other day (19, 20). Prior to enema administration, mice
were fasted for 12 hours and anesthetized via intraperitoneal injection
0f 10% (v/v) chloral hydrate (50 uM/mouse), which took effect within
5-10 minutes. Enema administrations were performed between 12:30
and 14:30 on each treatment day, and the order of group treatments
was randomized to minimize circadian or operator bias. All
procedures were standardized across groups to ensure consistency.
After the enema, each mouse was suspended by its tail upside down
for 2 minutes and then returned to its original cage. During the
experiment, changes in body weight, occult blood, diarrhea, and stool
consistency were observed and recorded daily and the disease activity
was scored. The test was performed between 12.30 pm and 2.30 pm
and the testing order was randomized daily,with each animal tested at
a different time on each test day. The minimum allowed mouse
weight before euthanasia was 15 g. At the end of the experiment
(day 12), the mice were euthanized, and the colon tissue 1 cm from
the anus was excised and fixed with 4%(w/v) paraformaldehyde for
subsequent experiments. Mice were anesthetized via intraperitoneal
injection of chloral hydrate at 350 mg/kg. This regimen provides
approximately 2 hours of anesthesia with relatively shallow depth and
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limited muscle relaxation; at high doses, myocardial contractility may
be depressed and arrhythmias can occur, so animals were
continuously monitored. No procedure-related perforation or
premature death occurred. The remaining colon tissue was stored
at —80°C. Each animal was evaluated by three different investigators,
two of whom were blinded to the treatment group. Animals were
included in the study if they underwent successful enema treatment
or excluded if insertion of the enema resulted in perforation or if the
animal died prematurely, thus preventing the collection of behavioral
and histological data. All assessments were performed in a blinded
fashion by three independent experimenters; inter—rater reliability
was high (x > 0.8), and discrepancies were resolved by consensus. No
mice experienced perforation or premature death related to enema
administration in this study; therefore, no animals were excluded due
to procedural complications.

2.3 Assessment of inflammation

Changes in body weight, DAI, colon length, and histological
score were used to evaluate the successful establishment of the UC
mouse model and treatment effectiveness. All collected data were
included in the analysis. The DAI was calculated as follows: 1)
change in weight (0: <1%, 1: 1-5%, 2: 5-10%, 4: >15%), 2) stool
consistency (0: normal, 2: loose, 4: diarrhea), and presence of blood
in stool (0: negative, 2: positive, 4: gross bleeding). Colon tissue fixed
with 4% (w/v) paraformaldehyde was embedded in paraffin,
sectioned, and stained with hematoxylin and eosin. The
histological conditions were then determined under light
microscopy and scored based on crypt damage, ulceration, and
neutrophil infiltration. The inflammation score was determined as
follows:1) severity of inflammation (0: none; 1: slight; 2: moderate;
3: severe); 2) extent of inflammation (0: none; 1: mucosa; 2: mucosa
and submucosa; 3: transmural); 3) extent of damage to the crypt
(0: none; 1: basal 1/3 damage; 2: basal 2/3 damage; 3: only the
surface epithelium intact; 4: entire crypt and epithelium lost); and 4)
percentage of area infiltrated (1: 1-25%; 2: 25-50%; 3: 51-75%; 4:
76-100%). More than three high-power fields (x400) were
randomly selected from each tissue section, and scores were
assigned by two blinded independent researchers, with the
average value taken as the result.

2.4 Immunohistochemistry and
immunofluorescence

The expression of inflammatory cytokines in the colon was
evaluated via immunohistochemical analysis. Endogenous
peroxidase activity was inhibited, and tissue sections were
incubated with a nonspecific staining blocking reagent. Next,
sections were incubated with corresponding primary antibodies
and HRP-conjugated secondary antibodies. Images of the slides
were obtained using an Nikon E100 optical microscope (Nikon,
Tokyo, Japan). A minimum of three fields per sample were
randomly selected for imaging under a 40x objective lens, and
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semi-quantitative protein expression analysis was conducted using
Image] software. Protein expression intensity was expressed as the
area occupied by the positive signal. The expression of tight
junction (T7J)-associated proteins in the colon was evaluated using
immunofluorescence. Images of the slides were obtained using an
ECLIPSE TI-SR fluorescence microscope (Nikon). For IHC,
staining was quantified using H—score/average optical density; for
immunofluorescence (MUC2, ZO-1, occludin), mean fluorescence
intensity was measured. Negative controls (omission of primary
antibody) and isotype controls were included to verify
staining specificity.

2.5 Measurement of goblet cells

After dewaxing and hydration, the paraffinized sections of colon
tissue were immersed in distilled water, then dipped in periodic acid
solution, maintained at room temperature for 1.5 hours, immersed
in distilled water, dipped in Schiff’s reagent, dewatered in an oven at
37 °C for 20 minutes, rinsed with distilled water for 10 minutes,
dehydrated step-by-step, made transparent with xylene, and lastly
sealed with neutral gum. Goblet cells in the colon stained dark blue,
while the surrounding tissue appeared light blue or colorless.
Image-pro Plus 6.0 software was used to analyze the sections.

2.6 Electron microscopy

The intestinal mucosa of three randomly selected mice in each
group was observed by electron microscopy. Colon tissue 1 cm from
the anus was fixed using 2.5% glutaraldehyde. Three microscopic
fields were examined for each specimen. Biofilms on the intestinal
mucosa were examined using an SU8100 scanning electron
microscope (SEM; Hitachi, Tokyo, Japan), while tight junctions
between epithelial cells were assessed using an HT7700
transmission electron microscope (TEM; Hitachi).

2.7 Serum cytokine analysis using ELISA

Serum was assayed for pro-inflammatory cytokines using
specific ELISA kits (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

2.8 Sequencing analysis of 16S RNA
amplicon

Genomic DNA was extracted from the mouse cecal contents
using a Mag Pure Soil DNA KF Kit (Angen Biotech, Guangzhou,
China), and DNA purity and concentration were detected by
agarose gel electrophoresis. Using diluted genomic DNA as a
template, polymerase chain reaction amplification and
purification were performed using primers for the bacterial 16S
rDNA (V3-V4) region (343-5'-TACGGRAGGCAGCAG-3"
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forward primer, 798R-5-AGGGTATCTAATCCT-3": reverse
primer). Based on sequence alignment, PyNAST software was
used to construct the phylogenetic relationship of representative
sequences of operational taxonomic units (OTUs). After pre-
processing the sequencing data to generate high-quality
sequences, the sequences were grouped into multiple OTUs
according to their similarity. Finally, the alpha diversity, beta
diversity, taxonomy, and flora composition of the microflora were
analyzed and 16S functional gene prediction was performed.

2.9 Statistical analysis

GraphPad Prism software (GraphPad Software, La Jolla, CA,
USA) was used to perform the statistical analysis and graph
generation. The Kolmogorov-Smirnov method was used to
analyze the data, and P>0.1 was considered indicative of normal
distribution. One-way ANOVA was used to compare mean mouse
body weight, colon length, and inflammatory factor levels among
groups, followed by Tukey’s post hoc test for pairwise comparisons.
P<0.05 was considered to be a statistically significant difference.

3 Results

3.1 JUC Spray Dressing ameliorates colitis
induced by DSS

During DSS-induced colitis, mice progressively developed
symptoms including weight loss, diarrhea, and hematochezia
(bloody stools). Compared to the normal control group, mice in
the DSS+PBS group exhibited significantly reduced body weights
and increased DAI scores. Following enema treatments, weight loss
symptoms improved, and DAIT scores significantly decreased (P <
0.01) in all three drug-treated groups. However, no statistically
significant differences were observed among these groups (P > 0.05)
(Figures 1A, B). These results demonstrated that JUC Spray
Dressing could alleviate the symptoms of weight loss and
decrease activity in mice with UC. Moreover, this effect was
comparable to that achieved by MTZ or 5-ASA.

For the time-course endpoints shown in Figures 1A, B, the DSS
+JUC group did not differ significantly from the DSS+PBS group
(p>0.05). Between-treatment differences (JUC vs MTZ vs 5-ASA)
likewise did not reach statistical significance.

Mice in the DSS+PBS group showed significant colonic
contractures and their intestinal contents were unformed. The
experimental results are shown in Figures 1C, D. Compared with
those in the normal control group, colons in the DSS+PBS group
were swollen and hyperemic, and the contractures were shortened
(P<0.0001). Colon lengths in the DSS+JUC group were significantly
increased (P<0.05) compared to those in the DSS+PBS group. All
three drugs were effective in alleviating colon contracture in UC
model mice.

Histopathology is an important source of information regarding
colon health. As shown in Figures 1E, F, the colonic mucosa of the
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FIGURE 1

Effects of JUC Spray Dressing on intestinal inflammation in mice. (A) Changes in the body weights of mice (N = 10),**P<0.01,***P<0.001,
***x%P<(0.0001,compared to the DSS+PBS group. (B) Changes in DAI scores (N = 10),***P<0.001,compared to the DSS+PBS group. (C) Comparison
of colonic lengths between groups (N = 10), *P<0.05,****P<0.0001,compared to the DSS+PBS group. (D) Macroscopic view of a mouse colon.

(E) Histological scores of mouse colon tissues,***P<0.001,****P<0.0001, compared to the DSS+PBS group. (F) Effects of drugs on colonic
pathological changes in mice(HE,200x). Statistical analysis. Continuous multi-group comparisons (e.g., mouse body weight, panel 1A; colon length,
panel 1C): Tukey's Honestly Significant Difference (HSD) test was used for multiple-comparison correction to rigorously evaluate pairwise differences
in group means. Ordinal/score outcomes (e.g., disease activity index, panel 1B; histopathology score, panel 1E): Student’s t-test was applied if the

data approximately met normality and homoscedasticity assumptions; otherwise, the non-parametric Mann—Whitney U test was used. A two-sided
P < 0.05 was considered statistically significant.
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normal control group was intact, the glands were neatly arranged,
and no inflammatory edema was observed. In the DSS+PBS group,
colon tissue damage was severe, the intestinal mucosa exhibited
shedding and necrosis, typical crypt abscess formation was
observed, along with glandular deletion, partial crypt damage, and
fewer goblet cells, and extensive infiltration of inflammatory cells
and transmural inflammation occurred. JUC Spray Dressing, MTZ,
and 5-ASA enema therapy alleviated inflammatory cell infiltration
and reduced the depth and extent of lesions, thereby reducing the
histological score (P<0.001).

3.2 JUC Spray Dressing reduces colonic
bacterial biofilms

We performed quantitative analysis of SEM images using
Image] to calculate the proportion of mucosal surface area
covered by biofilm in each group, and compared groups using

10.3389/fimmu.2025.1644433

one-way ANOVA with post hoc testing (Figure 2B) with consistent
magnification and random field selection. The JUC group exhibited
a significantly lower biofilm coverage ratio than the DSS
+PBS group.

Scanning electron microscopy (SEM) was employed to evaluate
the effect of JUC Spray Dressing on intestinal bacterial biofilms. In
the DSS+PBS group, SEM revealed biofilms in all 9/9 images. In
contrast, biofilm coverage was markedly reduced in 8/9 images from
the DSS+JUC group and in 6/9 images from the DSS+MTZ group.
However, in the normal control group, the bacteria observed on the
surface of the intestinal mucosa were found in planktonic form. As
shown in Figure 2, biofilm was widely present in the colons of UC
model mice and was covered with a thick matrix. In addition to
bacteria of various morphologies, many water channels were
observed in the biofilms. Unlike in UC model mice, most of the
bacteria in the intestinal mucosa of mice in the normal control
group were present in planktonic form and biofilm formation was
rare. Treatment with MTZ or 5-ASA thinned the EPS matrix and

Fluorescence Intensity(a.u.)

FIGURE 2

Bacterial biofilms on the intestinal mucosal surface, viewed by scanning electron microscopy(1000x). Quantification of biofilm coverage from SEM
images. Biofilm-covered area was measured in Imaged and expressed as the percentage of mucosal surface occupied by adherent biofilm. Bars
show mean + SD across animals; fields were randomly selected at the same magnification. One-way ANOVA with Tukey's post hoc test was used.
Asterisks indicate significance vs DSS+PBS (P<0.05, *P<0.01, **P<0.001); brackets explicitly connect the compared groups.

DSS+MTZ
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the bacteria were exposed. Treatment with JUC Spray Dressing
extensively reduced biofilm formation.

Quantitative SEM analysis (Figure 2B) demonstrated a
significant reduction in biofilm-covered mucosal area in DSS
+JUC versus DSS+PBS, consistent with visual thinning of
extracellular polymeric substance (EPS) matrices and exposure of
underlying bacteria. Biologically, decreased surface coverage by
structured biofilms is expected to lessen epithelial PRR (e.g.,
TLR2/4) engagement and downstream NF-xB activation, aligning
with the observed reductions in IL-6, TNF-q, and IL-1f and the
improvements in tight-junction morphology and IF markers
(MUC2, ZO-1, occludin).

3.3 JUC Spray Dressing decreases
inflammatory cytokine production

Key pro-inflammatory cytokines associated with UC include IL-6,
IL-1B, and TNF-o (21). ELISA was used to measure the level of
inflammatory factors in serum and the immunohistochemistry results
of end-colon tissue, as shown in Figure 3. Levels of IL-6, IL-1B, and

10.3389/fimmu.2025.1644433

TNF-o. in the DSS+PBS group were significantly higher than those in
the normal control group (P<0.0001). Following treatment with JUC
Spray Dressing, MTZ, and 5-ASA enemas, IL-6 levels significantly
decreased (P < 0.0001), along with reductions in TNF-c. (P < 0.0001)
and IL-18 (P < 0.001) levels. The differences among the three
treatment groups were not statistically significant (P>0.05).

Quantitative THC analysis in colon tissue showed trends
consistent with serum ELISA, indicating concordant reductions in
IL-6, IL-1PB, and TNF-o across treatment groups.

3.4 JUC Spray Dressing improves intestinal
barrier function

After DSS-induced UC, TEM revealed abnormal cell-to-cell
connections, including the expansion of apical junction complexes
and paracellular spaces. In the DSS+PBS group, the mucus layer was
also damaged and thinned under the microscope, the apex was
swollen and shedding, the arrangement was complex and sparse,
and the organelles were swollen and necrotic. In contrast, the
intestinal mucosal chorionic villi in the normal control group

IL-B(pg/ml)

DSS+PBS  DSS+JUC

FIGURE 3

LSRR

by LR SO
9% "\'\'-ﬁ"&“,p 3
LIS

¥ o ¥

DSS+MTZ

G HIINE &
f,;’a, .‘,, ,‘s h)"'
[ £ ,4 ‘

IL-1 B pg/ml)

b & s el 3
@" dhir“a -

a»’

DSS+5-ASA  Control

=3

Effects of JUC Spray Dressing on the levels of inflammatory factors in peripheral blood. (A) Expression of IL-6 (N = 3). (B) Expression of TNF-o(N
(C) Expression of IL-1B(N = 3),***P<0.001,****P<0.0001, compared to the DSS+PBS group. (D) Immunohistochemical analysis of inflammatory
factors in the terminal colon(200x). Statistical analysis. Continuous multi-group comparisons of serum inflammatory cytokine levels (TNF-a, IL-6, IL-
1B) were evaluated using Tukey's Honestly Significant Difference (HSD) test with multiple-comparison correction to assess pairwise differences
among groups. A two-sided P < 0.05 was considered statistically significant.
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were highly consistent and neatly arranged, the organelles were
intact, and the cell connections were tight. Treatment with JUC,
MTZ, and 5-ASA improved the abnormally tight cell junctions and
cytoedema, and relieved barrier structural looseness caused by
inflammation-induced TJ protein deletion (Figure 4A).

Mucin 2 (MUC2) is a high-molecular-weight glycoprotein
secreted by epithelial cells, forming a protective mucus barrier in
the intestine (8). After DSS-induced UC, the intestinal barrier of
mice was damaged (Figure 4B) and the number of goblet cells was
reduced (Figure 4C). TJs are an important part of the mucosal
barrier, preventing harmful substances from leaking out of the
intestinal lumen (22). The immunofluorescence analysis of MUC2
and T7J protein levels is shown in Figure 4D, the abundance of ZO-1
and occludin-positive cells was reduced in the DSS+PBS group
compared to those in the normal control group, and the intestinal
barrier function was impaired. The abundance of ZO-1- and
occludin-positive cells was increased after JUC Spray Dressing,
MTZ, and 5-ASA treatment, and the expression of MUC2 was
increased in the JUC and 5-ASA groups, whereas MUC2 expression
in the MTZ group was not significantly altered. Quantitative IF
confirmed increased ZO-1 and occludin signals in all treatment
groups versus DSS+PBS, with MUC2 increased in the JUC and 5
—ASA groups and not significantly changed in the MTZ group.

3.5 JUC Spray Dressing enhances intestinal
microflora composition

We assessed o- and B-diversity by 16S rRNA sequencing of
cecal contents. JUC increased o-diversity and shifted B-diversity
relative to DSS+PBS, whereas phylum-level community
composition did not change markedly (Figure 5), suggesting
restoration of community evenness without wholesale
restructuring. This pattern is compatible with selective biofilm
disruption and reduced inflammatory drive rather than broad
microbiota depletion. Because 16S profiling was performed on
cecal contents rather than mucosa-associated communities,
biofilm-resident taxa may be under-represented; future studies
will sample mucosal layers (e.g., scrapings/biopsies) and apply
FISH-based spatial analyses to capture biofilm-associated shifts
more directly.

To assess the impact of JUC Spray Dressing on intestinal
microbiota composition, 16S rRNA sequencing was conducted on
mouse cecal contents, with six samples per group analyzed for
operational taxonomic unit (OTU) distribution, as illustrated in the
Venn diagram (Figure 5A). Overall, 926 OTUs were detected
among the five groups, including 61, 130, 111, 93, and 227 OTUs
in the DSS+PBS, DSS+JUC, DSS+MTZ, DSS + 5-ASA, and normal
control groups, respectively.

Beta (B) diversity is mainly based on the OTU sequence
similarity or community structure and is used to compare
differences between populations. Intestinal flora diversity of mice
was determined using principal coordinate analysis method and
heat maps were constructed. Compared with the bacterial
community of mice in the normal control group, the bacterial
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community of mice in the DSS+PBS group exhibited obvious
isolation. The P diversity of the microbial community was
increased to varying degrees after JUC Spray Dressing, MTZ, or
5-ASA treatment (Figure 5B). Alpha (o) diversity can be used to
assess species richness and distribution. As shown in Figure 5C, the
o-diversity correlation violin plot revealed the degree of sample
dispersion within each group and the differences in o-diversity
between treatment groups. o-Diversity was significantly lower in
the DSS+PBS group than in the normal control group. However, o.-
diversity was significantly increased in the DSS+JUC and DSS
+MTZ groups compared to the DSS+PBS group (P < 0.05). The
o-diversity of the DSS + 5-ASA group did not differ significantly
from that of the DSS+PBS group (P>0.05).

The histogram of the community structure (Figure 5D)
demonstrated a decrease in bacterial diversity and an increase in
the relative abundance of Clostridium spp. in the DSS+PBS group
compared to those in the normal control group. The community
structures did not differ significantly between the DSS+JUC and
DSS+PBS groups.

At the phylum level, community composition did not differ
significantly between the DSS+JUC and DSS+PBS groups, while o—
and B—diversity indices increased after JUC treatment.

Heat maps at the genus level illustrated that probiotics species
such as Roseburia and Butyricimonas were relatively more abundant
in the normal control group than in the other groups. The relative
abundance of probiotics species was reduced in the DSS+PBS group
compared to that in the other groups, whereas the relative
abundances of the gengra Bacteroides and Dorea, and anaerobic
bacteria were higher. Additionally, the relative abundance of
anaerobic bacteria was decreased after treatment with JUC Spray
Dressing (Figure 5E).

Taken together, these data indicate that JUC exerts a selective,
biofilm-targeted effect that reduces putatively harmful taxa (e.g.,
Bacteroides spp.) while maintaining overall community structure, a
profile consistent with ecological stability rather than broad
microbiota depletion.

4 Discussion

This study utilized a DSS-induced mouse model of UC to
evaluate the therapeutic effects of JUC Spray Dressing (23). After
administration of DSS for 7 days, mice in the DSS group exhibited a
significant decrease in activity, weight loss, purulent diarrhea,and
bloody stools. Elevated serum levels of inflammatory factors,
structural disturbances of the colon glands, shedding and necrosis
of the intestinal mucosa, extensive inflammatory cell infiltration,
and typical crypt abscess formation demonstrated successful
induction of enteritis in mice; thus, the mouse model effectively
mimicked clinical UC (24).

Beyond global PRR-NF-kB attenuation, species-specific
interactions and cellular targets (e.g., macrophage subsets, Th17
cells) warrant direct testing using gnotobiotic or defined-
consortium models and epithelial/immune co-culture systems to
delineate molecular mechanisms and specificity.
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Effects of JUC Spray Dressing on the intestinal barrier function. (A) Intestinal mechanical barrier, viewed by transmission electron microscopy

(B) Periodic acid-Schiff (PAS)—Alcian blue (AB) stainingof the distal colon(200x). (C) Goblet cell count. (D) Immunofluorescence analysis of MUC2,
Z0O-1, occludin(200x). (E) Quantification of epithelial barrier markers by immunofluorescence (MUC2, ZO-1, and occludin). Signals were measured as
mean fluorescence intensity in Imaged. Bars show mean + SD across animals; fields were randomly selected under identical imaging settings. One-
way ANOVA with Tukey's post hoc test was used. Asterisks indicate significance vs DSS+PBS (P<0.05, *P<0.01, **P<0.001); brackets explicitly
connect the compared groups. Statistical analysis and image quantification. Microscopy images were processed in Imaged for automated cell
counting; counts were based on immunofluorescence-positive cells defined by the specified markers. Continuous multi-group comparisons were
evaluated using Tukey's Honestly Significant Difference (HSD) test with multiple-comparison correction to assess pairwise differences among groups

A two-sided P < 0.05 was considered statistically significant

All three therapeutic agents tested in this study significantly
reduced the expression of inflammatory cytokines in DSS-induced
colitis, demonstrating their efficacy in mitigating experimental
colitis. 5-ASA, which has similar molecular targets as non-

Frontiers in Immunology

steroidal anti-inflammatory drugs (NSAIDs), can inhibit intestinal
inflammation and cell proliferation and apoptosis by inhibiting
cyclooxygenase(COX) and prostaglandin(PGI). Thus, 5-ASA has
been widely used to improve intestinal inflammation and prevent
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tumorigenesis. Dahl et al. reported that 5-ASA can reduce
intracellular polyphosphate levels in many bacteria, making
bacteria sensitive to oxygenation stress and thereby reducing
colonization and biofilm formation (25). The findings in the
current study confirmed that 5-ASA has a certain clearance effect
on colon biofilms while improving enteritis in mice. Currently, no
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studies have reported a direct relationship between QAS, COX, and
PGI. Therefore, the exact mechanism by which QAS improves
inflammation warrants further investigation. It has been suggested
that narrow-spectrum antibiotics in patients with IBD do not
achieve the same effect as broad-spectrum antibiotics, suggesting
that reducing the colonic bacterial load in patients with IBD may
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control disease activity (26, 27). According to the results of the
current study, both broad-spectrum antimicrobials and physical
sterilization with JUC Spray Dressing effectively alleviated
experimental colitis in mice by reducing the bacterial load of
the colon.

Mechanistically, clearance of biofilms is expected to reduce
engagement of epithelial and immune pattern-recognition
receptors (PRRs), particularly TLR2/TLR4, thereby dampening
NF-xB activation and downstream production of IL-6, TNF-q,
and IL-1f. In addition, attenuated TLR/NF-xB signaling may shift
mucosal immune balance by limiting pro-inflammatory
macrophage activation and constraining Th17 responses; these
hypotheses merit direct testing in future work. It also remains
unclear whether biofilm formation in UC is a cause or a
consequence of mucosal inflammation. These processes may be
bidirectionally causal, forming a positive feedback loop in which
inflammation facilitates biofilm formation while biofilms further
amplify inflammatory signaling; establishing directionality will
require longitudinal and interventional studies.

JUC Spray Dressing kills bacteria via electrostatic interactions,
thereby minimizing the risk of inducing antimicrobial resistance. A
previous study reported that JUC Spray Dressing was effective
against a wide variety of microorganisms (17). Acute oral tests in
mice showed that JUC Spray Dressing is safe and non-toxic, and
JUC Spray Dressing has been widely adopted for skin and wound
detoxification and indwelling catheter care (16). These results
suggested that JUC Spray Dressing could improve experimental
colitis in mice by reducing colonic biofilm formation.

Patients with IBD exhibit increased intestinal permeability,
facilitating bacterial translocation and microbial dysbiosis (28).
Although it is generally believed that the intestinal flora is
involved in the pathogenesis of IBD, most studies have focused
on changes in microflora abundance while ignoring the spatial
structure of the biofilm (29, 30). Intestinal mucosal biofilms are
significantly more abundant in patients with IBD than in healthy
subjects, and gut bacteria are more likely to colonize and form
biofilms in these patients, leading to inflammation (31, 32). High
concentrations of bacteria, similar to those found in biofilms, can
lead to high levels of local bacterial antigens, toxins, or other
harmful substances (33). Therefore, treatments that target
biofilms can improve intestinal inflammation. Meanwhile,
intestinal barrier dysfunction is one of the main pathological
features of UC (34). Intestinal epithelial cells are covered with
mucus secreted by goblet cells, which prevents bacterial invasion
(35, 36). TJs between intestinal epithelial cells provide a barrier to
the free diffusion of substances and prevent the transposition of
intestinal pro-inflammatory substances into the bloodstream (37).
The current study findings demonstrated that JUC Spray Dressing
can enhance intestinal barrier function, which may be related to its
ability to effectively reduce the bacterial load of the colon and
promote ulcer healing.

A previous study hypothesized that UC is a disease associated
with microbial infections (38). Biofilms formed by large bacterial
communities can enhance the penetration of bacteria, destroying
the barrier function of the mucus layer. Bacteria come into direct
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contact with epithelial cells through the sterile mucus layer, causing
an abnormal immune response that leads to the development and
progression of various diseases (39). A previous study demonstrated
that biofilms were found more often in intestinal mucosal biopsy
specimens in patients with IBD than healthy individuals (31). In the
current study, SEM revealed a larger, richer, and thicker intestinal
biofilm in the DSS+PBS group and a variety of channels in the
internal structure of the biofilm. Various forms of bacteria can
exchange information and nutrients within the biofilm, and a small
number of symbiotic bacteria can also form biofilms to enhance
interactions with the host (6). Indeed, most of the gut bacteria in the
normal control group were present in plank tonic form. However,
MTZ or 5-ASA thinned the matrix to varying degrees, exposing the
bacteria within the biofilm. Meanwhile, JUC reduced biofilm
formation and bacterial abundance over a large area and
significantly thinned the matrix, indicating that JUC Spray
Dressing can effectively target colonic bacterial biofilms.

Considering the non-specificity of physical sterilization by JUC,
16S rDNA sequencing analysis of mouse ileocecal contents was
further performed to explore the effect on intestinal flora
composition. The intestinal flora of mice in the DSS+PBS group
was dysregulated with low intestinal flora diversity. Meanwhile, the
intestinal flora of the DSS+JUC group presented greater o and 3
diversity than that of the DSS+PBS group, as did that of the DSS
+MTZ and DSS + 5-ASA groups. However, the community
structure of the intestinal flora was not significantly altered,
indicating that JUC Spray Dressing did not significantly affect the
composition of the intestinal microbiota. Nevertheless, the content
of the cecum,which was not affected by the enema operation, was
employed in the current study to analyze the microflora of the mice.
Therefore, changes in the mucosal flora should be clarified in future
experiments. Overall, compared to MTZ and 5-ASA therapy, which
can lead to increased drug resistance, opportunistic infections, and
liver and kidney function impairment, JUC Spray Dressing may
provide a safe treatment option for UC.

At present, the principles of biofilm intervention mainly include
inhibiting adhesion, interfering with the group sensing system
among bacteria, promoting biofilm separation (returning bacteria
to a planktonic state), destroying the protective screen barrier
through mechanical and physical means, and promoting the
colonization of probiotics to achieve competitive inhibition (40,
41). As EPS is a protective barrier to biofilm formation, new
therapeutic strategies can also inhibit biofilm growth by targeting
the destruction of EPS. Surfactants with an electrically charged
surface, such as citric acid amphoteric surfactants, can chelate the
calcium ion bridge in EPS, making it less stable and easier to destroy
(42). In addition, enzymatic digestion by proteases can disrupt
biofilms. Patients with IBD have larger mucosal bacteria biofilms
and higher iron concentrations within cells than healthy
individuals; however, hydrogen sulfide derivatives can remove
iron. Motta et al. reported that directly reducing the intake of
microbial binders can reduce the ability of IBD-associated mucosal
bacteria to form biofilms, without affecting the composition of the
bacterial community, thereby improving dinitrobenzene sulfonic
acid-induced enteritis in mice (13). The results of the current study
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also indicated that JUC Spray Dressing reduced biofilm formation
without affecting the composition of the bacterial community.
However, unlike in previous studies where metal chelating agents
destroyed the stability of EPS by directly chelating metal ions, JUC
Spray Dressing directly killed bacteria via electrostatic action to
destroy the biological membrane. Whether combined use with JUC
Spray Dressing can significantly enhance the effects of antibiotic
treatment by destroying the protective barrier provided by the
biofilm needs to be verified in the future. At the time of writing,
obvious drug toxicity has not been reported for JUC Spray Dressing;
therefore, further pharmacokinetic experiments are required to
determine any potential toxic side effects. Further, whether JUC
Spray Dressing is capable of preventing the occurrence of IBD in
healthy individuals also warrants further study.

Previous research has linked biofilm formation to the
pathogenesis of various diseases, including Barrett’s esophagus,
familial adenomatous polyposis, and colorectal cancer (43, 44).
Whether targeting biofilms can improve or intervene in the
progression of these diseases requires further study. In addition,
the anatomy of the mouse intestine differs from that of humans—
mice do not have an appendix and the cecum is enlarged—and
some studies have proposed that the human appendix plays an
important role in the reconstruction of the gut flora after antibiotic
use. Thus, while mouse models are extensively utilized in gut
microbiome research, replicating the complexity of the human
intestinal microbiota remains challenging (45, 46). Finally, while
SEM was utilized to visualize mucosal biofilms in this study, future
research should incorporate advanced techniques such as three-
dimensional (3D) imaging for quantifying biofilm thickness and
density, as well as fluorescence in situ hybridization (FISH) probes
for precise microbial identification.

Long-term implications: although JUC is bactericidal and not
intended to increase probiotic taxa (e.g., Roseburia, Butyricimonas),
the JUC group exhibited higher o- and B-diversity indices relative
to DSS+PBS with only modest phylum-level shifts, consistent with
restoration of community evenness rather than wholesale
taxonomic restructuring. By selectively disrupting biofilms and
reducing inflammatory drive while preserving overall community
structure, JUC may lower the inflammatory set-point and
strengthen epithelial barrier resilience. In contrast, MTZ can
induce broader compositional perturbations and 5-ASA, while
anti-inflammatory, does not directly target biofilms. Thus,
potential long-term benefit may derive from reduced harmful
stimuli and maintained stability rather than direct enrichment of
specific probiotic taxa; validation in chronic/relapsing models and
functional readouts (e.g., short-chain fatty acid profiling) is
warranted. This pattern suggests functional selectivity—targeting
biofilm-associated states and inflammatory drive—rather than
taxonomic over-pruning. In contrast to MTZ, which often
induces broader compositional shifts, JUC’s preservation of
overall structure with increased diversity may lower the
inflammatory set-point with less risk of dysbiosis over time.
Nonetheless, long-term ecological consequences require
longitudinal sampling and functional readouts (e.g., short-chain
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fatty acids, mucus barrier function), ideally including mucosa-
associated 16S/shotgun profiling to resolve biofilm-resident
species-level selectivity.

Safety and pharmacokinetics: this exploratory study did not
include mucosal toxicology, pharmacokinetic, or intraluminal
retention analyses for JUC after colonic application. Accordingly,
statements regarding safety and local exposure are presented as
hypotheses; future work will quantify luminal and tissue
concentrations, residence time, and mucosal penetration,
alongside formal toxicology.

Limitations: first, the sample size was limited and the study may
have been underpowered to detect subtle inter-treatment
differences; we therefore used cautious language when comparing
JUC with MTZ and 5-ASA. The study was conducted once with
n=10 per group, which limits statistical power and external validity;
the findings should be viewed as preliminary. Replication in
independent cohorts and prespecified power calculations will be
incorporated in follow-up studies. Second, we did not perform
direct barrier-function assays (e.g., FITC-dextran permeability); our
barrier conclusions are based on structural and protein-level
readouts and should be validated by functional testing. Third,
although we quantified biofilm coverage by image analysis
(Figure 2B), standardized multicenter pipelines for biofilm
metrics would strengthen generalizability.

Outlook: because DSS primarily models acute colitis, future
work will evaluate JUC Spray Dressing in chronic and relapsing
models to better approximate long—term disease dynamics and
therapeutic responses.

5 Conclusions

This study evaluated the therapeutic effects of an
Organosilicone Double-Long-Chain Diquaternary Ammonium
Salt formulation, represented by JUC Spray Dressing, in a DSS-
induced mouse model of colitis, comparing its efficacy with
conventional treatments such as MTZ and 5-ASA. The results
suggest that JUC efficacy is comparable to conventional
treatments, suggesting its potential as an alternative therapeutic
option for UC, and larger studies are required to validate this
comparability. The findings of this study further support the
hypothesis that microbial infections contribute to the
pathogenesis of UC and that controlling bacterial biofilm
formation may alleviate intestinal inflammation. These findings
provide valuable insights into the potential clinical applications of
Organosilicone Double-Long-Chain Diquaternary Ammonium
Salts in UC management.
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(B) PMREMHALMEZEFS, ##+P<0. 001, *#++P<0.0001, 5 DSS+PBS 4iAALL.

(F) 23908/ B85 J g BRAE SO OS2I (HE X 200) o



Giit 2o

ML A (Bl/NRAAE. B 1A ZKE. B 10 KA Tukey HH/E L EELEHL (HSD) , FIT ™A% UPAl 4R ¥4

WGiFe / VP03 R e by CAmiis hi L DAL 18] 1B; HRZEVPr. & 1B) FERERIE OO L IR MRS Z 55 PR R Student

t RS AL, NERAFESH Mann - Whitney U H%8.
XML, P < 0.05 Wit N EAGG ¥ RE .

DSS+PBS /)N ER M I M & e 22, Holg
WHEMIAETE . i gs RILE 1C, 1D, 5
1E A HRZHAH EE, DSS+PBS 2 1) 45 iz He B ik
M. e, HEAHEREZESE (P <
0.0001) o DSS+JUC ZH /I B i 45 i K i
DSS+PBS & ZE N (P < 0.05) . =Hfif
FFIREA AR UC NI S I 22,

ZH 2R 3 A VT 45 f R 1) B AR R . dn
Kl 1E. 1F Fow, 1E% X/ R 45153
e BRAAHES S5, TTRMEKM. 1E
DSS+PBS 4, ZEfpH gl reE, Mahik
I v AR AL, w0 AR S e i, [R]
PEBE IR AR ER G . B B 44 AR 40 M sk
A KB R A3 RORE . JUC M
ZHORL. MTZ 5 5-ASA ¥R YT W iR
RAEAHRAE, DRI IR EEFIYE T, AT

W E PR =P (P < 0.001) &
3.2 JUC BREECRIR />4 s
HE R

AT SEM KB AT T E &, A
Image] V15 &% 417 b M52 2 T ok 26 0 i 7 25
b, FERAHRE R Z 246 post
hoec # GG LbEcAlA 25 (B 2B) o 74—
K FE 2 SN EFEBCEAE T, JUC 41
AV 5 3 KT DSS+PBS 4.

H T 5 M8 (SEWD H T3 Juc mi%
ORI 1 38 41 B A B R 521 . DSS+PBS 44
TEFTA 9/9 BIEMG LS 2 B B A W)
S5 H] o




2. ARIERI MG LR, SFEs (1000X) L.

WL SEM PG AR W R 5 T A AT s B M o AE IRV Tmage] MR, DL RE S T 4 B 5 AR MR 78 25 A0 0 LE R o
FORE SR SE R 8ME + EZE (mean + SD) 5 BT MREFSIEAR RIBOR AT R FRENLEE . it MR SR & % 4
Hr (One-way ANOVA) J% Tukey HGHE. B 5% K5 DSS+PBS HMHHLEAG BEMEZER (P <0.05, *P < 0.01, *«P < 0.001);

5 B A L 4L

M2 R, DSS+JUC dH 8/9 kK% .

DSSHMTZ Hrh 6/9 ik EME RRAYIIETE &
D AR IR R R, BRI
gl 2 LLEE (planktonic) JARESELE.

el 2 Fiw, UC BRUNR g T iz 47
TEAEINE, FEpE RSG5 . RESM 21
AR A, 36 T] LR B K B KIE S50 (water
channels) . AN[FET UC #EYH, 1E5 TR
SH &8 Tl B I A B 2 DL T U7, A
IR R o

MTZ F 5-ASA MyRJTfH EPS KLy, #
T B AR, M JUC WEEECRIA T &
F > A VIR TE B o

SEM SE&E T (- 2B) Bk, 5 DSS+PBS 41
FHEG, DSS+JUC 20 iz i 2 1 () A= P s 78
R E AR, 5 WL R T SN R &9 (EPS)
FE 5 AT AR T DL R 4 R R AR —E. M
WS R T A P R 2 A ok D T
A FAAK B2 PRR (i TLR2/4) [I3GE, IF
/D TUF NF-x B (S SIE B E0E, XS54
WP g R IL-6. TNF-a . IL-18 )
FRARDL S BB E B S IF FREY (MUC2,

70-1. occludin) K& EH—I,
3.3 JUC Wi SRk FEAR AR 40
HTAT

5 UC ZIH < i 32 A R 40 P KL 6
IL-6. IL-1B #1 TNF-a (21). AWI%KiE
it ELISA A ifin i A 98 hE K17k, FF4h
G 4 W AR v A 2R S AL 25 SR AT VTAG
wE 3 AR

7f DSS+PBS #ZH1, IL-6. IL-1B FI TNF-
a BKFEEF ST IEEMEA (P <
0.0001) . & JUC WiZ5#okl. MTZ B¢ 5-ASA
WITIE, 1L-6 R T (P < 0.0001) ,
TNF-a (P <0.0001) Al IL-1B (P <0.001)
IR K. =FRIT TR M ERT
Gt L (P> 0.05) .

SE RN R, S5MiE ELISA 1)
gh s — 8, KR AL TL-6. TL-1
B A INF-a FFRAK, #7454 2 R0E
K5 A LA — B .



P 3. JUC Mg BoRbas 1 i 28 1 PR KT RO o
(A) TL-6 ML (N =3) .

(B) TNF-a KL (N =3)

(©) IL-1B ML (N =3)

sokP < 0. 001, ssxP < 0.0001, 5 DSS+PBS 414,
(D) RIG&EM (200X) RIEF T K oL o

B
7

AT
i

»

L €y

g i . L:‘ it
“W%ﬁﬂ

S+MTZ

S

!

IL-1 8 pgimi)

s P

AR

B oHT: s R F (TNF-a | TL-6. IL-1 B8 ) FIZ AL LHEK A Tukey’ s HSD (Honestly Significant Difference)
K36, T 2 H B E AT AP R 2 5. SRS P < 0.05 MENEA G5 .

3.4 JUC WEZEHORIE i BRI
i

DSS ¥55 UC J&, TEM {ow b 4 e a5
S, AFEEEERE (tight junction, TJ)
FA RIS B A5 40 A BR (paracellular
spaces) ¥ K. fE DSS+PBS 4, Fi)=
[FIRESZAR, 755 N AS T, Tl 2544 Jif 1K
7%, 4HRuHESIZREL, A0 2SS I K AR
Bbo MHECZTF, TR 0T HRAH ) I 2 i ok B 46
IR HEZ R, 2HE S5 TERE . 4 A
AR

JUC. MTZ 1 5-ASA Ab3$5) AT et 5o 11 5
BRI RS (eytodedema)
TG 2NE S B PR RS M Ra gl (B 40D .

FHEEE 2 (MUC2) J2& FAR R4 B 530k 1 v
TEEED, £WENEENERERE 8).
7E DSS %' UC J&, ImhtkEszdi (| 4B),
IR > (B 40 .« T EA LY
5 B S e L BHL L B Y A 5 T T R
45K (8) o IR IHHE R, fE DSS+PBS
Hrf, 7Z0-1 1 Occludin Tk, b
Rash kAt (B 4D)

JUC\ MTZ F1 5-ASA JRIT¥IMGE T 1) HHA
ik, Hrb JUC R 5-ASA 4 MUC2 ikt
T, W OMTZ 41 MUC2 Rk KRB ELL. R
PR E mAE R IR, 5 DSS+PBS HAHLL,
Frf IR T4 70-1 A1 Occludin Fik &
ETHE: MUC2 fE JUC I 5-ASA ZHI 7,
e MTZ HARZE (K 4E) .



3.5 JUC miZERlEmEmA
YI2H R

BATEIL 16S rRNA WP 53478 i A
a ZHMS B ZHE. 5 DSS+PBS 4AH
b, JUC WEHEm o ZHEME, ok B
ZFEVE, MK (phylum-level) HIfLHA
HRF SR R AE R E L (] 5) o %M
FEon JUC i 2k 7 2 W B vk 1 3 1 Wk 2
(evenness) , TIMAEF ) = B B 7H #&
(broad depletion) . X—45H 5 JUC 1
PRI A WL A ARSY, o
I R AV AR SCEUR B . PRI A 0E, T
AN T8I RV L B T 1 B R B8R
TR, AR BRI N E NS
/NP (TR | S 7T S = A i
(mucosa—associated communities) , J&
ST 2O (A e S /B O 1 B SO 5
(biofilm-resident taxa) HIELMH. Fk
W 50K BCRE B B R FEAS, FE4E &
FISH SR BLAEVEAL A W IEAH OC B B
T VRAL JUC X Y TE R s, FRATTR
DSS AL 5 I/ HEAT 16S M7, BEH 6
RENAI N 0TU Z3p#fr. OTU 4K BIR,
L% EF 926 4> 0TUs, HLHF DSS+PBS.
DSS+JUC. DSS+MTZ. DSS+5—-ASA Iz 1E % %ot &
I KA 0TUs (B 5A) &

B ZAEME AT F T LA [ 4T 1 B v &
MZESR . FET FBIRH (PCoA) FFAE]
(heatmap) , B I, DSS+PBS ZH 1) 1 B 45 #a
B2 28 IE PR, T JuC, MTZ i
5-ASA AbEHfE B ZHEMWAKE (B
5B) . a ZFEME/MESEIE R DSS+PBS A
Yidp R M AT A, T JUC R MTZ
MR ERE T o ZHME (P <0.05) .
DSS+5-ASA #H 5 DSS+PBS ZHAHLL TG 3 7%
5 (K 50)

BRI E T (] 5D) R DSSH+PBS 41
WAHAFET] (Clostridium spp. ) ELfI3En,
M6 97 4HZ LB P A

IT7KF 43 B & .78 DSS+JUC 5 DSS+PBS
ZIAPREZER:, H o, B ZEMEHER

JUC WIS o

B — P BoR, BEAT Roseburia 5
Butyricimonas % M A W B AN E F ;

DSS+PBS Al 23 A= W OAH Xk >, W
Bacteroides . Dorea K #E 70 R &
(anaerobic bacteria) HEfIHGHN., JUC 4b
PR 7 iz, BRAGBERFHE (W
Bacteroides spp. ) L, [FIRS 4+ REAA TS
REGSR AR EE (B BE) o

Zi b, JUC HA G i AP A 1R H
AT E A W I G A, A2
SRR B OO R, BRI
BT TR SR M B AR A AR S R .

4 TR

KHFFCRF DSS 75T 1/ Rt 1 46 1 5%
TR SRPE Al JUC Wt 55 B0k 96 97 AR
(23) o FEHEZE 7 RZT DSS J&, /DEHIL
TESEE B N ARE R Mg TS F1
M AERER . ML R AT, 4
IR 2L IR R IE SR K
RVELIIZ N, DL SR B s B i I T 1
BIRW AR INES TR R, % h
BB IR UC HIFE (24) .

B T HEAAPER) PRR - NF-x B {553 25 140
AR, B AR S P () B A A LA FH DA B
SEAN AR S Cln ERE4H AL . Th17 40
WAEARRE— D050, DA B L 43 7B .
VF2 A0 &G M 2 R, AT 5 5 %2
BB, B PR S A YT Re
71 (25) o ARWFFTMSERIUESE, 5-ASA Xf4h
I B A — RS BRAE R, TR A] e
NER 7S . BATHTCH FUIRGE QAS (e,
COX Al PGI Z[AlfJEHERR, XKW QAS
U ST PN 75 3 — PR R
Gy, A IBD B, FiERiAER
FEAETCVR B 1S P A R IR T AR, 1X3R
AN/ 45 T 4 R B A T RE BT R R T R
A= IBD FIBIRIEENE (26, 27) . A
W T R FFIX— W A TR i P e 7
W& JUC WEEHCRH B R W 7 5, #]
DA Job P& ARG 485 i %) &40 B A7 A F o 3 2 56
gl



nss—psq DSS+JUC Dssuwrz DSS+5-ASA Cantrol

B C
i >
'LEH "N\‘ T ;5 3
DSS+PBS DSS+JUC DSS+MTZ ]
T
-uﬁ-f'”
iy
¥
)%’ y.
DS5+5-A5A Control
DAPI Oecludin DAPI| Merge MUC2 DAPI Merge

DSSHUC--- --- ---
I3551“‘1—'{--- --- ---
DES5+5-A

SA

4. JUC a5 BoRb I BF B D) R AR IR o

(A) PHTENURBERS, B B IE .

(B) Lo 45l ) RIR -Schi £f (PAS) —BIFIHTHE (AB) et (200X) .

(C) MARAMNLTEL

(D) b BRBEAR S G 56T (MUC2. Z0-1. Occludin, 200X) .

(B) ERBEBEEA (MUC2. Z0-1. Occludin) GIEZNER. [H5MEELL Inage] WM T-HFCMEL TR

R B BRI AT TIME £ F3dE%E (mean £ SD) ¢ FA M AEAHR SR B E FBENIEI . St R A SR 3= 5 % 4
BT (One-way ANOVA) 454 Tukey’ s post hoc #53%. 253K /RE DSS+PBS AAHLLEA BEMEZER (P < 0.05, *P < 0.01,
#xP < 0.001) 5 F55 WIHibRR ELE AL

BMEGEH Inage] BEAT B ANMMITHEG AR BCRAR YRR E AR B G Z 9O C TS S e . B2 H BRI Tukey” s
Honestly Significant Difference (HSD) %, JF#EAT % i LLBURL IE IR LRI P 22 5% . UK S P < 0.05 #LNAAS
THEERE



K 5. B E R,
(A) o1U 4R K.
(B) B ZREHES T
(©) o ZREHESMT.
#P < 0.05, #kP < 0.01, & DSS+PBS 41HL#K.
(D) R RETE.
(B) WL P

DL T 5

A ) R D 3 ok T 92 b Rz 2H 2R A8 R 1)
ZA& (PRR) , H§5J& TLR2/TLR4 HIBUE,
MM T E NF-x B {55188, #> IL-6.
INF-a | IL-1B ZFRMEFET74E. 4,
TLR/NF- x B {55 ¥ 4l §5 ] RE 2448 B W 40
MEREFHANSH] Th17 RNV X AR A, T
FEAAAY CUnTC R B AL B R / S % 4
MudtRs IR RG0) H—LBRE, LA ST
ML 22 e bk

AT =PRI TR R ERKT
DSS #5125 W 78 Hh SORE A B R 7 () 2Rk
RO EATI B A DR S e M 25 W 2% 1 A
5-ASA [IAE FAE S5 Ak S 4R $1 98 25 (NSAIDs)
ZABL, LA E AR (COXD ATHT A1 R
F (PG IR A SR a2 1 T8 98 i A1 24H it 184
B, FREHERE T, Rk, 5-ASA B4 H
T 003 i 2% ORE R0 TR BB R AR (41) .
Dahl ZEHF 7t & iE, 5-ASA A BRI 2 4
A IR 2 B IR £h /K7 8140 B 58 5 52 B S AL
W, IR AN AR VI R



AR5 i TE BRI HI R R

SEHTAT FCHEM IBD mI e —Fh S5 EYIA
KPR (38) o KILYH R FEVE K ALY
JR] G SR A I B RE ST, WA RN R,
A B A b B AR, SR S ) ek
SN, BE— D AR IR R SIERE (39) .
H—IHF R, fE IBD B B RS

RbR A HfE R B 5 MBI (13) .

Hit—8, AW RS R R,
DSS+PBS WM& FEAFEREE 2 | 451
TSI EDI . A AT L2 P A S
YA AVE TR AR, H 55 o A B A 0T R
Z5Hd (6). MR, IEFHRARE K
AP 2 AR S AAAE

MTZ 5 5-ASA 55 A= 4 5 5 Jofa A% 74 - % i 4
B, 1 JUC DU R T AE P )Y S
A T, FREBORVE B NAER EPS B i
ik, o JUC XA BA SRR BRAE
A

JUC PG FEMER T 5 il R 1
T JUC AR A, BRI
KRB, 515 SFHE 2. CATEHR
B JUC Xt Z M R, AR RN
SIREPE RN, HFHZAETE
(16, 17) o AWFFLLE R — P FFH T
I8/ 5 1 IS T X /S R 5 T %

IBD 835 775 [l 18 Bt b Th B R i 5 B4 1 2k
W (28) . WHREAYIIEAE IBD
WL, SRR RIS (31
32) o AP SBUREAIPLE . RS
AERWPHER (33), H— DR prkE,
fEENR I L (34) . Bk, $EEdEy
R LR TBD GBS IR YT RIS 2 —
AR I 7R, DSS+PBS A5 2H )/ BRI 18 T
WEEL, « 5 B ZFEMEH R M JUC
HEENET W2, HMERES
MTZ 1 5-ASA ZHARML, HARRILH X i
R AR BRI 2 3R

KR OJIC ERXAKBEAER (W0
Bacteroides spp. ) HJEIES, 4hm] 4EfFEE 4K
WA RS e .

B, FrAE R S P PR VS R T B A EPS

WS BT, AR AR, B
SRR (42) o MEAh, EREBEIE TR A
PIREIE A . IBD @ B R, HE
IR AP, BRI & TR A
MM, SRR BTV RS K BRI L2
Mota &8 ANHiilE, HE#EFEACHAEYZE M BE

Ak IBD AHSGAEMIIEIE K, AN B
DO B RFLEL RS, NI 55 R A 2R 25 5 3
iR (13).

AR L RIFERE R, JUC W 55 Bokl a g/
DRI R, AN S 3 AR B R S5 4 o SR
S AR T H &8 2GR EPS B 5T i
FEANE], JUC Wt Z5 HoRh i Bk 7/ AR K
AR, MIMBIAAE Y. £ 5P R
G R, JUC TTREsE smPiAE R FE AV
RRE T, A HAEAR RGN HNE. H
UG B R R IE , (BT R 2543 1S
FABN 2 et 5 R R L. B,
AR FAN S 22 A P A HEWT, KRR TR —
SRR AR Vi B I ) R R B I
FE4H DA B 9T

BEAEAE AL R, AR AT RS 2 P A O%,
e 5 IR T R ARG B (43, 44) .
AR KB FE T7 RV VB2 5 2 5 X L5
(RIE R o eAh, JRAE/INEUH T i R
7, HEE W AR E T A2, Fi
SR G NS ) AT b R — 20 IR
(45, 46) » LM BHIR AT H T AL AEY)
J5, ABTCVE B A A VI I
RARRNGE G ZHEMAREL in situ ZIEHA
(FISH) SR AR LLIRAS BRE e ) A=A 2.
K I X

KRG JUC HA AR I 7T Re 39N 25 4= i
(#1 Roseburia. Butyricimonas) £,
I o M B ZHMSCGEMNERE RN
[, WA RB) Z R EN . X
Yt JUC I3 ek 328 5 A ol TR A= W R ik /D>
RIEFFIRE, RIS EFF o AR AR RS e 1 .
FEZ T, MTZ SECE) 2 W FERSN, T
5-ASA BAAHIRMM, EAERLREDY)
JiE

Rk, NKIKE, JUC MR HTRERE T
PR AR SR, TR 2 R
YEFF R B SRR 0E, T 00 i AT



T GE B R D RE -5 BRAIS 2ORE 15E RUR{E
HEEEE .

AHEFA A A TR BR -

D BEARREN, BIRETCIEA I BE 40 41
()22 5%, T (E J SR 78 FR g ke A

2) RFATEHBEMFFEEEEGN (0
FITC-dextran i{36) ;

3) AW E AR R A, TR EEARUE
1 B En R R LASR T E A

%%:

BT DSS FESHAaMLm %, KKPEK
FH MY E T R AR DL S D REPEFR AR (N
FEMG TR AR . RVZ e B ) DUSRHIE JUC
A A o 28 i) o A AR

5 4k

KRB FEAL T — FhAa ML DK = TR
#1771 (Organosilicone Double-Long—Chain
Diquaternary Ammonium Salt) , A JUC Mk
EHOR R ZE, 1E DSS HSHI/NRGE IR
BMAGERTEN, R HES M2 M
5-ASA SEH AR YT EAT ELEL.
ARG R TR, JUC PEIT R 5549
FH2Y, $E7~ HAT BE BRI 1t 46 W 26 1 —
BABIT IR, B4 F5 S A (R B Sk —
AR H AT EEAE

AW T R I — 2 SCRF DL N AR

D) eI G CRE 2 A WD IBAH S5 S 44D
AREZ S UC R IFEHLE;

2) PRI A BT 18R] IR i 28
X e gk O A WL K R R AR UC
B BRI AE I PR S A SR AL T B
©E,

B w] A4 7

AT 2HLA B 4n Bodls DA T SCEA
AFEAT R . B A AT [l A R A

e

A BRI T 28 AR i X U B2 B sh W 18 B 2%
S HEHE . T S0 24 R 2 M A RN

U ZERITFE

Ve STk

SS: #EE——HHE.

GT: #E5——HHa.

IW: BEE—— R 594 .
SS: EEH——H 7] 59k
ZD: BEE—— [H] 5 gH
QA: BEE—— R 5494 .
HT: $B5——H #5595,
FW: 5 —— R 594 .

2V S

TEF AW, AWETC R T/ 8RR TAR 3R
Bt SCRF . AW TS B X A R 2
B (No. 81873559; No. 82170574)

)

ATV 7 ¥ 2R 728 047 AN By o JRK
W A 2T BHEEOT R AT IR A Rl R R BORSZ

o

M) 2 e 2R 7 B

TEE W], AT AT A T A AEAE
e T E AR A s A R 2k v R 14 R A B 2 T
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VE# P, AT 88 5 a5 v R ASE AR AT
RGN TR R T A,
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