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Abstract. The aim of the study was to reproduce experimentaly IBD in rats to achieve a moderate inflammation, 

using dextran sodium sulphate (DSS) and 2,4,6-trinitrobenzene sulfonic acid (TNBS), and to compare the lesions 

induced against the colonic wall. A total of 18 male Wistar rats divided in 3 groups were used in this experiment. 

The group 1 (control group) received tap water; group 2 received 4% DSS in their drinking water during 7 days; 

group 3 received intrarectally a single dose of 80 mg/kg TNBS diluted in 50% ethanol. The rats from the TNBS 

group had a significantly bigger colon weight (3.52±0.18 g) compared with the rats from DSS (2.37±0.14 g) and 

control (2.24±0.13 g) groups and the colon was significantly longer in the rats from the DSS group (23.33±0.61 

cm) compared with the rats from TNBS (20.33±0.33 cm) and control (20.7±0.42 cm) groups. The rats from both, 

DSS and TNBS groups developed lesions of colitis. 
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Introduction 
 
Inflammatory bowel diseases (IBD) which 
includes ulcerative colitis (UC) and Crohn’s 
disease (CD) are multifactorial diseases 
characterized by chronic inflammation of the 
gastrointestinal tract (Gaudio et al., 1999). UC 
and CD have distinct pathologic features, 

regarding the location, depth and severity of 
inflammation. For UC, inflammation is confined 
to the colon and rectum, is continuous, and 
superficial, affecting only the mucosal layer of 
the intestinal wall. In CD the inflammation can 
affect any part of the gastrointestinal tract, is 
typically discontinuous or ‘patchy’, and 
involves all layers of the intestinal wall. 
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Although none of the current IBD models could 
fully reflect the equivalent for the human 
diseases, the clinical features in animal models 
that are of relevance to human IBD include 
weight loss, anaemia, diarrhoea, and 
sometimes mucus or blood in the faeces. 
Animal models of IBD offers significant 
advantages, can be investigated not only 
factors concerned in pathogenesis, but also the 
secondary effects of ulceration, liver changes, 
effects on protein metabolism, electrolytic 
changes in the cellular and extracellular spaces, 
and other systemic complications. 
 
A variety of agents have been used as inducers 
of colitis in animal models, but the two most 
widely used chemicals used to induce IBD in 
such models are 2,4,6-trinitrobenzene sulfonic 
acid (TNBS) and dextran sodium sulphate 
(DSS). Both act via acute destruction of the 
intestinal barrier, although TNBS more closely 
mimics CD, and DSS the UC (Alex et al., 2009). 
 
DSS (C6H7Na3O14S3) is a polyanionic 
derivative of dextran, most commonly 
administered in the drinking water, often as a 
3% solution (Johansson et al., 2010), although 
it can also be administered rectally. The DSS-
induced colitis is characterized by initial acute 
colonic injury that starts distally after about 
five days and is confined to the colonic mucosa. 
Acute-phase cell infiltrates are confined to the 
lamina propria, and the injury is limited to the 
mucosa also in lamina propria, while the 
chronic form leads to marked lymphoid hype 
rplasia, ulcerations, and progressive mucosal 
atrophy (Gaudio et al., 1999). Histologically, 
DSS colitis in Wistar rats emerged to share 
almoust all morphological characteristics and 
lesion distribution with human ulcerative 
colitis. 
 
TNBS (C6H3N3O9S) is a nitroaryl oxidizing acid 
with extreme oxidising properties. TNBS 
dissolved in ethanol induces severe colonic 
damage, which is characterized by areas of 
necrosis surrounded by areas of acute 
inflammation. It has been estimated that the 
inflammation in TNBS-induced colitis initiates 
the inflammatory response via macrophage-
mediated recognition and degradation of 
TNBS-modified mucosal cells and proteins 
(Grisham et al., 1991). TNBS may reduce 

mucosal hydrophobicity by reacting with the 
surface-active phospholipids of the colonic 
mucosa. Reduced hydrophobic integrity of the 
colonic mucosa may contribute to TNBS-
induced colonic inflammation (Tatsumi and 
Lichtenberger, 1996). 
 
The aim of the study was to reproduce 
experimentaly IBD in rats to achieve a 
moderate inflammation using two different 
chemicals, and to compare the lesions induced 
against the colonic wall. 
 
Experimental protocol was approved by the 
Commission of Ethics of University of 
Agricultural Sciences and Veterinary Medicine 
Cluj-Napoca, and experiments were made, in 
accordance with the Directive 2010/63/EU of 
the European Parliament and of the Council on 
the Protection of Animals used for Scientific 
Purposes. 
 
Materials and methods 
 
A total of 18 male Wistar rats (weighing 180-
230 g) were used in this experiment, they were 
maintained in a restricted access room and 
were housed in plastic cages at standard 
laboratory conditions (room temperature of 
22°C, humidity 50-60%, with a controlled 12-h 
light±dark cycle). The rats were provided with 
standard laboratory rodent pelleted formula 
diet. 
 
The experimental animals were randomized 
into three groups, of 6 rats each one. The group 
1 (control group), received tap water; group 2 
received 4% DSS (MW 5000 Da, Sigma, USA,) in 
their drinking water provided ad libitum, 
during 7 days; Group 3 received intrarectally a 
single dose of 80 mg/kg TNBS (1 M, 293.17 
mg/ml, Fluka, Buchs, Switzerland) diluted in 
50% ethanol, and had free access to tap water. 
The total volume of instilled TNBS varied 
between 0,48-0,75 ml according to rats weight. 
For the rats of the group 3, a 24 h fasting 
period before the inoculation was set up, but 
with ad libitum access to water. Under 
anesthesia (xylazine 10mg/kg and ketamine 
100mg/kg, IM) TNBS was instilled into the 
colon lumen with a polyethylene catheter (3-
mm outer diameter) fitted onto a 1-ml syringe, 
introduced approximately such that the tip was 
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8 cm proximal to the anus. After instillation, 
the rats were held with the head down for one 
minute to prevent TNBS from leaking out and 
they were maintained in a head-down position 
at 45° until they recovered from the anesthesia. 
 
In the day 8 of the experiment, all the animals 
were euthanized. The abdomen was opened 
along the median line and the colon was 
removed as a whole. The colon length was 
measured, the total length was calculated from 
the cecocolic junction to the rectum at the 
synphisic bone. Then it was immersed in 10% 
neutral buffered formalin solution for 48 h and 
was processed for routine light microscopy 
according to standard procedures. For the 
histopathology, samples were dehydrated in 
ethanol baths with ascending concentrations, 
cleared in xylen an embedded in low melting 
temperature paraffin wax following the 
laboratory routine protocol. Four micron 

multiple sections were cut from the resulted 
paraffin blocks and stained with hematoxylin 
and eosin (H&E). 
 
Statistical analysis 
 
Arithmetic mean and standard error of mean 
were calculated for length and weight of colon. 
Then, all data were analyzed by one-way 
analysis of variance (ANOVA) and Tukey-
Kramer multiple comparisions test using 
GraphPad software. The level of significance 
was set at 0.05. 
 
Results 
 
The results regarding the effect of DSS and 
TNBS on the colon weight and lenght, are 
shown in the table 1. 
 

 
 

Table 1. Colon weight and length, in studied groups 
 

Parameter Group* Mean± SEM** p value 

Colon weight (g) 1 2.24±0.13   
2 2.37±0.14 p>0.05 

p< 0.001 
3 3.52±0.18 p< 0.001 

Colon length (cm) 1 20.7±0.42   
2 23.33±0.61 p< 0.01 

p< 0.01 
3 20.33±0.33 p>0.05 

*1 = control; 2 = DSS; 3 = TNBS; **SEM = standard error of mean. 
 

 
The colons of the rats from group 1 were 
macroscopically and histopathologically 
normal. All the rats challenged with DDS and 
TNBS developed colitis. 
 
Macroscopically, the rats from the DSS group 
presented focal congestion and superficial 
erosions of the colonic mucosa, while in the 
case of the TNBS group, diffuse congestion and 
multifocal ulcerative colitis were observed. 
 
Histological examination of DSS rat group 
revealed diffuse lymphocytic, plasmocytic and 
histiocytic infiltration, the inflammation had a 
superficial character, impairing strict colonic 
lamina propria without ingress in submucosa. 
Overall, the colonic lesions were consistent 
with a diagnosis of lympho-plasmocitary 
colitis. For the TNBS rat group, the microscopic 
lesions were represented by multifocal 

ulcerative superficial lesions, affecting the 
intestinal epithelium, discrete to severe diffuse 
lymphocytic, polymorphonuclears, and 
eosinophilic infiltration in the colonic lamina 
propria and with weak trend of submucosal 
infiltration, also hyperplasia of mucosa 
associated lymphoid tissue (GALT). 
 
Discussions 
 
In the last years a large number of animal 
models of IBD have been developed, 
contributing to the knowledge about the 
pathogenesis of acute and chronic intestinal 
inflammation (Neurath, 2012). The colonic 
inflammation after DSS administration is not 
clear, it is supposed that DSS cause a signifiant 
decrease in the tickness of the inner mucus 
layer, and increase the permeability of the 
mucus, allowing bacteria to quickly penetrate 
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and to reach the epithelial cells. For the acute 
colitis in rodents, DSS is used 3 to 5% for 5-7 
days. The DSS advances in the gastrointestinal 
tract without being degraded and because of 
the water absorption in the colon it will 
probably have a higher concentration than that 
from the drinking water (Johansson et al., 
2010). Histologically, DSS colitis in Wistar rats 
emerged to share almoust all morphological 
characteristics and lesion distribution with 
human ulcerative colitis (Kishimoto et al., 
1992). 
 
TNBS-colitis is widely used as a model for IBD. 
A single local application of TNBS dissolved in 
ethanol which disrupts the mucosal barrier 
acting as a mucosal irritant, induce a severe 
and prolonged degenerative inflammation of 
large segments of the colon, this model sharing 
several aspects of the human IBD (Selve and 
Wöhrmann, 1992; Motavallian-Naeini et al., 
2012). Morris et al. (1989) produced and 
histologically characterized for the first time 
colitis in rats using TNBS. The administration 
and doses of TNBS differ significantly between 
different studies; the methodology is 
inconsistent and no standardized protocol has 
been generally developed. High concentrations 
of TNBS (60 mg/ml) and small volumes (0.29-
0.38 ml) will induced a localized severe 
inflammation, resulting in deep colonic 
ulcerations, coprostasis, stenoses and ileus 
(Brenna et al., 2013). If milder and more wide 
spread inflammation is desired, lower TNBS 
concentrations in a larger total volume must be 
used. In our study, a dose of 80 mg/kg TNBS 
diluted in 50% ethanol, with the total volume 
instilled between 0.48-0.75 ml according to 
rats weight, produced discrete diffuse 
lymphocytic and eosinophilic infiltration in the 
colonic lamina propria and submucosa. 
 
Regarding the colon weight, we have found 
significant differences (p<0.001), the rats from 
the TNBS group had a significantly bigger colon 
weight (3.52±0.18 g) compared with the rats 
from DSS (2.37±0.14 g) and control (2.24±0.13 
g) groups. Also significant differences were 
found between the colon lenght (p<0.01), this 
was significantly longer in the rats from the 
DSS group (23.33±0.61 cm) compared with the 
rats from TNBS (20.33±0.33 cm) and control 
(20.7±0.42 cm) groups. 

Spontaneously developing colitis is rare in 
animals, so experimental studies are in 
consequence dependent on artificially induced 
colitis models. The optimization of drug dose 
used for induction of colitis under the 
laboratory conditions is very important, 
preferably, the optimal animal model of IBD 
should resemble the clinical manifestations 
and histopathology of the disease. 
Furthermore, it shouldn’t cause high mortality 
and not to be too expensive by providing 
widely available animals and chemical 
substances. The results of our study support 
the suitability of these two models for future 
experimental studies. 
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