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Abstract

Inflammatory bowel diseases (IBDs) are complex multifactorial disease thought to result from inappropri-
ate immune responses to the gut microbiota, in genetically susceptible individuals, under the influence of
environmental factors. Among the different animal models developed to help in understanding IBDs
pathophysiological mechanisms as well as to achieve pharmacological preclinical studies, the dextran sul-
fate sodium (DSS)-induced colitis model is the most widely used because of its simplicity, cost-effectiveness,
and similarity with human IBDs. This section provides with a detailed protocol that we validated in our
laboratory to perform DSS-induced acute colitis in the Sprague-Dawley (SPD) rat.
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1 Introduction

Crohn’s disease (CD) and ulcerative colitis (UC), the two major
clinically defined forms of inflammatory bowel diseases (IBDs),
are chronic remittent or progressive disorders of the gastrointesti-
nal tract, with an estimated prevalence of 250 cases per 100,000
individuals in Western countries [1, 2]. Both CD and UC are
characterized by intestinal inflammation and epithelial injury and
are mediated by shared and distinct inflammatory pathways [3].
Etiology of IBDs is still not fully understood but it is widely
acknowledged that they result from inappropriate and /or deregu-
lated immune responses to the commensal gut microbiota, in
genetically predisposed individuals and under the influence of
environmental lifestyle factors [3]. Understanding these complex
interactions is of importance in order to develop new targeted
therapies of clinical interest that are still deeply of need. To achieve
this, animal modelsof IBDs represent contributive tools as they
allow manipulations and interventions that are not possible with
human studies [4]. Among them, the dextran sulfate sodium
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(DSS)-induced colitis model is the most widely used one as beyond
its shared characteristics with human IBDs etiology, pathogenesis,
and therapeutic response, it is relatively simple, rapid to set up,
and cost effective.

DSS is a sulfated polysaccharide whose colitogenic properties
were first reported in hamsters [5] and extrapolated a few years
later to mice [6] and rats [7, 8]. The exact mechanisms through
which DSS induces intestinal inflammation are unclear but may be
the result of direct damage of the monolayer of epithelial cells in
the colon, leading to the crossing of intestinal contents (e.g., com-
mensal bacteria and their products) into underlying tissue and
therefore induction of inflammation [9]. Clinical manifestations of
the colitis usually include watery diarrhea, occult blood in stools,
and weight loss. In the acute model, rectal bleeding and diarrhea
may occur as early as 2—-3 days following DSS administration and
inflammation is fully installed within 6-7 days. Animals then
recover if DSS administration is stopped, allowing the study of gut
epithelium healing. Weight loss starts 4-5 days following the initia-
tion of DSS-treatment and continues over the next few days,
including 4-5 days after DSS removal. Importantly, the DSS model
is not dependent on adaptive immunity and is thus useful to ana-
lyze the contribution of the innate immune system to the installa-
tion of intestinal inflammation [10]. Inflammation is normally
limited to the colon with some species-dependent variations [9].
Histopathological findings closely resemble that of human IBDs,
especially UC [6], but the inflammatory environment created
includes features of both CD and UC [11]. Finally, the DSS-
induced colitis has been validated as a relevant model for testing of
therapeutic compounds of interest to treat human disease [12].

In this chapter we describe the procedure we have validated in
our laboratory to perform DSS-induced colitis in SPD rats.

2 Materials

1. Sprague-Dawley male rats (Centre d’Elevage Janvier, Le
Genest-St Isle, France) 7-9 weeks old (weighing 170-200 g)
(see Note 1).

2. 4.5-6.0 % w/v dextran sulfate sodium (DSS) salt (molecular
weight 35,000-55,000 g/mol; TdB Consultancy AB, Uppsala,
Sweden) in autoclaved drinking water.

. Animal balance, accurate to 0.1 g.

. Rat cages fitted with a water bottle.

. Anesthesia induction chamber (4.0 % isoflurane, airflow 1 L /min).
. Euthanasia induction chamber (CO,, airflow 3 L /min).

. 70 % Ethanol.
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. Sterile forceps.

. 5 % PBS-buftered formalin.
10.
11.
12.
13.
14.
15.

Permanent ink marker for rat identification.
Scalpel.

PBS.

Small scissors.

Petri dishes.

Ice.

3 Methods

3.1 Prepare Rats
for DSS-Induced
Colitis

3.2 Prepare the DSS
Solution
to Be Administered

3.3 Daily Monitor
Rats for Disease
Severity

3.4 Sacrifice Rats
and GCollect Organs

(@)

. On the first day of DSS administration, house SPD rats at no

more than four per cage. Rats should have ad libitum access to
food and water.

. Label each rat on the tail using the permanent ink marker (or

any other convenient method if preferred). The DSS model is
highly variable and labeling allows to follow-up each individual
rat susceptibility to colitis.

. Weigh all the rats to determine baseline weight. Try to equilibrate

average weights to avoid significant differences between each
group to be tested (e.g., water controls and DSS-treated rats).

. Dissolve 5.5 % (w/v) DSS powder in the drinking autoclaved

water of experimental rats. Stir at room temperature with a
magnetic bar until a limpid solution is achieved. As DSS stabil-
ity is better in a dry form, only prepare the volume required for
the experiment (consider 40 mL /rat/day) (see Note 2).

. Fill the cage water bottle with 400 mL of the DSS solution or

water depending on the groups. Unused DSS solution can be
stored in the fridge for up to 7 days.

. Observe DSS solution or water intake to make sure that equal

amounts are consumed in each groups. Refill cage water bottle
with adapted drinking solution every 2—-3 days (se¢ Note 3).

Measure body weight each day and calculate the % of weight
loss as compared to baseline weight using the following for-
mula (see Note 4):

(b) [(weight day X — baseline weight) / baseline weight]x 100 .

(c)

1.

Place each rat in an individual empty cage to collect and score
feces for consistency and blood (Table 1).

On the day of sacrifice, remove the food from cages 4 h before
cuthanasia. Rats should first be anesthetized in an induction
chamber containing 4.0 % isoflurane (airflow 1 L/min).
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Table 1
Clinical scoring of the DSS-induced acute colitis

Feces consistency Score Blood in feces Score Total
Normal 0 No blood 0 Consistency +
blood scores
Wet 1 Bloody stools and/or 1
blood around the
anus
Soft 2 Severe bleeding 2

Water diarrhea 3 - -

Once unconscious, rats are transferred in a chamber saturated
with CO, (airflow 3 L/min), according to approved institu-
tional animal ethical protocols (se¢ Note 5).

2. Collect blood for serum analyses.

. Once sacrificed, spray 70 % ethanol onto the ventral face of

the rat and carefully perform a midline incision to open the
peritoneal cavity.

4. Remove and weigh the spleen (see Note 6).

10.
11.

12.

13.

. If needed, remove mesenteric lymph nodes for cellular analyses

and bacterial translocation assessment.

. Carefully remove the colon by cutting just after the ileocecal

junction and at the terminal end of the rectum.

. Take a representative picture of colons from rats belonging to

each different group.

. Measure colon length (see Note 7).

. Gently remove fecal content by manual displacement with for-

ceps and by flushing with ice-cold PBS using a blunt needle
attached to a syringe.

Cut colon pieces depending on need (see Note 8).

For histopathological analysis, cut a colon fragment of about
1 cm and carefully open it on the mesenteric face using small
scissors. Remove diet content, feces, and blood by gently
shaking the fragment in a petri dish filled with ice-cold PBS.
Place the fragment in 5 % neutral buffered formalin for at least
24 h before treating it (se¢ Note 9).

For RT-qPCR or WB analyses snap freeze tissues in liquid
azote and store them -80 °C until use (see Note 10).

Colons can be cultured ex vivo to measure inflammatory
mediators secretion. Prepare colon sections as in 11 but wash
them in HBSS with 1.0 % penicillin and streptomycin. Measure
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sample weight using a balance accurate to 0.1 mg. Cut the
colon section in 1-2 mm fragments and transfer them in a
24-well plate containing 1.0 mL of serum-free RPMI 1640
medium with 1.0 % penicillin and streptomycin. Incubate 24 h
a 37 °C, 5.0 % CO, incubator. Collect supernatants and centri-
fuge 10 min at 20,000 x g, 4 °C. Store at —80 °C until analysis
(see Note 11).

4 Notes

. In our experience DSS-colitis develops more efficiently and

reproducibly in young rats that in older ones, probably due to
food and water requirement considerations. Even if colitis can
develop in both male and female rats, more robust colitis are
obtained with males.

. Severity of the colitis is highly variable, depending on rats

strains used as well as vendors and housing facilities [8, 13].
Variability is also dependent on the DSS providers and manu-
facturing lots. It is thus recommended to purchase DSS in bulk
from one given lot and to perform preliminary experiments to
determine the optimal dose of DSS to be administered for
inducing a robust colitis over a period of 7 days. Be careful that
DSS MW is comprised between 35,000 and 55,000 g/mol, as
it is also a critical parameter for colitis induction. For SPD rats,
4.5-6 % DSS doses should be tested to obtain a slow and steady
onset of colitis.

. Usually DSS is administered for 7 days to induce an acute coli-

tis and then replaced by regular water to allow healing to occur.
A complete recovery can be observed by day 20.

. A body weight loss >20 % reflects a highly severe disease and

rats should be sacrificed.

. For analyzing the peak of acute colitis, sacrifice should be per-

formed at days 6—7. After replacing the DSS solution by regu-
lar water, rats will continue to lose weight until days 10-12 but
the healing process would have begun. To better analyze the
healing phase, sacrifice rats between days 14 and 20.

. Increased spleen weight can reflect the severity of inflamma-

tion. Culturing spleen lysates on LB agar is also helpful to
appreciate bacterial translocations. Similarly, liver lysates can
also be cultured.

. In our experience, colon length from 9 weeks old rats in the

water group is usually around 20 cm at sacrifice whereas it is
around 14-16 cm in the DSS-treated group.

. In SPD rats, DSS-induced colitis is more prominent in the

distal part of the colon. When comparing different groups of
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Table 2
Histopathological scoring of DSS-induced colitis

Aspect Score

Normal

Slight increase in cellularity

Increased cellularity including neutrophils, mild edema
Focal erosions, ulcerations of the mucosa

Large and or multifocal mucosal ulcerations

Loss of mucosal architecture

(S B S S =)

Water

5.5% DSS

Fig. 1 Representative H&E staining of colon sections from water controls (left panel) or 5.5 % DSS-treated

(right panel) rats during 7 days

10.

11.

animals, make sure that analyzed samples are coming from the
same colon region.

. Determination of histopathological severity should be per-

formed in a blinded fashion by a trained pathologist on hema-
toxylin and eosin-stained sections. Histological scoring can be
performed as indicated in Table 2. Figure 1 illustrates H&E
sections of distal colon in water and DSS-treated animals.

DSS has been reported to inhibit the activity of both reverse
transcriptase and Taq polymerase enzymes, epically when
colons are removed before switching the DSS solution to regu-
lar water [14]. It is thus recommended to extract RNA with
Qiagen RNeasy Mini Kit (Qiagen, Germantown, Maryland) or
to remove DSS as described elsewhere [14].

Measuring sample weight is important here to report cytokine
production by mg of tissue.
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