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Summary. Background: There is no standard practice in the induction of colitis by 2,4,6-trinitrobenzene sulfonic (TNBS) acid. Usually, the repeated administration of TNBS is preferred, because it will result in a local
Th1 response that has the characteristics of Crohn`s disease. Materials and Methods: A total of 30 rats were
randomized into two groups, consisting of a saline control group of ten rats and a TNBS groups of 20 rats.
After the animals were anesthetized, 0.5 ml of either 0.9% saline (controls) or TNBS 50 mg/kg dissolved in
50% ethanol were instilled into the colon through a rubber catheter. The experiment was repeated weekly for
four weeks, then, the rats were killed at day 40, and the distal colon removed. Results: At day 40, the bowel
wall was basically normal in the control group. In the TNBS group, the bowel lumen became narrow with
thickened wall, and the mucosal surface presented adherent membrane with brown black, linear ulcers, proliferous lymphocyte tissue, inflammatory granulomas and submucosal neutrophil infiltration. The median score
of the severity of the colonic damage was 0 in the control group, and 4,75 (range 4-5) in the TNBS group;
the mean weight of the rats was 180+35 g in the TNBS group, while it was 215+25 in the control group. Conclusions: The presented experiment is a cost-effective and safe method to induce Crohn-like colonic damage
using a lower dose of TNBS, thus avoiding the risk of a massive loss of rats. This model is rather suitable for
the assessment of the effects of potential therapeutic agents. (www.actabiomedica.it)
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Introduction
There is no standard practice in the induction of
colitis by 2,4,6-trinitrobenzene sulfonic (TNBS) acid
(1). The TNBS-induced colitis can be evaluated developing three different models: acute, established and
chronic colitis. These forms are not well documented

in current practice, and the absence of a standardized
terminology leads to confusion (1, 2).
Usually, the repeated administration of TNBS is
preferred, resulting in a local Th1 response that has the
characteristics of Crohn’s disease (3, 4). The chronic
administration of TNBS should result in chronic colitis resembling Crohn`s disease too, but, to date, there is
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not yet much experience with this model. The chronic
TNBS-induced colitis (induced by seven weekly intrarectal administrations of TNBS in ethanol) most
likely reflects the chronic phase of Crohn’s disease
and it is accompanied by the production of IL-23 and
IL-17 by isolated lamina propria mononuclear cells,
49 days after initial administration. Recently, this was
clearly demonstrated by Fichtner-Feigh et al. (2). In
this model, TNBS needed to be dosed very carefully to
avoid a massive loss of mice (4, 5). The aim of our study
is to evaluate the effects of repeated administration of
TNBS in a sample of Wistar rats (5-7).

Materials and Methods
For this study, Winstar male rats weighing
235 g ± 25 g were employed. The animals were housed
in rack-mounted cages with a maximum of 2 rats, and
were fasted for 12 hours with access to water ad libitum before the experiment. In this period, together
with fasting, they underwent bowel cleansing through
the administration of Poliethylene Glycole 1 g/kg, and,
one hour before the experiment, through an evacuative enema with 0.9% saline solution. A total of 30
rats were randomized into two groups, consisting of a
saline control group of 10 rats and a TNBS groups of
20 rats. The animals were anesthetized with 20% ethyl
carbamate (6 ml/kg), and 0.5 ml of either 0.9% saline
(controls) or TNBS 50 mg/kg dissolved in 50% ethanol
were instilled into the colon through a rubber catheter
(12 cm long, external diameter 2 mm). After instillation, the rats were held upside down by their tails for
60 seconds and then returned to their cages. The experiment was repeated weekly for four weeks, then the
rats were killed at day 40, and the distal colon (8 cm)
removed, opened longitudinally and washed to remove
luminal contents (Fig. 1). The rats were sacrificed by
cervical dislocation. The abdominal cavity was opened
and a gross evaluation of the digestive tract was made,
following an already consolidated protocol (8). The
liver and the gastrointestinal tract, intact from anus to
stomach, were immediately excised. The large intestine was subdivided into colon and rectum, and then
opened longitudinally and cleaned with saline. Several
samples were collected for the histological evaluation

Figure 1. Sample of a portion of about 15 cm comprising the
rectum and colon. Macroscopically areas of the inflammation
site are observed, with increased volume of the lymph nodes
(circles indicate the lymph nodes, and arrows the areas involved
by inflammation)

and fixed in a solution of 10% of formalin. The excised
colon was pinned out on a wax block washed with 0.9%
saline and assigned to a code number (weight of colon
segment 8-10 g). The colon was immediately examined
under a stereomicroscope and any visible damage was
scored on a 0-5 scale (Table 1), previously evaluated
in another model. Small sections of colon were taken
from two distinct areas from each colon and placed in
10% formalin for histological examination. Each sample was fixed in formalin and embedded in paraffin.
Sections with a thickness of 5 μm were obtained from
paraffin blocks, and were deparaffinised with xylene for
10 min at 60°C and hydrated with a decreasing ethanol gradient. They were stained with haematoxylin for
4 min (Merck KGaA, Darmstadt, Germany), blocked
for 15 min in tap water, treated with eosin (Merck
GgaA) for 1 min and rinsed in water. The sections were
dehydrated and mounted with a coverslip for histological examination using an automated Leica DM5000
B microscope (Leica, Milan, Italy) connected to a
Leica DC300 F high-resolution camera (Leica, Milan,
Italy). All histological evaluations were carried out by
Table 1. Criteria for scoring the gross morphologic damage
Score Gross morphology:
0 No damage
1 Localized hyperemia with no ulcers
2 Linear ulcers with no significant inflammation
3 Linear ulcers with inflammation at one site
4 Multiple sites of ulcers and inflammation, the size of ulcers
<1 cm
5 Multiple inflammations and ulcers, the size of ulcers >1 cm
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two different histopathologists on ten random fields at
200X magnification.
Myeloperoxidase activity was not evaluated. Furthermore, to examine the severity of the colitis, the
body weight of the treated rats was measured every
other day, and clinical findings such as area of ulcers
(measured using NIH imaging software on the colon
pictures), length (colocaecal junction to anal verge),
and weight of the colon 10 days after the last TNBS
injection were also assessed.
During the experimental period the weight of
treated rats was decreased due to onset of diarrhea that
led to intestinal malabsorption while the weight of
control group remained stable.

At the end of the experiment, the median score of
the severity of the colonic damage was 0 in the control
group, and 4.75 (range 4-5) in the TNBS group; the
mean weight of the rats was 180+35 g in the TNBS
group, while it was 215+25 in the control group.

Results
Forty days after TNBS/ethanol administration,
the bowel wall was basically normal in the control
group (Table 2). In the TNBS group, the bowel lumen became narrow with thickened wall (2-3 mm),
while on the bowel mucosal surface there was an adherent membrane with brown black, linear ulcers (1-6
mm), proliferating lymphocyte tissue, inflammatory
granulomas and submucosal neutrophilic infiltration.
Macrophages, lymphocytes, fibroblasts, and cryptoabscesses were also observed. This group also presented
noticeable ulcers and inflammatory granulomas in the
colon; neutrophil infiltration was clearly observed in
mucosa and sub-mucosa, and extensive necrosis of the
colonic mucosa with exfoliation of the epithelia were
found in the other rats with intact muscularis. In the
case of severe ulcers, the colon often adhered to the
surrounding intestinal tissues and abdominal wall
(Figg. 1-4). 2 rats of TNBS groups died for diarrheal
syndrome and cachexia after the second and the fourth
day of treatment.

Figure 2. Histologically, in the tract of the rectum examined
an inflammatory infiltrate is observed, consisting of monocyte
cells (lymphocytes, macrophages, plasma cells) and some neutrophils, involving the mucosa and submucosa up to the tunica
muscularis. Furthermore, there are observed areas of loss of the
epithelial lining that reaches the muscularis (ulcers), in which
the inflammatory infiltrate is more pronounced

Table 2
T
T0
			

T1
T2
T3
(after 3 days) (after 7 days) (after 30 days)

Clinical absent Diarrhea* Bloody mucus Bloody mucus
features			 diarrhea and diarrhea and
				
weight loss
weight loss
*Death of one rat on the second and fourth day of treatment

Figure 3. Histologically, in the tract of the rectum examined
an inflammatory infiltrate is observed, consisting of monocyte
cells (lymphocytes, macrophages, plasma cells) and some neutrophils, involving the mucosa and submucosa up to the tunica
muscularis. Furthermore, there are observed areas of loss of the
epithelial lining that reaches the muscularis (ulcers), in which
the inflammatory infiltrate is more pronounced
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Figure 4. In the lymph node there is a hyperplastic lymphadenitis, with evidence of lymph corpuscles, the outcome of the
insult to the rectum

Discussion
Our method for the induction of colitis in rats
involves the use of 50 mg TNBS dissolved in 50%
ethanol, a low dose which has proven to be able of
causing a diffuse colonic inflammation, characterized
by increased leukocyte infiltration, edema, and ulceration. This method based on a repeated administration
of TNBS is developed because it will result in a local
Th1 response that has characteristics of Crohn`s disease. Furthermore, this dosage is chosen to avoid massive loss of rats as published also by other researchers
reporting the use of similar doses (9, 10).
The experimental model used is a well-validated
animal model, simple, reproducible, and adaptable to
small animals. Over years, the development of the
model of colitis by TNBS (as well as the development
of other experimental models of intestinal inflammation) has allowed a very close study of early events, the
analysis of the interactions between the different components and the identification of the immunological
and genetic processes that determine susceptibility (3,
4). This model has provided important informations
about the mechanisms underlying inflammation and
pathogenesis as well as the treatment of inflammatory
bowel diseases. The main objective of our study was
to develop a model of chronic colitis by TNBS in the
rat, to reproduce the clinical course of human chronic
inflammatory bowel diseases, usually characterized by

periods of active inflammation interspersed with more
or less long remissions, and subsequently, in a second
step, to evaluate the therapeutic effect of fat-derived
mesenchymal stem cells (FD-MSC) on the reactivation of colitis (11-13). To develop this model of TNBS-induced chronic colitis, we studied the effect of
repeated instillation of the hapten on reactivation of
the inflammatory process and the course of inflammation during the four-week duration of the experiment.
The results showed that the repeated dose of TNBS
induces a recurrence of the phenomenon inflammatory, with the appearance of ulcers in the colon, infiltration of granulocytes in the mucosa and submucosa and
diarrhea in the treated group. 2 rats of this group died
for diarrheal syndrome and cachexia after the second
and the fourth day of treatment.The administration of
TNBS in the model determines an increase in tissue
levels of TNF-α and myeloperoxidase activity, and,
consequently, is characterized by the presence of a significant inflammatory infiltrate (5), as demonstrated
by histological analysis.

Conclusions
TNBS is a hapten which, when it is bound with
tissue proteins, will turn into a antigen. It has been
shown that it can elicit immunological responses, thus
inducing generation of colitis (6, 7).
The TBNS model is widely used for the study
of the immunological mechanism that have a role in
the pathogenesis of IBD since it is easily induced and
highly reproducible.
This model is characterized by a simple process,
reproducibility of the colonic damage, and inexpensive
and short duration of the experiment, thus obtaining
long-lasting damage with inflammatory cell infiltration and ulcers. Thus the model is rather suitable for
the assessment of the effects of potential therapeutic
agents and it would be suitable for new regenerative
therapies with adult stem cell.
In the present study, the dose of TNBS producing
a moderate colonic inflammation and ulcers was about
50 mg/kg. The advantage of this model is that Crohnlike colonic damage was obtained using a lower dose
of TNBS, thus avoiding the risk of a massive loss of
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rats. Forthcoming studies are needed to evaluate the
cytokine profile in this model.
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