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ABSTRACT

Background: One of the animal models of colitis is induced by acetic acid, which mimics some
features of ulcerative colitis disease. In order to increase the similarity of this model to human IBD
and determine the suitable duration of acid contact to the colon and the day of induction of col-
itis were investigated in this study.

Methods: Fifty rats were randomly separated into five groups (n=10) with different durations
(30s, 5, 10, and 20 min) of exposure of the colon to 4% acetic acid and colitis was investigated for
0-9days. The extent of the mucosal ulcers, colon tissue thickening, and mucosal bleeding were
scored by the Gerald classification system score. Slides of tissues were prepared for pathologic
assay using the modified Wallace method.

Results: In all groups, inflammation was severe three days after the colitis induction, but no
inflammation was observed in the 30s group after five days. Acid contact with the colon surface
did not result in fibrosis for the 30s and the colon fibrosis was mild in 5min group and severe in
10 and 20 min groups. The tissue damage was higher in groups of 20, 10, 5min, and 30, respect-
ively. Over time, the recovery rates in the 30s and 5min groups were higher than other groups.
Conclusion: Our results showed that the evaluation of the disease process from 3 days to nine
days after a 10min contact of acid to the colon is a suitable model that mimics the histological
features of the disease.
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Introduction and edema that variably extended into the lamina propria,
submucosa, or external muscle layers, depending of the con-
centrations and length of exposure of acetic acid. Transient
localized ischemia may lead to acute injury, but neutrophils
are not apparently involved in very early stages [9]. Mucosal
inflammation is due to the initial injury and is associated
with the activation of NF-«B and other inflammatory medi-

ators [9]. Molecular changes in rodents include the release

Inflammatory bowel disease (IBD) is a chronic inflammatory
bowel disease that affects the gastrointestinal mucosa [1].
Although IBD etiology has not been fully understood, it is
affected by many genetic, infectious, immunological, and
environmental factors [2, 3]. IBD consist of two major dis-
eases, namely, Crohn’s disease (CD) and ulcerative colitis
(UC) [4]. UC is a condition where inflammatory response

and morphological changes are limited to the large intestine
and may include rectum [5]. Various chemicals, genetic, and
bacterial models have been proposed in order to evaluate
the effects of various chemical compounds on the improve-
ment and prevention of colitis. Chemical methods include
the use of Dextran Sulfate Sodium (DSS), 2, 4, 6-
Trinitrobenzene  Sulfonic Acid (TNBS), Oxazolone,
Indomethacin, Cartagena Iodoacetamide, and Acetic Acid
[6]. Injection of diluted acetic acid into the rectum is an
alternative method for inducing mucosal epithelium damage,
which mimics some features of UC [7]. In this model, the
damage is related to epithelial necrosis and edema that
penetrate the intestinal mucosal layer due to the concentra-
tion and duration of exposure to acetic acid [8]. The initial
injury in this model was a relatively bland epithelial necrosis

of protons from acidic protein forms into the intracellular
space, leading to its acidification and epithelial neuropathy
[10]. Common clinical symptoms of this model include
body weight loss, diarrhea, the presence of blood in the
stool, the increase of the colon weight, thickening of the
intestinal wall, reduced mucus production, ulcers, and
inflammation [11]. The advantages of this method are lower
cost and ease of disease induction [12]. Fabia (1992) exam-
ined different doses of 4, 6, and 8% acetic acid at 10-
30 seconds, and suggested that the use of 4% acid in contact
with the colon within 15seconds could be similar to the
ulcerative colitis disease. Using higher concentrations of
acetic acid causes frequent perforations [13].Many studies
have used concentrations of 3-10% and exposure times of
15-30 seconds in an acetic acid volume of 1-2ml [14-17].
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Table 1. Exterior scoring criteria tissue damage in patients with colitis
(Gerald method).

Criteria of scoring of IBD morphological

damage (Gerald method) Score

No damage 0

localized hyperemia, but no ulcers 1

Linear ulcers with no significant 2
inflammation

Linear ulcers with inflammation at one site 3

Two or more sites of ulceration and / or 4
inflammation

Two or more major sites of inflammation 5

and ulceration or one major site of
Inflammation and ulceration extending >
1cm along the length of the colon

To investigate effects of different drugs and compounds
on the induced colitis with acetic acid, it is first necessary to
confirm the disease induction, determine the suitable dur-
ation of acid contact to the colon and the day of induction
of colitis and the duration the body is involving with
the disease.

In our survey about different effects of compounds on
the common animal model of induced colitis by acetic acid
in rats, it was observed that many induced rats healed with-
out any treatment over time. Furthermore, the incidence
rate of inflammation, fibrosis, and the depth of injury were
very low according to our macroscopic histology studies of
some induced rats.

As a result, this model was evaluated here with different
doses of acid, different durations of colon exposure to the
acid, and confirmation of induction on different days from
the time of acid administration. The aim of the present
study was to improve the induced colitis model by acetic
acid in rats.

Materials and methods
Animals

In this study, 50 healthy adult Wistar female rats (aged 8-
9 weeks) weighing 170+ 15g were kept in the animal house
of the Faculty of Pharmacy, xxx University of Medical
Sciences. The animals were maintained in a room under
standard conditions of temperature (22+2°C), humidity
(50% + 20%), and 12h day/night cycles. Before the experi-
ment, the rats were adapted to the environment and labora-
tory conditions within two weeks. The rats were kept in
clean Plexiglas cages with wood-shaving bedding
(42 x 27 x 15cm) with a maximum of three animals per
cage. Standard laboratory pelleted formula and tap water
were provided ad libitum. The whole processes of working
with experimental animals were approved by the Ethics
Committee of xxx University of MedicalSciences.

Experimental design

Fifty healthy rats were randomly divided into five groups
(n=10). Before the induction of colitis, the rats were fasted
for 24h and then anesthetized with ketamine (10% body
weight, Alfasan-Holland). For induction of colitis, one ml of

4% acetic acid (Sigma-Aldrich, United States of America)
was injected intra-rectum with a penetration depth of 8cm
into the anus [13]. In the control group, 1ml of normal
saline was injected intra-rectum. The duration of acid con-
tact to the colon was accurately recorded by a stopwatch
and during this time, the acid evacuation was prevented by
closing the anus with fingers. After completion of the
desired duration, the acid was allowed to leave completely.
After acid induction of colitis, the colon was sampled ran-
domly in all groups in order to determine the time of colitis
induction in different days (1, 2 and 3), and to determine
the duration of colon involvement with colitis symptoms
until day 9. The experimental groups received 1ml acetic
acid 4% treatments during 30s, 5, 10, and 20 min contact
with the colon surface, with a control group administered
by 1ml of normal saline for 20min contact with the
colon surface.

Bodyweight changes

Body weights of the rats were measured and recorded from
day 1 to the end of the study using a weighing scale (Ek-
4152 Camry). The water and food consumption levels of
rats were also recorded during day 1 to the end of
the study.

Macroscopic observations

On the days set for different groups, the rats were anesthe-
tized with ether and exsanguinated for autopsy, which was
limited to removal of 7cm from their colon tissue. The
extents of the ulcer, colonic tissue density, tissue hyperemia,
damage, and inflammation were studied and scored by the
Gerald Classification System Score (Table 1) [18].

Microscopic observations

After being prepared in a pathology laboratory, the colon
tissue was placed in 10% buffered formalin and sections
with a thickness of five micrometers were prepared and
stained by Hematoxylin- Eosin for histological study.
Prepared slides were evaluated by an expert histologist, with-
out normal groups and acid-treated groups’ knowledge,
using a Modified Wallace method (Table 2) [19].

Masson trichrome staining was conducted as following:
After deparaffinized and rehydrated, the sections were
stained in hematoxylin solution for 8 min. Then, ponceau
acid fuchsine solution for 5min after rinsed in running tap
water for 8 min. After differentiated in phosphomolybdic--
phosphotungstic acid for 5min, sections were transferred
into aniline blue solution for 5min. Then sections were dif-
ferentiated in 0.2% acetic acid for 2min and followed by
dehydration, clearing, and mounting. Photos of sections
were taken by light microscope [20].



Table 2. The Pathological evaluation using the modified Wallace method.
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Inflamation Depth of Lesion Fibrosis
Non Mild Medium Severe Non Laminaprooria Submucose Muscular Serosa Non Mid Severe
- + ++ +++ - + ++ +++ ++++ - + ++

Stool examination

The stool consistency was examined by observation in dif-
ferent groups. The presence of blood in the stool was also
examined using a diagnostic kit (Hema Tape, PatanTeb
diagnostics, Iran). After placing stool samples on the diag-
nostic kit and use of solutions, the emergence of blue color
indicated the presence of blood in the stool.

Statistical analysis

Statistical analyses were carried out by SPSS 16 software
(SPSS/PC-16.SPSS  Inc., Chicago, IL, USA). Data are
expressed as mean +standard error of means (SEM). The
treated groups were compared with the control by one-way
analysis of variance (ANOVA) followed by Duncan’s post-
hoc test at a statistical significance of p < 0.05. Graphical
display of data was performed using the Graph Pad Prism 8
software (v8.2.1, Graph Pad Software, Inc.,, La Jolla,
CA, USA).

Results
Weight changes

During the experiment, one death occurred in the 10min
group on day 9 and two rats died in the 20-min group on
days 7 and 10. Two rats were randomly selected from each
group on different days of the experiment and colon tissue
was removed to confirm the day of colitis induction. At the
end of the experiment, six rats were equally used for macro-
scopic and microscopic observations in all groups (n=26).
Weight loss was observed after induction of colitis in all
groups, except the control group. On the first day, no sig-
nificant changes were observed between all the groups
(p>0.05). The control group was not different significantly
from the 30s group after 3 and 5days of colitis induction
(p <0.05), but it showed significant differences with groups
of 5, 10, and 20 min (p < 0.05). The 20-min group showed a
significant difference with the control group after 7 and
9 days of colitis induction (p < 0.05) (Figure 1).

Colon tissue inflammation, damage and fibrosis

Based on the Gerald’s method (Table 1), macroscopic stud-
ies revealed the highest scores of inflammation and ulcers in
groups of 20, 10, and 5min and 30s (4.958, 4.916, 4.125,
and 3.916), respectively, 3days of colitis induction
(p<0.001). Furthermore, the recoverywere differences
between the groups after 9days of induced disease. The
highest improvement was observed in the 30s and 5min
groups, and the least improvement occurred in the 20 min

group (group 20 min: 4.583, group 10 min: 4.25, group 5 min
3.583, group 30s: 0.916) (p < 0.001) (Figures 2 and 3).

To investigate the tissue fibrosis in chronic acetic acid
-induced colitis, we observed colonic sections stained with
Masson’s trichrome method. Based on modified Wallace
method, inflammation, depths of lesion and fibrosis were
evaluated microscopically in different groups within 72h,
and 7 and 9 days after colitis induction (Figures 4 and 5 and
Table 3).

In the 30s group, severe inflammation, depths of a lesion
in serosa layer, and lack of fibrous were observed after
3 days of colitis induction; Mild inflammation, depths of a
lesion in the submucosal layer, and lack of fibrosis occurred
after 7days, and no inflammation, no lesion, and lack of
tibrosis were detected after 9 days.

In the 5-min group, severe inflammation, depth of a
lesion in serosa, and mid fibrosis were observed after 3 days
of colitis induction and this condition continued until the
7t day, but severe inflammation, depth of a lesion in the
serosa layer, and lack of fibrosis were observed on the
9" day.

In the 10-min group, a severe inflammation, depths of a
lesion in serous layer, and mild fibrosis were observed after
72h of colitis induction and this trend continued for 9 days.

In the 20min group, severe inflammation, depths of a
lesion in the serosa layer, and severe fibrosis were observed
within 72h to the 9" day of colitis induction (Figures 4 and
5 and Table 3).

Blood in the stool

The stool examination by a diagnostic kit in the early days
confirmed the existence of blood in the stool for all groups
except for the normal group, but blood in the stool was
ol;served only in the groups of 10 and 20min on the
9" day.

Discussion

In all the experimental groups on the 9™ day, the inflamma-
tion was observed severe, except in the 30s group and fibro-
sis just observed in 10min (mid) and 20 min (severe). Over
time, the recovery rate was higher in the 30s and 5min
groups. In the 20min group, mortality rates were higher
than the other groups.

A lot of information about the various mechanisms
involved in colitis has been obtained from animal models
and new drugs have been discovered for the treatment of
this disease [9]. One ofthe common animal model of colitis
induction includes intra-rectum injection of 4% acetic acid,
exposure durations of 30-15s, and investigating the effects
of chemical compounds after 24h of induction with
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Figure 1. The results of evaluating body weight changes (g) in different groups. Mean + SEM., *Significantly different compared with control (p < 0.05) (n =6).
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Figure 2. Scoring tissue damage based on Gerald Method, 72hours and 9days after induction of Colitis. *Significantly different compared with control
(p < 0.001), (n=6).

Figure 3. Rat colonic mucosa (macroscopic): A: Normal rat. B, C, D, E (exposure duration of acetic acid with the colon: 30 seconds, 51,020 minutes respectively and
confirmation of induction of colitis, 3 days after administration of acid. F, G, H, | (exposure duration of acetic acid with the colon: 30 seconds, 51,020 minutes respect-
ively and the length of induced colitis recovery 9 days after administration of acid)(n = 6).
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Figure 4. Photomicrographs of the rat colon stained with H&E stain (x 200). A: photomicrographs of normal rat colon (1; Mucosa, 2: Submucosa, 3: Muscularis). B-E:
exposure duration of acetic acid with the colon 30seconds, 5, 10 and 20 minutes respectively and confirmation of induction of colitis 3 days after administration of
acid. F-I : exposure duration of acetic acid with the colon 30 seconds, 51,020 minutes respectively and the length of induced colitis recovery 9 days after administra-

tion of acid.
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Figure 4. Continued.

different treatment periods [14-17]. Besides, the duration of
acid contact to the colon, the day of disease induction, and
the period of body involve with the disease should be deter-
mined in this model. The aim of our study was to modify
the colitis induction by acetic acid in rat.

Multiple factors are considered important for the diagno-
sis of colitis in patients, including the presence of blood in
the stool, frequent bloody diarrhea, and weight loss [21].
During the experiment, the highest amount of consumed
water and food was observed in the 30s group, which indi-
cates a faster recovery process of the digestive system and a
higher absorption performance in this group than the other
groups. The results showed a significant reduction in weight,
especially in thel0 min group, until the 7" day, and in the
20-min group until the end of the experiment. During the
early days of colitis induction, the presence of blood in the
stool was observed in all groups, but it was confirmed only

in groups of 10 and 20 min until the 9™ day. In ulcerative
colitis, edema, fat accumulation, and muscle layer hyper-
trophy may create a thick wall in the large intestine [6, 22]
The researches demonstrated that in colitis the severity of
inflammation shows the infiltration of inflammatory cells,
including neutrophils, and the extent of inflammation indi-
cates the involvement of different sections of layers includ-
ing the mucosa, the submucosa, and the entire width of the
colon wall [2]. The mechanism through which acetic acid
seems to begin the process of inflammation involves the
entrance of the protonated form of acid into the epithelium
where it breaks down and the resultant proton causes epi-
thelial damage by acidifying the cellular environment [23].
Degrading the mucosa by acetic acid, the production of a
series of leukotrienes, prostaglandins, and thromboxanes
increases in UC [23]. The physiological roles of these mate-
rials in the intestine include the control of the movements,
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Figure 5. Photomicrographs of the rat colon stained Masson’s Trichrome Stain (x 200). The exposure duration of acetic acid with the colon 30s (A), 5min (B),
10 min (C) and 20 min (D) in 9 days after administration of acid. The collagen deposition, shown by blue color staining area.

increase of the intestinal secretions, and create a variety of
digestive diseases, including colitis [24].

Here, the extent of inflammation was examined through
macroscopic and microscopic studies. The inflammation was
observed in varying degrees until day 9 in all groups except
in the 30s group. As shown in Figure 4, B-E photomicro-
graphs confirm an increase in the infiltration of inflamma-
tory cells that is one of the important characteristics of UC
and plays a major role in active colitis [25, 26].
Photomicrograph F in Figure 4 shows a decrease in the infil-
tration of inflammatory cells in the 30s group on day 7.
According to G-I photomicrographs, however, the infiltra-
tion of inflammatory cells is observed in 5, 10, and 20-min
groups on day 9.

So far, the physiological pathways involved in the
improvement of intestinal ulceration have been specified to
some extent. During acute and chronic inflammation of the
intestine, macrophages and neutrophils cause local tissue
damage by secretion of reactive oxygen species and tissue
degrading enzymes [27]. One of the important intestinal tis-
sue damage mechanisms is oxidative stress through an

excessive production of reactive oxygen metabolites (ROM),
including superoxide anion, hydrogen peroxide, hypochlor-
ous acid and hydroxyl radical [28]. Colitis induced by acetic
acid is also known to produce excess reactive oxygen metab-
olites. The infiltrated and activated neutrophils represent an
important source of reactive oxygen and nitrogen species
[29]. The cross-linking proteins, lipids, and nucleic acids,
cause cellular dysfunction and damage [30].This event hap-
pens due to the release of pre-inflammatory cytokines, as
well as chemotaxis and cell activating peptides that have
previously been linked to the matrix. If tissue damage is
severe, myofibroblasts migrate to the site of injury. The
migratory function, the ability to contract the wound area,
and the production of an extracellular matrix (ECM) by
intestinal myofibroblast cells play important roles in the
physiological state that changes with chronic inflammation
[27]. A chronic or repeated inflammation is a necessary pre-
requisite for the onset of gut fibrosis [27].

Fabia et al indicated that using higher concentrations of
acetic acid causes frequent perforations and the 4% acid in
contact with the colon within 15seconds was similar to the
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Table 3. Results of pathological evaluation using the modified Wallace method in groups (n=6).

Inflamation Depth of Lesion Fibrosis

Non Mid Medium Severe Non Laminaprooria Submucose Muscular Serosa Non Mid Severe
72h
normal - - -
30s +++ 4+ -
5min +++ ++++ +
10min +++ 44+ +
20min +++ 4 ++
7Day
normal - - -
30s + ++ _
5min +++ ++++ +
10min +++ 4+ +
20min +++ ++++ ++
9day
normal - - -
30s - - -
5min +++ b+ -
10min +++ 44+ +
20min +++ -+ ++

human model [13]. In others studies have used 1-2 ml of 3-
10% acid and exposure times of 15-30seconds to colon
[14-17].In the present study, 30seconds of acetic acid con-
tact with the colon did not result in fibrosis. During 5min
of acid contact with the colon, mild fibrosis was observed
until the 7™ day. In the 10 min group, fibrosis was observed
until the 9™ day, and finally in the 20 min group, severe
fibrosis was observed until the 9" day due to the longer
contact time of the colon with acid.

Other important factors in the diagnosis of colitis are tis-
sue hyperemia, mucosal ulceration, and its extent.
Hyperemia and ulcers were observed in all the groups up to
3 days after the induction of colitis. In the 30s and 5min
groups, significant improvements were observed in hyper-
emia and ulceration until the 9™ day.

However, the recoveries of rates were very low in the
groups of 10 and 20 min. The different sections of the colon
wall are involved in UC that depend on the disease severity.
In the3"days, inner -layer involvement was observed in all
the groups.The damage to the inner layers continued until
the 9™ day in 5, 10 and 20 min groups but the 30s group,
just the outer layers were involved on the 7™ day and there
was no tissue damage on the 9™ day.

In the present study, the use of 4% acetic acid with 30s
and 5min of acid contact with the colon showed a recovery,
which is unsuitable for assessing the effects of different
chemicals according to our observations. Symptoms during
20 min of colon exposure to acid were severe and even fatal
in some rats. The colon exposure to acid during 10 min is
the appropriate time to induce colitis.

In other studies, treatment was started 24 h after the
induction of colitis [14-17]. In this study, 72 h after colitis
induction is suggested as the best time to start the treat-
ment because macroscopic and microscopic parameters
did not confirm the induction of colitis at the other times
examined here. Depending on the course of the induced
colitis on different days, the best course of treatment
is 9 days.

Strength and limitations

The strengths of this study include considering all the factors
involved in acid acetic-induced colitis to remove the effect of
other variables in animal models, confirming the disease and
the duration of induced colitis by acetic acid to investigate the
pharmacological effects, and determining exact and sufficient
time to induce colitis based on macroscopic and microscopic
observations. Although, there are some limitations in our study
that should be discussed. Firstly, Due to lack of funding, bio-
chemical factors were not measured. Secondly, despite that eth-
ical rules were followed at the whole process of working with
experimental animals, there was no measure of pain threshold
in the anesthetized rats after prolonged exposure to 4% dilutes
acid with their colonic levels.

Conclusion

The present study showed that the most similar animal
model of induced colitis by acetic acid is a 10-min model of
colonic exposure to 4% acetic acid (taking into account the
duration of colon exposure to acid, the exact time of colitis
induction, the duration to examine the pharmacological
effects, and failure in colitis induction by recovery).
Moreover, induced colitis was confirmed after 72h of acid
administration and the disease process was evaluated up to
day 9. To complement the results, it is suggested to evaluate
a time between 10 and 20 min of acid contact to the colon.
Evaluation of serum inflammatory factors is also recom-
mended to confirm the results.
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