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Abstract: Several chemicals, such as dextran sulfate sodium (DSS), oxazolone, acetic acid, and
trinitrobenzene sulphonic acid (TNBS), have been used for establishing animal models of ulcerative
colitis. These animal models help us to study or explore several factors involved in the etiology
or pathogenesis of ulcerative colitis. They are also useful tools to design and develop effective
drug delivery strategies. DSS is the most widely used tool to induce colitis in animals. The model
of ulcerative colitis developed by this method effectively mimics the colitis condition in humans.
The amount of DSS in drinking water can be adjusted to control the severity of colitis, such as
acute or chronic inflammation. However, a miscalculation in the amount of DSS produces severe
inflammation, which may lead to the death of mice. DSS has been shown to rupture the epithelial
lining and induce infiltration of inflammatory markers such as TNF, interferons, and interleukins.
The current study aims to study the effects of different amounts of DSS on weight loss, changes in
colon length, and histological scoring. Furthermore, the main objective of this study was to find
an optimum concentration of DSS to establish a mouse model for ulcerative colitis. Based on the
disease index, weight loss, bleeding, histological studies, and colon length, 2.5% w/v DSS for 7 days
in water was found to be adequate for the DSS-induced colitis model for a moderate level of colitis,
and 3.5% w/v DSS could be used to study severe experimental colitis.
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1. Introduction

Ulcerative colitis is the prolonged inflammation of the epithelial tissue of the colon with
common symptoms such as diarrhoea, weight loss, abdominal pain, and rectal bleeding [1].
UC is three times more common in European and American populations than in Asian
populations [2]. Despite the developed therapeutic options currently available, chronic
inflammation of the colon can lead to bowel surgery or cancer risk. The major challenge
in inflammatory bowel disease (IBD) research is the complex and poorly understood
nature of the disease, that may be caused by a combination of environmental, genetic, and
immune system factors. Additionally, these heterogeneity of IBD patient populations and
the difficulty in accurately diagnosing and monitoring the disease also pose significant
challenges in IBD research.

All of the molecular events involved in the pathology of ulcerative colitis are complex
and are a combination of changes in genetic, microbial, and other unknown factors. The
hereditary component was confirmed by the observation that a higher percentage of IBD
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patients have a family history of IBD [3]. The incidence was greater in the population of
children of mothers with IBD. This indicates that maternal inheritance factors dominate
ulcerative colitis-related genetic risk [4]. This same meta-analysis study also confirmed the
47 rick loci in ulcerative colitis [4]. Another major component of ulcerative colitis is lifestyle
and environmental factors. Late-stage protection against ulcerative colitis is linked with
early-life exposure to microbes. This is in sync with the positive correlation between better
sanitation in developed countries and a lower incidence of ulcerative colitis [5]. Although
the exact cause of the disease has not been determined, it is believed that overexpression of
inflammatory markers such as TNF-, interferons, and interleukins cause upregulation of
nuclear factor kappa beta sub-proteins [6,7]. These overexpressed inflammatory cytokines
and NF-kB cause weight loss, diarrhoea, bleeding, epithelial distortion, cryptic abscesses,
and damage to the mucosal layer of the colon in ulcerative colitis [8-10]. Therefore, research
scientists are working on different synthetic and natural nano-formulations to inhibit the
over-activation of NF-Kb sub-molecules to cure ulcerative colitis.

Conducting human studies is not possible for academic researchers and access to
human tissue samples is a huge challenge. Thus, researchers are dependent on in vitro and
in vivo models for laboratory-scale research and drug testing.

There are several in vitro models of ulcerative colitis that are commonly used for
research purposes:

e  Organoid culture: This involves the growth of colonic crypts in vitro to generate 3D
structures that mimic the native tissue architecture [11].

e  Cell line models: These models use immortalised cell lines such as Caco-2 or HT-29
cells, which are commonly used to study epithelial cell biology and inflammation [12].

e  Co-culture models: These models use combinations of different cell types, such as
epithelial cells and immune cells, to study interactions and inflammation in a more
complex environment [13].

e  Microfluidic models: These models utilise microfluidic devices to create controlled
microenvironments for the study of cellular responses in a controlled and reproducible
manner [14].

e  Tissue-engineered models: These models utilise scaffolds or hydrogels to engineer 3D
tissue structures that can be used to study various aspects of ulcerative colitis [15,16].

Each of these models has its own advantages and limitations, and researchers can
choose the most appropriate model based on the specific research question they are trying
to answer. The major disadvantage of in-vitro models of IBD is reproducibility and lack
of microbiota which is a key characteristic in the development of intestinal inflamma-
tion [17-19]. Hence, researchers heavily depend on in vivo models to conduct studies
related to IBD research.

There are several chemical agents available to induce inflammatory conditions in
animals that mimic ulcerative colitis conditions in patients, such as dextran sulfate sodium
(DSS), oxazolone, and acetic acid [2]. The selection of the chemical agents is based on their
simplicity, economic value, and reproducibility characteristics. DSS is readily accessible and
easy to promote inflammation since it is taken orally by drinking water. The regrowth of
the colon after discontinuing DSS therapy for a few weeks was also documented [20]. This
model produces more resemblance to disease conditions in ulcerative colitis patients, such
as loss of weight, diarrhoea, bleeding epithelial distortion, cryptic abscess, and epithelial
distortion [21]. DSS injured the lining of the epithelial monolayer of the intestine and
overexpressed inflammatory markers of the epithelia; however, the exact mechanism is
still not clear. Acute and chronic intestinal inflammation can be attained by adjusting the
amount and frequency of DSS [22]. This is the first study that attempts to correlate the level
of the development of experimental colitis with the concentration of DSS administered.
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2. Material and Methods
2.1. Animals and Dextran Sodium Sulfate

Dextran sulfate sodium (DSS): molecular weight 40,000 (MP Biomedicals, Illkirch-
Graffenstaden, France). We acquired 32 female BALB/c mice aged 4 to 6 weeks and which
weighed 20 to 24 g. Two weeks were spent maintaining the mice in cages at the Ulster
University (Northern Ireland) Animal Care Facility at 22-24 °C, 49% humidity, and a
12/12 h light/dark cycle. Fresh drinking water and feed were provided every day. The
Affiliates of Ulster University’s Ethics Committee for Animal Care and Use authorised all
of the animal research (approval number PL-2784).

2.2. Establishment of a Colitis Model

Different concentrations of DSS, such as 1.5% (w/v), 2.5% (w/v), and 3.5% (w/v), were
given to mice in drinking water for seven days. Clinical symptoms such as weight loss,
changes in stool consistency, rectal bleeding, and diarrhoea were recorded to calculate the
disease activity index (DAI) [23].

2.3. Dextran Sodium Sulfate Model of Colitis

Charles River UK provided a total of 32 mice. The mice were acclimatised for two
weeks and then divided into four different groups. Group A, consisting of healthy mice,
received plain drinking water. Different concentrations of DSS were given to groups B, C,
and D, such as 1.5%, 2.5%, and 3.5%, respectively, in drinking water for seven days. The
parameters, such as a change in body weight or stool consistency or faecal bleeding, were
recorded. The disease activity index was calculated based on the clinical parameters. The
mice were sacrificed on the seventh day by cervical dislocation. The colon was removed,
and a change in colon length of was recorded from the first day of the study; all of the mice
were appropriately labelled into the control and experiment groups. Features such as stool
consistency, bleeding, and weight loss were observed daily [24].

2.4. Percentage Weight Change

Progress in colitis inflammation was assessed by examining body weight. The change
in body weight was observed daily from the first days of administration until the time of
sacrifice. The weight of each animal on the first day was considered 100% to calculate the
percentage weight change of each mouse.

2.5. Disease Activity Index (DAI)

The disease activity index (DAI) is used to evaluate and determine the clinical pro-
gression of the disease in experimental colitis. The Friedman et al. method was used to
determine the DAI score [25]. The DAI score was determined by adding the scores for
weight loss, stool consistency, and hematochezia. The daily variations in growth rate, stool
consistency, and the occurrence of gross bleeding or occult blood in the faeces were rated
on a scale of 0 to 4 for each animal, as shown in Table 1. The overall score was equal to the
sum of the subscores [26].

Table 1. Scoring of the disease activity index.

Score Weight Loss Stool Consistency Faecal Blood
0 None Normal None
1 1-5%
2 5-10% Loose Hemoccult +
3 10-20%
4 >20% Diarrhoea Gross bleeding
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2.6. Change in Colon Length

Mice were sacrificed on the 7th day by cervical dislocation. Each mouse’s colon was
surgically excised (post-mortem). The faeces and blood were removed with the help of
cotton and washed with PBS to remove blood clots from the colon. The length of each colon
was measured with the help of a measuring ruler [27].

2.7. Histopathological Analysis

The animals were sacrificed on the seventh day, and the colon was removed. After the
removal of the distal colon section, it was stored in 4% paraformaldehyde solution. It was
then embedded in paraffin wax and sliced with the help of a microtome [28]. For further
pathological analysis, a 5 mm tissue section was stained with haematoxylin and eosin. The
epithelial damage score was allocated based on the histological observation. Using blinded
analysis, the samples were graded according to the criteria outlined by Boirivant et al. [29]
Samples were independently graded by two pathologists, who were blinded to one an-
other’s scoring, and the mean of the two histology scores was calculated [30].

2.8. Colon Cytokine and Myeloperoxidases Measurements

Post-mortem colon tissue (middle section) was snap-frozen and stored in cryo vials at
—80 degrees until further analysis. The snap-frozen tissue was thawed to room temperature
and then homogenised using a method adapted from processing lung tissue used in our
laboratory. TNF- levels were measured using mouse cytokine V-Plex Assay Plates (Meso
Scale Diagnostics; Rockville, MD, USA) in accordance with the manufacturer’s instructions.
MPO activity was measured utilising o-phenylenediamine dihydrochloride as a substrate,
and the findings were extrapolated from an MPO standard curve (Sigma). TNF and MPO
levels were reported as pg per mg or g per mg, respectively, relative to colon protein
concentration.

3. Result and Discussion

It has been documented that weight loss is one of the clinical observations during
colitis [31]. In the present work, a decrease in weight was documented when the mice were
treated with different concentrations of DSS, as shown in Figure 1. Mice treated with 1.5%,
2.5%, and 3.5% DSS demonstrated a decrease in weight after the 4th day of the experiment.
The extent of weight loss was different in each group. The mice treated with 3.5% w/v DSS
weighed significantly less than those treated with 2.5% and 1.5% DSS. Moreover, 3.5% and
2.5% w/v DSS exhibited a similar pattern of weight loss; however, the 3.5% DSS-treated
mice had a slightly greater decrease in weight. Thus, the extent of weight loss increases
with the increasing concentrations of DSS.
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Figure 1. Percentage change in body weight in the mice at different concentrations of DSS. The mice
exhibited noticeable differences in weight loss when they were treated with 1.5% and 2.5% DSS rather
than 3.5% DSS. The loss in weight of the 2.5% and 3.5% DSS groups was observed from the 4th day,
whereas the loss in weight for 1.5% was seen on the 6th day of the experiment.
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To evaluate the severity of inflammation, DAI scores were monitored from day 0 to
day 7. The DAI scores were assigned based on the composite score of weight loss, stool
consistency, and the appearance of blood in the faeces. The mice treated with 1.5% DSS
started losing weight after the 4th day of the experiment, as shown in Figure 2. Their stools
became loose, and the appearance of blood was seen on the 6th day of the experiment,
whereas the weight of the mice treated with 2.5% and 3.5% DSS showed a decrease in
weight on the 2nd day of the experiment. However, diarrhoea and blood in the faeces
were seen on the 5th and 3rd days of the experiment for 2.5% and 3.5% DSS, respectively.
Therefore, the clinical signs of colitis progress as the concentration of DSS increases.
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Figure 2. Effect of different concentrations of DSS on the disease activity index. The DAI score graph
demonstrates a noticeable difference between the 1.5%, 2.5%, and 3.5% DSS-treated group. The DAI
score was observable on the 2nd day for the 2.5% and 3.5% DSS-treated mice, whereas it was visible
on the 5th day of the experiment for the 1.55 DSS-treated group.

On the 7th day, all of the mice were sacrificed by cervical dislocation. The colon was
removed, and the length was measured for each group. It has been reported that shortening
of the colon is one of the clinical signs of colitis [21]. In the current work, a reduction in
colon length was reported, as shown in Figure 3. The length of the healthy colon was 80
mm, as visible in the figure. In comparison to 1.5% and 3.5% DSS, the mice treated with
2.5% DSS had the shortest colon lengths.

Figure 3. Change in colon length at different concentrations of DSS. Group I is the colon of the healthy
mice, Group II is the colon of the 1.5% DSS-treated mice, group IIl is the colon of the 3.5 DSS-treated
mice, and group IV is the colon of the 3.5% DSS = treated mice. The colon in group II has a shorter
length as compared to the entire group.

According to Figure 4, the mice treated with 2.5% DSS show a significantly greater
(p-value < 0.0001) decrease in colon length than the mice treated with 1.5% DSS. Further-



Appl. Sci. 2023,13, 3233

6 of 12

more, the 2.5% DSS group had significantly shorter colon lengths (p-value < 0.001) than
the 3.5% DSS group. The colons of all the groups of mice showed blood and loose stools,
whereas the colons of the healthy group showed normal stools. Overall, the mean colon
length of all the DSS groups was shorter than that of the control group.
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Figure 4. Effect of different concentrations of DSS on colon length. The colons of the entire DSS-
treated group had significantly shorter lengths than the healthy group. Furthermore, the 2.5% DSS
group had a significantly shorter colon length than the 1.5% and 3.5% DSS-treated groups. N = five
mice per group (*** p < 0.0001).

Figure 5 represents the colon histology of healthy individuals and mice treated with
different concentrations of DSS. The mucosa of a healthy colon shows an intact epithelial
cell layer. It also demonstrates a straight and unbroken cryptographer. The mice treated
with 1.2% DSS (C) had less crypt damage than the mice treated with 2.5% DSS and 3.5% DSS.
The appearance of neutrophils is more evident in C (2.5% DSS), and its epithelial structure
has maintained its position. However, the extent of cryptic abscess and epithelial tissue
damage is more prominent in D (3.5% DSS). This higher extent of epithelial damage may
cause death due to chronic inflammatory conditions in mice and may cause irreversible
chronic inflammation [32].

(B)

Figure 5. Histological section of the colons representing (100 x ) the healthy colon (A), the 1.5% DSS
treated colon (B), the 2.5% DSS-treated colon (C), and the 3.5% DSS-treated colon (D). The extent
of inflammation was more noticeable in the 2.5% DSS-treated mice as compared to the 1.5% group.
The crypt was fully damaged in the 3.5% DSS group. The epithelial layer was distorted more in the
3.5% DSS-treated mice.
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The microscopic histological damage score was assigned based on the observation of
epithelial damage and infiltration of inflammatory cells, as shown in Figure 6. The mice
given 2.5% DSS had significantly more epithelial damage (p-value < 0.0001) than the mice
given 1.5% DSS. However, the 3.5% DSS-treated mice had higher epithelial damage than
the 2.5% DSS group. To avoid a higher extent of inflammation, which may cause the death
of mice, 2.5% DSS is the best suited to develop the colitis model.
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Figure 6. Microscopic damage score. The mice treated with 2.5% DSS gained significantly higher
colitis scores than the 1.5% DSS group. Although, the 3.5% DSS-treated mice had an even higher score
than the 2.5% and 1.5% DSS-treated mice. N = five mice per group (*** p < 0.0001 and ** p < 0.001).

Finally, we investigated the effect of different levels of DSS treatment on the expression
of markers of colonic inflammation namely, tumor necrosis factor alpha (TNF «) and
myeloperoxidase (MPO) as these markers could provide a better understanding how
changing/increasing levels of DSS increase the intensity of inflammation in the colon
(Figure 7). We observed that there was a statistically significant increase in levels of both
TNF « and MPO in the DSS-treated mice as compared to the healthy control mice which is
the expected outcome. We also see a gradual increase in levels of both TNF & and MPO as
the dose of DSS is increased. This finding provides further evidence that the increase in the
level of DSS is directly proportional to the increase in the intensity of inflammation.
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Figure 7. Effect of DSS on the expression levels of TNF « (graph (A)) and MPO (graph (B)) in colon
tissue. N = five mice per group (*** p < 0.0001 and ** p < 0.001).

4. Discussion

The entry of bacteria or their antigens into the mucosa due to the disruption of
the epithelial layer of the intestine is considered the causative event in the prognosis of
enterocolitis [33]. As shown previously, intestinal inflammation can be easier or more
readily induced in animal models where the factors that damage the epithelial layer are
clear. Hermiston et al., in a landmark study, confirmed that mucosal inflammation could be
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prevented with a healthy, intact epithelium, where cadherins perform a very crucial role in
their adhesion [34].

As discussed before, several types of animal models have been evaluated to study
intestinal inflammation. Proper selection of an animal model that can mimic human disease
is crucial for the development of new drugs.

Dextran sulfate sodium (DSS) is known to induce colitis in animal models by disrupt-
ing the intestinal epithelial barrier and causing an inflammatory response. One consequence
of this disruption is alteration in the constitution of the gut microbiota.

Experimental studies have shown that DSS treatment leads to a decrease in the di-
versity of gut microbial communities in mice. Specifically, DSS treatment is associated
with a decrease in the relative abundance of beneficial bacteria such as Lactobacillus and
Bifidobacterium, while increasing the relative abundance of potentially pathogenic bacteria
such as Enterococcus and Proteobacteria [35].

These changes in microbial composition and diversity can contribute to the devel-
opment and progression of colitis by altering host-microbe interactions and promoting
inflammation. However, it is important to note that the effects of DSS on the gut microbiota
can vary depending on the DSS concentration used, the duration of treatment, and other
experimental factors [36].

In the present work, we examined DSS because of its easy availability, low cost, and
short time to induce inflammation in mice. DSS-induced colitis causes a series of events that
damage the colon epithelium. These events result in an innate immune response that alters
the function of the epithelial barrier. The effect of the different concentrations on the degree
of damage to the epithelial barrier was carefully evaluated in this study. We have selected
three different concentrations of DSS based on previous studies reported in the literature
and studies carried out in our laboratory [23,27]. The administration of 1.5% DSS w/v DSS
in drinking water causes cryptic structures, cytokine damage, and cryptic abscesses. For a
short period of time, 1.5% DSS w/v of DSS could cause reproducible acute inflammation
limited to the colon. With 3.5% DSS w/v in drinking water, we observed a more damaged
cryptic structure, infiltration of cytokines, and cryptic abscesses.

DSS-induced colitis inflammation is independent of T-cell-mediated immunity, as
demonstrated in immunodeficient mice such as SCID4 and Rag1. This indicates that the
cytokines produced by the innate immune cells are sufficient to produce inflammation
in colitis [37,38]. Several studies have confirmed the crucial roles of macrophages and
neutrophils in mucosal inflammation [39-41]. This makes the DSS-induced colitis models
more useful for the investigation of the innate immune response. These findings are
crucial, which indicates that the cytokines produced by the macrophages are very crucial in
regulating the functions of epithelial cells. The DSS models are also found to be very crucial
in exploring the molecular events of the innate immune system in colitis, especially those of
TLR [42,43]. The effect of DSS on body weight loss was observed; an initial small increase
in body weight for up to 3 days, which began to decrease with bleeding and diarrhoea.
The treatment group showed significant differences in weight loss when treated with 1.5%,
2.5%, and 3.5% DSS. The loss in weight in the 2.5% and 3.5% DSS groups had been observed
since the 4th day, whereas the loss in weight in the 1.5% group was seen on the 6th day of
the experiment. The disease activity index score graph demonstrates a noticeable difference
between the 1.5%, 2.5%, and 3.5% DSS-treated groups. The DAI score was observable on
the 2nd day for the 2.5% and 3.5% DSS-treated mice. In contrast, it was visible on the 5th
day of the experiment for the 1.5% DSS-treated group. The length of the colon reduced as
the disease developed and was significantly shorter on day 4. The 2.5% DSS-treated mice
had the shortest colon lengths when compared with the 1.5% and 3.5% DSS-treated mice.

A histological study of the colon sections stained by haematoxylin and eosin showed
marked inflammation. BALB/c mice were treated with three different concentrations of DSS
for 7 days, and the mice were sacrificed to collect their colons. The extent of inflammation
in the 2.5% DSS-treated mice was significantly greater than in the 1.5% group. The crypt
and epithelial layer were almost fully damaged, and severe infiltration of inflammatory
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cells into the mucosa was seen in the 3.5% DSS-treated group. The group treated with
1.2% DSS (C) showed less crypt damage than the 2.5% and 3.5% DSS-treated groups. The
appearance of neutrophils is more evident in C (2.5% DSS), and its epithelial structure
maintained its position. However, the extent of cryptic abscesses and epithelial tissue
damage is more prominent in D (3.5% DSS). This higher extent of epithelial damage may
cause death due to chronic inflammatory conditions in mice and may cause irreversible
chronic inflammation [23]. Therefore, 2.5% could be a suitable concentration to study the
colitis model and to recover inflammation by stopping the administration of DSS.

DSS induces colitis and involves the disruption of the protective epithelial barrier. This
has led to the investigation of the factors that help maintain and reclaim cellular integrity
after the damage. However, the healing of the colon depends on the extent of epithelial
damage. Excessive damage to the epithelium layer leads to loss of life. In this case, the use
of a 2.5% DSS solution offers the advantage of reversing the cellular damage to the epithelial
layer of the colon. Several studies have investigated the role of TLR, cytokines, and proteins
derived from the epithelial layer itself on damage reversal. The TLR2 ligand was found
to reduce the severity of DSS on epithelial cells, while its deficiency promotes colitis. In
addition to this, TLR4 activation reduces the DSS-mediated action on the epithelial cells by
releasing growth factors that stimulate the cells positively [44,45]. In yet another study, it
was shown that the Wnt pathway inhibited by Dkk1 was positively correlated with colonic
renewal [46].

As it appears from the above discussion, this study could be useful for selecting the
right concentration of DSS to induce inflammation. However, a crucial point to be noted
here is that DSS induces inflammation but does not accurately mimic ulcerative colitis
in humans. The most significant difference is the involvement of the T-cell proinflamma-
tory cytokine response in chronic DSS colitis and polarised T-cell-mediated responses in
human IBD.

5. Conclusions

The current work shows the induction of mild to severe levels of colitis upon admin-
istration of different doses of DSS. Figure 1 depicts the variation in weight loss patterns
when the mice were given different concentrations of DSS in their drinking water. The
figure depicts the extent of weight loss, which was found to increase upon increasing the
DSS concentration. Different doses of DSS, such as 1.5%, 2.5%, and 3.5%, had different
effects on the DAI, as shown in the figure. The amounts of 2.5%, 2.5%, and 3.5% DSS
showed clinical signs of the DAI in the early days of the experiment, whereas 1.5% DSS
appears nearly normal on the last day of the investigation. The mice treated with DSS had
shorter colon lengths than the healthy group, as shown in Figure 3. Blood and loose stools
were observed in the colons treated with 2.5% DSS. The DSS-treated mice had significantly
shorter colon lengths than the 1.5% and 3.5% DSS-treated mice, as depicted in Figure 4. The
colon of a mouse was examined under 100 x fluorescent microscopy to confirm epithelial
layer distortion, cryptic structure damage, and neutrophil infiltration. This damage was
proportional to the increase in the DSS concentration. The microscopic histological scores
assigned to the colons of the healthy mice and the 1.5%, 2.5%, and 3.5% DSS-treated mice
are shown in Figure 6. It confirms that the microscopic scores increase with the increase
in DSS concentration. Based on the above clinical signs, the severity of inflammation, and
observations, 2.5% may be the most suitable concentration of DSS to induce reversible
colitis in mice.

Overall, the major benefit of using the dextran sulfate sodium (DSS)-induced model of
colitis in inflammatory bowel disease (IBD) research is its ability to mimic the key features
of human IBD, such as its chronic relapsing nature, mucosal inflammation, and the devel-
opment of symptoms such as diarrhoea, abdominal pain, and rectal bleeding. This makes
DSS a useful tool for investigating the underlying mechanisms of IBD, testing potential
therapeutic strategies, and evaluating their efficacy prior to clinical trials in humans.
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Our work makes a very specific addition to the available literature by showing that
changing the level of DSS can alter the disease’s intensity from mild to severe; this can
be very useful for researchers as ulcerative colitis is a dynamic disease that changes from
remission to flare-ups in humans. Thus, considering the optimal dose and duration of
DSS exposure for the induction of colitis can allow for better mechanistic studies and the
development of effective therapeutics for ulcerative colitis.

6. Future Work

A combination of the DSS model with other models: The DSS model can be combined
with other models, such as adoptive transfer of T cells or infection with gut microbes, to
study the interplay between different factors in IBD.

Improved characterisation of disease phenotype: The characterisation of the disease
phenotype can be improved through the use of more comprehensive tools, such as histo-
logical, transcriptomic, or proteomic analysis.

Clinical relevance: The model can be improved by increasing its clinical relevance
through the use of human-derived cells or the addition of gut microbes.

By implementing these modifications, the DSS model can provide a more accurate rep-
resentation of the complex etiology of IBD and provide valuable insights for IBD research.
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