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Abstract: Reproducibility in animal research is crucial for its reliance and translational relevance. The 
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced model of inflammatory bowel disease (IBD) is widely used but 
inconsistently and incompletely characterized throughout the literature. This hinders comparisons between studies 
and influences the low rate of translation of effective preclinical molecules. The purpose of this study was to 
categorize TNBS-induced colitis, based on macroscopic and microscopic scoring systems, and to identify basic 
routine parameters that could anticipate those categories. We retrospectively analysed male Wistar Rattus 
norvegicus (n=28 for the control group and n=87 for the TNBS group) and categorized TNBS-induced colitis in 
three phenotypes: Mild, Moderate and Severe colitis, as for human IBD. Also, we showed that the time course of 
food intake and fecal excretion (but not body weight, fluid intake or welfare scores) could foresee those categories. 
So, routine evaluation of food intake and fecal excretion may guide researchers in planning their experiments, 
selecting the animals with the severity of colitis that better matches their aims, or applying early humane endpoints 
to animals that will not be used in the experiments. In conclusion, categorizing TNBS-induced colitis enhances the 
reproducibility of data gathered with this experimental model and strengths its translational relevance.
Key words: 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis, animal model, categorization, inflammatory 
bowel disease

Introduction

Animal models are fundamental to characterize the 
pathophysiology of diseases, uncover drug targets and 
test novel therapeutic approaches in vivo. However, 
complete information about the protocol for induction 
of the animal model and/or animal welfare is frequently 

absent in scientific literature and can lead to experimen-
tal failure and misguided conclusions, compromising the 
quality of science itself [1, 2]. Also, insufficient and/or 
not fully reported information contributes to decrease 
the reproducibility of animal studies and partially justi-
fies why molecules that have been successful in pre-
clinical studies have such a low efficacy when tested in 
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humans [2].
Inflammatory bowel disease (IBD), which includes 

Crohn’s disease and ulcerative colitis, is a chronic in-
flammatory condition of the gastrointestinal tract which 
prevalence surpasses 0.3% in western countries [3]. This 
complex and costly disease has a negative impact on the 
health and quality of life of patients. Several drugs in-
duce and maintain remission but are not effective in 
every patient and frequently cause adverse reactions [2]. 
Due to the complexity of IBD, appropriate animal mod-
els, and associated metrics of disease, are essential to 
study its multifactorial aetiology and pathophysiology, 
as well as to test the efficacy of new prevention and/or 
treatment strategies [1, 2, 4].

The TNBS (2,4,6-trinitrobenzene sulfonic acid) mod-
el is the most common chemically-induced IBD model 
in Rattus norvegicus due to its cost-effectiveness, easy 
induction technique, and broad tissue collection [1, 4–6]. 
Administration of TNBS to Rattus norvegicus causes 
typical symptoms of the human disease: absence of stool 
formation or the presence of diarrhea (sometimes 
bloody), weight loss and a general welfare decrease [4, 
7, 8]. TNBS is rectally instilled as an ethanolic solution 
in which the alcohol is essential for disrupting the intes-
tinal epithelial cell barrier, enabling TNBS to penetrate 
the bowel wall and to be recognized as a target by the 
host immune system [7, 9]. It has been reported that 
TNBS-induced disease activity in Rattus norvegicus 
depends on the ethanol/TNBS dosage, strain, age, weight 
and housing conditions of the animals [1, 4, 7]. Further-
more, several parameters are used to evaluate the activ-
ity of the disease, like the disease activity index (DAI), 
colon weight/length ratio, and macroscopic [10, 11] or 
microscopic scores [11, 12]. But these are not standard-
ized across studies, prompting the urge to implement 
uniformed criteria to monitor experimental colitis. A 
recent survey revealed that scientific papers generally 
do not report how TNBS-induced animals were main-
tained or their clinical evaluation, including humane 
endpoints [1, 4, 13].

From our experience, the symptoms manifested by the 
animals differ despite induction and monitoring stan-
dardization or housing conditions, constituting an inter-
ference factor for data gathered from functional studies. 
Therefore, the main aim of the present study was to 
define 3 categories of colitis in TNBS-induced Rattus 
norvegicus, based on macroscopic or microscopic scor-
ing systems, in order to increase data reproducibility. 
Furthermore, we aimed at evaluating whether the time-
course of basic routine parameters used for monitoring 
the animals could be used to anticipate those categories. 
To enhance the translational relevance of the Rattus 

norvegicus TNBS-induced model of colitis, the number 
and criteria for defining the categories was chosen to 
resemble those defined for classifying the activity of 
human IBD (mild, moderate and severe colitis), which 
are determined by macroscopic evaluation during colo-
noscopy procedure, and further characterized by micro-
scopic evaluation of colonic biopsies.

Materials and Methods

Animals
Animals were raised and maintained in the rodent 

animal house facility of ICBAS-UP (approved by the 
national competent authority: 024159/2017-DGAV). Ac-
cording to the EU Directive 2010/63 and the Portuguese 
DL 113/2013, the project was approved by the local 
(179/2017-ORBEA-ICBAS-UP) and national 
(003511/2018-DGAV) competent authorities, and the 
study was reported in accordance with the ARRIVE 
guidelines.

Male Wistar Han Rattus norvegicus from different 
litters [14], were housed in individually ventilated cag-
es (GR900 sealsafe plus; Tecniplast, Milan, Italy) with 
proper bedding (Corncob ultra 12; Ultragene, Santa 
Comba Dão, Portugal), nesting (soft paper), enrichment 
material (polycarbonate/paper tunnels, seeds and sugar-
free cereal flakes weekly), and ad libitum access to au-
toclaved tap water and laboratory rodent diet (4RF21, 
Mucedola S.r.l., Milan, Italy). Complete feed for rats 
maintenance included the following ingredients (listed 
in descending order of inclusion): wheat, maize, soybean 
meal extracted toasted, corn gluten feed, wheat straw, 
fishmeal, lucerne meal, mineral dicalcium phosphate, 
calcium carbonate, sodium chloride, whey powder, soy-
bean oil and yeasts. Proximate analysis: moisture 
(12.00%); crude protein (18.50%); crude oil (3.00%); 
crude fibre (6.00%); ash (7%) and Nitrogen Free Extract 
(NFE, 53.30%). The facilities had controlled ventilation, 
temperature (20–24°C), relative humidity (40–70%), and 
regular lighting cycles (12/12h). Animals were housed 
with their littermates (2–3 per cage) until colitis induc-
tion, from when they were kept individually.

Colitis induction
At 8–12 weeks of age, all animals were randomly 

assigned to control (n=28) or TNBS group (n=87). Con-
trols were not subjected to any further manipulation. On 
day −1, animals ascribed to the TNBS group were indi-
vidually housed and fasted overnight with ad libitum 
access to a 5% sucrose solution, to ensure the existence 
of as few fecal pellets as possible in the distal colon. On 
day 0, these animals were anesthetized ad effectum with 
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isoflurane (Isoflo®; Esteve, Barcelona, Spain) and a 30% 
ethanolic solution of TNBS (20mg/ Rattus norvegicus; 
250µL; Sigma-Aldrich Inc., St. Louis, MO, USA) was 
rectally instilled with a feeding needle (ST1 75-0285, 
Harvard Apparatus, Holliston, MA, USA) [9]. Since 
then, analgesia was provided with paracetamol 
(Paracetamol® Farmoz, Sintra, Portugal, approximately 
500 mg/Kg, PO, daily throughout the entire protocol) 
and/or tramadol (20 mg/kg, SC, Tramadol®, Labesfal, 
Santiago de Besteiros, Portugal, 100 mg/2 ml) as need-
ed. Metoclopramide (1 mg/Kg, SC, Metoclopramida 
Labesfal, Santiago de Besteiros, Portugal) was given to 
prevent obstipation in the first days after induction. 
Throughout this entire study we observed a 1/87 mortal-
ity rate and one other animal was sacrificed after con-
sidering humane endpoints and the category (severe 
colitis) in which it would fall into.

On day 7 or 8 after TNBS induction, animals were 
sacrificed by decapitation (small Decapitator, Harvard 
apparatus). The abdomen was opened, and the general 
appearance of the colon and surrounding tissues was 
observed. The colon with adjacent cecum was excised, 
the cecum was removed, and the colon gently cleaned 
of fecal content using Krebs-Henseleit solution (in mM: 
118 NaCl, 4.8 KCl, 2.5 CaCl2.2H2O, 1.2 NaH2PO4.H2O, 
1.2 MgSO4.7H2O, 25 NaHCO3, 0.02 Na2EDTA, 0.3 
Ascorbic Acid and 11 glucose mono-hydrated). In a sub-
set of control (n=4) and TNBS-induced (n=9) Rattus 
norvegicus, the colon was weighted (g) and measured 
(cm). Colonic perimeter was also assessed in a subset of 
controls (n=8) and TNBS-induced animals (n=16). 
Then, 1 cm-long segments of the middle colon (MC) and 
distal colon (DC) were collected (Fig. 1) for a func-
tional ongoing study of our group. The rest of the colon 
was opened longitudinally to measure colonic perimeter 
(cm) and to allow evaluation of macroscopic and micro-
scopic inflammatory damage (Fig. 1).

Evaluation of macroscopic inflammatory damage
Macroscopic inflammatory damage was quantified by 

observation of the mucosa and, according to the features 
described in Table 1, attribution of a Macroscopic score 
(MaS) that ranged from 0 to 12 points. We assessed the 

partial MaS of the MC and DC portions (Fig. 1) and then 
calculated the total MaS as the average of partial MaS.

Evaluation of microscopic inflammatory damage
Microscopic inflammatory damage was evaluated in 

a 1.5 cm-length full thickness segment of the colon (be-
tween DC and MC; Fig. 1) of a subset of control (n=8) 
and TNBS-induced animals (n=17). For that, the segment 
was fixed in 10% buffered formalin, embedded in paraf-
fin wax, and cut in 3µm full thickness sections that were 
stained with haematoxylin and eosin. A veterinary pa-
thologist, who was blind to the experiment, applied a 
Microscopic score (MaS) that ranged from 0 to 10 points, 
according to criteria previously defined (Table 2) [11].

Categorization of TNBS-induced colitis
To converge with the categorization of human IBD 

[15], we categorized TNBS-induced Rattus norvegicus 
in three categories that were defined by the MaS. As so, 
TNBS-induced Rattus norvegicus presenting MaS=[0–4[ 
were categorized as having Mild colitis, TNBS-induced 
Rattus norvegicus with MaS=[4–8[ were categorized as 
having Moderate colitis, and those TNBS-induced Rat-
tus norvegicus with MaS=[8–12] were categorized as 
having Severe colitis.

Fig. 1.	 Portions of the colon used throughout the protocol to attribute the Macroscopic Score (MaS) and Micro-
scopic Score (MiS). Distal Colon (DC) and Middle Colon (MC).

Table 1.	 Criteria to assess Macroscopic Score (MaS) (Adapted 
from [10, 11])

Parameter Score

Adhesions between the colon and the 
adjacent organs

0 – absent
1 - mild/focal
2 - moderate/zonal
3 - severe/diffuse

Colon thickness 0 - normal
1 - mild increase
2 - moderate increase
3 - marked increased

Mucosal edema/hyperemia 0 - absent
1 - mild
2 - moderate
3 - severe

Mucosal ulcers 0 - absent
1 - single
2 - at one site
3 - at more sites
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Considering MiS, we defined TNBS-induced Rattus 
norvegicus presenting MiS=[0–4[ as having Mild colitis, 
TNBS-induced Rattus norvegicus with MiS=[4–7[ as 
having Moderate colitis, and those TNBS-induced Rat-
tus norvegicus with MiS=[7–10] as having Severe coli-
tis.

Monitoring of TNBS-induced colitis
All animals were daily monitored assuring the proper 

surveillance/application of humane endpoints. The fol-
lowing parameters were daily registered: body weight, 
food and fluid intake and the number of fecal pellets. 
Moreover, two scores were applied, every day, by cage-
side assessment: general welfare/clinical signs (Table 3) 
and real-time Rattus norvegicus Grimace scale for facial 
expression of pain/discomfort [13, 16] (Table 4).

Statistical analysis
Using power analysis to calculate sample size [17], 

only 1-3 Rattus norvegicus per group would be necessary 
to detect differences between MaS or MiS categories in 
95% (β of 0.05) of cases with an α value of 0.05 (“Sam-
ple Size Calculation” free software). However, we ana-

lysed a larger sample since we could share the TNBS-
induced animals that were ascribed to functional ex vivo 
protocols of our group.

All data are mean (SEM) or median (25–75% interval) 
and, when stated, n refers to the number of experimental 
animals. Statistical analysis was performed using Graph-
Pad Prism 7, by Mann-Whitney test or Kruskal-Wallis 
followed by Dunn’s multiples comparisons test, or by 
regular or Brown-Forsythe and Welch one-way ANOVA 
followed by Tukey’s or Dunnett’s multiple comparisons 
test, as appropriate. Also, the Chi-square test was used 
to compare the % of rats that were allocated to each 
category. Spearman’s correlation was used to estimate 
correlation between MaS and MiS of each animal and 
between average food intake or fecal excretion and MaS 
or MiS. Generally, a P<0.05 was considered statisti-
cally significant, unless other criteria is defined.

Results

The colon of control animals was generally filled with 
ovoid-shaped fecal pellets (Fig. 2Aa), whereas that of 
TNBS-induced Rattus norvegicus was filled by pasty 
stools (Fig. 2Ac) and occasionally adhered to other or-
gans, such as the small intestine or seminal vesicles. We 
frequently observed (mainly on day1 and day2) peri-
neal muco-sanguineous secretions, that sometimes 
evolved to loosen stools, and less often to diarrhea. 
Abdominal liquid or blood was never observed. TNBS-
induced animals had a higher colon weight/length ratio 
(Fig. 2B) and a higher colonic perimeter (Fig. 2C) than 
controls. Moreover, the mucosa of TNBS-induced Rattus 
norvegicus was usually thicker than that of controls 
(Figs. 2Ab and 2Ad), with a variable number of hyper-
aemic and ulcered areas, that were more abundant and 
deeper on the DC (Fig. 2Ad). Considering the previous 
reported criteria, TNBS-induced Rattus norvegicus had 
higher MaS than controls (Fig. 2D) and the DC had 
higher MaS than the MC (Figs. 2Ad and 2E).

Table 2.	 Criteria to assess Microscopic Score (MiS) 
(Adapted from [11])

Parameter Score

Mucosal damage 0 - absent
1 - mild
2 - moderate
3 - severe

Inflammatory infiltrate 0 - absent
1 - mild
2 - moderate
3 - severe

Number of layers infiltrated 0 - none
1 - one
2 - two 
3 - three or more

Mucosal edema 0 - absent
1 - present

Table 3.	G eneral welfare/clinical signs score sheet

General welfare/Clinical signs Score

Normal posture and activity 0
Reduced grooming and activity. Dehydration < 5%a) 1
Reduced grooming. Hypokinesia. CDR. Dehydration 5–8%b) 2
Piloerection. Hypokinesia. Kyphosis. CDR. Dehydration > 8%c) 3d)

Inactive. Kyphosis. Non-responsive 4e)

a) Dehydration <5%: normal skin tent, membrane mucous and eyes; b) Dehydra-
tion between 5–8%: moderate skin tent and dry membrane mucous; c) Dehydra-
tion >8%: severe skin tent, dry membrane mucous and sunken eyes; d) Call for 
veterinarian assistance, with eventual withdraw from study (human endpoints); 
e) Immediate euthanasia (anaesthetic overdose). CDR=chromodacryorrhoea.
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Categorization of the TNBS-induced model of 
colitis in Rattus norvegicus

From the 87 TNBS-induced Rattus norvegicus, 21 
(24%) were found to develop Mild colitis (MaS=[0–4[), 
50 (58%) developed Moderate colitis (MaS=[4–8[), and 
16 (18%) developed Severe colitis (MaS=[8–12]). The 
distribution of cases between categories of TNBS-in-
duced colitis was statistically different (P<0.0001), with 
most of the TNBS-induced animals developing moderate 
colitis.

Macroscopic evaluation of TNBS-induced Rattus 
norvegicus

As can be seen in Fig. 3A, the total MaS calculated 
for TNBS-induced rats was higher than that of controls, 
which also scored 0, and increased progressively with 
colitis severity (Mild colitis < Moderate colitis < Severe 

colitis). This was also observed when we analysed partial 
MaS, for MC and DC (Fig. 3B). Moreover, the partial 
MaS of the DC was higher than that of the correspondent 
MC in TNBS-induced rats independently of colitis sever-
ity (Fig. 3B).

Microscopic Evaluation of TNBS-induced rats
Microscopic evaluation distinguished control rats 

(Fig. 4Aa) and TNBS-induced Rattus norvegicus with 
Mild colitis (Fig. 4Ab), Moderate colitis (Fig. 4Ac) or 
Severe colitis (Fig. 4Ad). Colonic microscopic damage 
in TNBS-induced Rattus norvegicus with Mild colitis 
was characterized by mucosal thickening with prolif-
eration of glandular units and Goblet cells hyperplasia, 
along with discrete diffuse inflammatory infiltrate 
(mononuclear cells, neutrophils and eosinophils, as pre-
viously observed [18]) confined to the mucosa. Multifo-

Table 4.	 Grimace Scale (Adapted from [16])

Not present Moderately 
present

Obviously 
present

Orbital tightening 0 1 2
• Closing of the eyelid (narrowing of orbital area)
• A wrinkle may be visible around the eye

Nose/Cheek flattening 0 1 2
• Flattening and elongation of the bridge of the nose
• Flattening of the cheeks

Ear changes 0 1 2
• Ears curl inwards and angled forward 
• Space between the ears increases

Whisker change 0 1 2
• Whiskers stiffen and angle along the face
• Whiskers may “clump” together
• Whiskers lose their natural “downward” curve

Fig. 2.	 (A) Representative photographs of intact cecum-colon and colonic mucosa of control (Aa and Ab, respec-
tively) and TNBS-induced rats (Ac and Ad, respectively), with the same scale. (B) Colon weight/length 
ratio (g/cm) of control and TNBS-induced rats. (C) Colonic perimeter (cm) of control and TNBS-induced 
rats. (D) Total Macroscopic Score (MaS; median[25–75% interval]) of colonic mucosa of control and 
TNBS-induced rats. (E) MaS of Middle Colon (MC) and Distal Colon (DC) of TNBS-treated rats (medi-
an[25–75% interval]). TNBS-induced animals, n=87; Control animals, n=28. *P<0.05, #P<0.0001.
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cal lymphoid aggregates were occasionally observed in 
the lamina propria (Fig. 4Ab). Differently, colonic 
samples from TNBS-induced Rattus norvegicus with 
Moderate colitis showed multifocal erosive/ulcerative 
lesions, moderate to extensive inflammatory infiltrate, 
spreading from the mucosa to the submucosa, but spear-
ing the muscular layers. Areas of mucosal fibrosis and 
signs of re-epithelization were also observed (Fig. 4Ac). 
Finally, TNBS-induced animals that evolved with Severe 
colitis had colonic microscopic lesions characterized by 

marked distortion of the architectural arrangements, with 
extensive and deep ulceration reaching the muscular 
layers and, sometimes, the serosa. A massive inflamma-
tory infiltrate was observed involving all the layers of 
the colonic wall (Fig. 4Ad). As evidenced in Fig. 4B, the 
median rank of MiS progressively increased with colitis 
severity: Mild colitis < Moderate colitis < Severe colitis 
and was significantly higher in TNBS-induced Rattus 
norvegicus with Severe colitis than in TNBS-induced 
Rattus norvegicus with Mild colitis. There was a sig-

Fig. 3.	 (A) Total Macroscopic Score (MaStotal) of TNBS-induced rats with Mild colitis, Moderate colitis and Severe 
colitis. (B) Partial Macroscopic Score (MaSpartial) of the Middle Colon (MC) and Distal Colon (DC) of 
TNBS-induced rats with Mild colitis, Moderate colitis and Severe colitis. TNBS-induced animals, n=87; 
Control animals, n=28. Results are median[25–75% interval]; *P<0.0001 vs controls.

Fig. 4.	 (A) Representative photographs of H&E-stained distal colon cross-sections from Control rats (Aa) and of 
TNBS-induced rats with (Ab) Mild colitis, (Ac) Moderate colitis and (Ad) Severe colitis; scale bars, 500 
µm. (B) Microscopic score (MiS) of TNBS-induced rats with Mild, Moderate and Severe colitis. Results 
are median[25–75% interval]. (C) Correlation between MaS and MiS of each TNBS-induced animal; TNBS-
induced animals, n=87; Control animals, n=28. *P<0.05 vs Mild colitis group.
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nificant positive correlation (r=0.7057, P<0.0001; Fig. 
4C) between the MaS and the MiS of each TNBS-in-
duced animal.

Monitoring of physiological parameters of TNBS-
induced rats

The body weight of all TNBS-induced Rattus nor-
vegicus decreased in the first three days of the protocol 
and continued to be lower than that of controls until the 
end of the protocol (Fig. 5A). Then, TNBS-induced Rat-
tus norvegicus with Mild colitis started to recover their 
body weight by day4 and, by the end of the protocol, 
their weight was already higher than their initial body 
weight (Fig. 5A). Differently, TNBS-induced Rattus 
norvegicus with Moderate colitis and Severe colitis lost 
7.1% and 7.0% (respectively) of their initial body weight 
along the protocol (Fig. 5A). The area under the curve 
(AUC) for the body weight was different among the four 
experimental groups, the ranking order being: Control 

> Mild colitis > Severe colitis > Moderate colitis (750.5 
± 0.10; 690.0 ± 0.10; 653.5 ± 0.06 and 663.5 ± 0.06%.
day respectively, P<0.0001).

Overall food intake (evaluated by the AUC) was also 
different between the experimental groups, the ranking 
order being Control > Mild colitis > Moderate 
colitis>Severe colitis (Fig. 5B) (131.6 ± 5.17; 90.38 ± 
13.10; 41.13 ± 9.04; 23.00 ± 5.94 g.day, respectively, 
P<0.0001). Moreover, the time-course profile was dis-
tinct for every experimental group. Control animals 
maintained a quite constant food intake along the proto-
col (average 22 g/day). All TNBS-induced Rattus nor-
vegicus already showed a progressively lower food in-
take than controls in the first two days after induction 
(Fig. 5B). After that, TNBS-induced Rattus norvegicus 
with Mild colitis started to regain food intake that nor-
malized by day6 (Fig. 5B). The decrease in food intake 
was more marked in TNBS-induced animals with Mod-
erate and Severe colitis, which also showed a very low 

Fig. 5.	 Time course of physiological parameters during the experimental period. (A) Body weight change from day 
0 (%), (B) food intake (g), (C) fluid intake (ml) and (D) number of fecal pellets, of control rats and of 
TNBS-induced rats with Mild colitis, Moderate colitis and Severe colitis. TNBS-induced animals, n=87; 
Control animals, n=28. *P<0.05 all groups are different between them for the same day; #P<0.05 all groups 
are different except TNBS-induced rats with Moderate vs TNBS-induced rats with Severe colitis, for the 
same day; &P<0.05 all groups are different except controls vs TNBS-induced rats with Mild colitis, for the 
same day; βP<0.05 Control rats vs TNBS-induced rats with Severe colitis, for the same day; δP<0.05 Con-
trol rats vs all other groups, for the same day; εP<0.05 TNBS-induced rats with Mild colitis vs TNBS-induced 
rats with Moderate colitis, for the same day; ơP<0.05 vs control group, for the same day; $P<0.05 vs TNBS-
induced rats with Severe colitis, for the same day.
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food intake on day3. These two experimental groups 
showed a slight increase in food intake by day4 that was 
then kept low in the Severe colitis group until the end of 
the protocol. Differently, TNBS-induced Rattus nor-
vegicus with Moderate colitis continued to recover food 
intake until the end of the protocol (Fig. 5B).

Considering fluid intake, the AUC in TNBS-induced 
Rattus norvegicus that developed Mild or Moderate coli-
tis was similar to that of controls and this was lower than 
that of TNBS-induced Rattus norvegicus that developed 
Severe colitis (Control = 193.9 ± 26.28 ml.day; Mild 
colitis = 304.2 ± 41.39 ml.day; Moderate colitis = 317.4 
± 33.25 ml.day; Severe colitis = 389.7 ± 67.21 ml.day; 
P=0.0207 for Control vs Severe colitis; P>0.05 for 
other comparisons). TNBS-induced Rattus norvegicus 
with Severe colitis drank more than controls from day3 
to the end of the protocol as did TNBS-induced Rattus 
norvegicus with Mild or Moderate colitis from day4 
onwards (Fig. 5C). The fluid intake of the Severe colitis 
group was the highest although it was not statistically 
different from that of the Moderate colitis group (Fig. 
5C). Fluid intake in the Mild colitis group was similar 
to that of Moderate and Severe groups until day5, but 
then it decreased although it did not normalize until the 
end of the protocol (Fig. 5C).

Last, we quantified the excretion of fecal pellets and 
noticed a very characteristic time-course profile for each 
experimental group. Controls kept a relatively stable 
fecal excretion (average 42 pellets/day). In the first days 
after TNBS induction, the excretion of fecal pellets was 
markedly lower in all TNBS-induced Rattus norvegicus 
than in controls, particularly in the Moderate and Severe 
colitis groups (Fig. 5D). TNBS-induced animals with 
Severe colitis maintained a low fecal excretion along the 
entire protocol (always lower than that of controls and 
of the Mild colitis group), with a slight improvement by 
day7 (Fig. 5D). TNBS-induced Rattus norvegicus with 

Mild colitis started to recover fecal excretion on day3 
and normalized it from day4 onwards (Fig. 5D) while 
TNBS-induced Rattus norvegicus with Moderate colitis 
started to recover fecal excretion by day4 (differentiating 
themselves from the Severe colitis group) and normal-
ized it at the end of the protocol (day7) (Fig. 5D). The 
AUC analysis revealed that TNBS-induced Rattus nor-
vegicus excreted less fecal pellets than controls in a 
colitis severity-dependent ranking: Control ≅ Mild coli-
tis ≥ Moderate colitis ≥ Severe colitis (247.9 ± 22.70; 
180.3 ± 31.77; 83.14 ± 30.58; 16.33 ± 12.17 pellets.day, 
respectively, P<0.0001) (Fig. 5D). Also pertinent, even 
though the stools of TNBS-induced Rattus norvegicus 
were mushier and more elongated than those of controls, 
diarrhea was rarely present.

There was a significant inverse correlation between 
MaS and the average food intake (g/day; r=−0.2956, 
P=0.0054; Fig. 6A) as well as between MaS and the 
average excretion of fecal pellets (number/day; 
r=−0.7015, P<0.0001; Fig. 6A). Moreover, there was 
also a significant inverse correlation between MiS and 
the average food intake (g/day; r=−0,7769, P=0.0005; 
Fig. 6B) as well as between MiS and the average excre-
tion of fecal pellets (number/day; r=−0.7466, P=0.0010; 
Fig. 6B). Based on these linear regressions, TNBS-in-
duced Rattus norvegicus with Mild colitis should, on an 
average daily basis, eat more than 11 g/day and excrete 
more than 22 pellets/day; those with Moderate colitis 
would eat 9–11 g/day and excrete 9–22 pellets/day; and 
those with Severe colitis should eat less than 7 g/day and 
excrete less than 1 pellet/day.

Monitoring of clinical signs of welfare of TNBS-
induced Rattus norvegicus

TNBS-induced animals exhibited clinical signs and 
facial expressions of discomfort like orbital tightening, 
nose/cheek flattening, piloerection, chromodacryorrhoea, 

Fig. 6.	 Correlation between food intake and fecal pellets with MaS (A) and MiS (B). Black circles represent cor-
relation between Food intake and MaS/MiS; White circles represent correlation between Fecal pellets and 
MaS/MiS.
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reduced grooming, dehydration or hypokinesia, which 
were never perceived in control Rattus norvegicus. Fa-
cial expression of discomfort (Fig. 7A) and general 
welfare/clinical signs (Fig. 7B) of TNBS-induced Rattus 
norvegicus with Mild colitis started to fade 5 days after 
colitis induction, while those of Rattus norvegicus from 
the Moderate and Severe colitis groups persisted. Con-
trols always scored 0 points. This was also reflected by 
a higher AUC for all categories of TNBS-induced ani-
mals when compared with controls (scored 0) for both 
the Grimace scale (Mild colitis = 5.950 ± 0.834 points.
day, Moderate colitis = 7.750 ± 0.7202 points.day, Severe 
colitis = 8.050 ± 0.5559 points.day; P<0.0001), and the 
general clinical signs score (Mild colitis = 7.60 ± 0.8941 
points.day, Moderate colitis = 9.850 ± 0.9258 points.day, 
Severe colitis = 10.250 ± 0.7720 points.day; P<0.0001).

Discussion

This study is the first to propose three colitis categories 
to distinguish TNBS-induced Rattus norvegicus, based 
on a standardized macroscopic score that can be easily 
determined by any trained researcher, immediately after 
the animals’ euthanasia. This MaS-based categorization 
can help to improve reproducibility of data resulting 
from experimental colitis studies, inverting the tendency 
of failure during human clinical trials of molecules that 
were effective in animal preclinical testing (9 out of 10) 
[2]. Other studies on experimental IBD only use a disease 
activity index or other cumulative scores to determine 
the degree of the macroscopic damage [10] and to com-
pare it between controls and TNBS-induced animals 

eventually treated with some innovative substances [11, 
19]. These 3 categories were inspired by the colitis “dis-
ease status” activity categorization in human IBD (Mild 
colitis, Moderate colitis and Severe colitis) [20], crucial 
to choose the best therapeutic option for a particular 
patient [20]. To promote translational research, we based 
our categorization on a MaS that included some criteria 
also comprised in the Mayo score (the most frequently 
used macroscopic index in clinical trials), such as mu-
cosal edema/hyperemia or the presence and extension of 
mucosal ulcers [15]. Further, we added parameters not 
feasible in the clinical setting but easy to assess in ex-
perimental models, like adhesions and colon thickness.

Also to promote translation, we performed a blind 
microscopic evaluation guided by similar criteria to 
those used in IBD patient biopsies (magnitude of the 
inflammatory infiltrate, affected layers, epithelial damage 
and the presence of ulcers) [21–23]. Histologic evalua-
tion is one of the most cited technique to assess inflam-
matory damage in IBD models (present in 62.5% of 
articles on TNBS-induced colitis) [12, 13] but it is un-
common to categorize it. Interestingly, our MaS strong-
ly correlated with MiS, despite the different anatomical 
localization of the samples sent to histological analysis 
(segment between the MC and DC) and those where the 
macroscopic evaluation was performed (the rest of the 
colon), that included less damaged areas than those sent 
for microscopic evaluation.

Our results also show that the mucosa of the DC was 
significantly more damaged by TNBS than that of the 
MC in the three categories of colitis severity, which is 
consistent with the distal-to-proximal inflammatory pro-

Fig. 7.	 Welfare assessment of control and TNBS-induced rats. (A) Real-time Rat Grimace Scale by cage-side as-
sessment and (B) General welfare/clinical signs scoring. Control group presented a score of zero, while rats 
with Mild colitis, Moderate colitis and Severe colitis presented a positive score. TNBS-induced animals, 
n=87; Control animals, n=28. δP<0.05 Control rats vs all other groups, for the same day; #P<0.05 all groups 
are different except TNBS-induced rats with Moderate vs TNBS-induced rats with Severe colitis, for the 
same day.
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file that is observed in human colitis, emphasising the 
translational relevance of this experimental model [20]. 
Additionally, this mucosal damage difference highlights 
the importance of clearly identifying the Rattus nor-
vegicus colon sections used in each experimental proto-
col, in order to improve reproducibility.

We also aimed to identify basic routine parameters 
that could anticipate which colitis category each TNBS-
induced Rattus norvegicus would fall into. Daily moni-
toring showed that the time-course of all the parameters 
(body weight, food and water intake, fecal pellets excre-
tion, clinical signs and welfare) could differentiate con-
trol from TNBS-induced Rattus norvegicus. However, 
we uncovered that only the time-course of food intake 
and fecal excretion could distinguish between the three 
categories of TNBS-induced colitis. Even though our 
follow-up last only 7 days, which might be considered 
a small period to evaluate a chronic condition, it was 
sufficient to distinguish the time-course profile of the 
defined categories of colitis.

In control animals, food intake and fecal excretion 
were constant throughout the protocol. However, in 
TNBS-induced Rattus norvegicus, both parameters 
markedly decreased in the first 48h after induction, but 
then evolved differently between the three categories of 
colitis. Taken together the results obtained, we conclude 
that TNBS-induced Rattus norvegicus that start to re-
cover food intake and fecal excretion by day 3 will prob-
ably evolve to Mild colitis, particularly if both param-
eters regain pre-induction levels by day 5. Differently, 
if TNBS-induced Rattus norvegicus start to recover only 
by day 4, the outcome will most probably be a Moderate 
colitis, with pre-induction levels of fecal excretion being 
attained by day 7. With a very different profile, TNBS-
induced Rattus norvegicus that keep a very low food 
intake and fecal excretion (particularly until day5) will 
most probably develop the Severe colitis phenotype. Our 
data is not comparable to most studies since those usu-
ally do not evaluate physiological parameters daily, but 
every two days [24] or only at the beginning and at the 
end of the protocol [19]. Regarding fecal excretion, we 
quantified the number of fecal pellets while published 
data usually refers to stool consistency (varying between 
0=normal to 4=diarrhea) and rectal bleeding (and/or fe-
cal occult blood), merged in the quantification of DAI, 
an old but popular score to assess colitis [25–27]. Also, 
data on food intake is seldom reported in the literature 
[28]. Based on the inverse correlations found between 
average food intake or average fecal excretion and Mas 
or MiS, we could define cut off values for average food 
intake and average fecal excretion. However, we think 
that these cut offs should be interpreted with care, since 

the parameters that distinguished the colitis category 
were the time-course of food intake and fecal excretion 
and not the average daily values, which assume a regu-
lar intake/excretion of the animals. As so, we think it is 
crucial that researchers daily monitor TNBS-induced 
Rattus norvegicus to access their welfare, apply human 
endpoints (if needed) and anticipate their colitis catego-
ry.

The time course of body weight and behaviour scores 
could only differentiate TNBS-induced Rattus norvegi-
cus evolving to Mild colitis from those that would remain 
in the Moderate/Severe colitis categories. Also, TNBS-
induced Rattus norvegicus that developed Mild colitis 
were the only TNBS-induced Rattus norvegicus that 
recovered their initial weight (by day 6). Body weight 
was not reported in 43.75% of the papers on TNBS-in-
duced colitis [1]. As much, most publications report that 
while control animals gain weight along the protocols, 
TNBS-induced Rattus norvegicus lose weight particu-
larly in the first 48h after induction and, then recover, 
though always maintaining a lower body weight than 
controls [11]. Furthermore, TNBS-induced Rattus nor-
vegicus that developed Mild colitis were also the only 
ones that showed an improvement in both clinical signs 
and welfare scores, by day 5. Daily monitoring of gen-
eral welfare/clinical signs and facial expression of pain/
discomfort by real-time Rattus norvegicus Grimace scale 
was important to ensure humane endpoints. Our results 
are in agreement with others that highlight the relevance 
of the Rattus norvegicus Grimace scale [29,30], but as-
sume limitations regarding the discrimination of subtle 
facial differences [31].

Water intake is also rarely reported [28] and data is 
controversial [25]. In our study, fluid intake was higher 
in TNBS-induced Rattus norvegicus independently of 
colitis category, from day4 onwards. We assume that the 
reported difference was a reflex of thirst, probably to 
avoid dehydration that follows fecal impaction and po-
tential toxic megacolon [32]. Overall, to our knowledge, 
this is the first time that the time course of all these pa-
rameters was analysed in 3 different categories of TNBS-
induced Rattus norvegicus, and so, it is not possible to 
compare our data with other observations.

In conclusion, our study can boost the quality of Rat-
tus norvegicus TNBS-induced colitis-based research. 
First, it is possible to categorize Rattus norvegicus 
TNBS-induced colitis in three different categories: Mild, 
Moderate and Severe colitis, according to the MaS pre-
sented. This came up as a reliable tool since it corre-
lated well with more laborious/skilled MiS, having the 
advantage of being easily incorporated in daily routine. 
This categorization resembles that used in human IBD, 
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supporting data for translational research. Second, the 
time course of food intake and excretion of fecal pellets 
seem to anticipate colitis categorization ante mortem, 
allowing researchers to foresee the degree of colitis that 
better suits their investigation, reducing experimental 
variability, anticipating the feasibility of experimental 
protocols, and supporting the application of humane 
endpoints precociously. Finally, but not less important, 
our study increases awareness to the importance of dis-
cussing results gathered in comparable conditions, which 
should include the experimental colitis category of 
TNBS-induced Rattus norvegicus, in order to improve 
this animal model reproducibility.
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