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mesalamine in the treatment of animal model of acetic acid-
induced ulcerative colitis
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Abstract

Background Oxidative activity and inflammatory responses have been shown to play a pivotal
role in the pathogenesis of ulcerative colitis (UC). Colostrum is a natural product with anti-
inflammatory and antioxidative properties.

Methods UC was induced in 37 Sprague Dawley rats by administration of a 2 mL enema of 3%
aceticacid (AA). The control groups received no treatment during the study, while the experimental
groups received either oral or rectal administration of 100 mg/kg 5-aminosalicylic acid, or oral or
rectal administration of 300 mg/kg of colostrum. Histopathological and serological analyses were
performed 7 days following treatment.

Results A significant decrease in weight was seen in all rats except for the test groups receiving
colostrum (P<0.001). After treatment, the level of superoxide dismutase increased more significantly
in the test groups that received colostrum (P<0.05). All test groups had a reduction in C-reactive
protein and white blood cell levels. The colostrum test groups also showed a decrease in inflammation
rate, ulceration, destruction, disorganization, and crypt abscess of the colonic mucosa.

Conclusions The findings of this study show that the administration of colostrum can improve the
pathological changes of the intestinal mucosa, as well as inflammatory responses, in animal models
of UC. Further studies at both preclinical and clinical levels are suggested to confirm these findings.
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Ulcerative colitis (UC), as a subcategory of inflammatory
bowel disease (IBD), is a chronic inflammatory disease that
affects the colon, causing dysfunction of the mucosal barrier.
Although sometimes clinicians may overlook the precise and
full impact of UG, it significantly decreases patients’ quality of
life (QoL) and affects healthcare resource utilization [1]. The
underlying pathophysiology of this disease is probably related
to the inflammatory response of the immune system, as well as
oxidative chain reactions [1].

The conventional treatments of UC include administration
of corticosteroids (e.g., prednisolone), aminosalicylates (e.g.,
5-ASA/mesalamine, or sulfasalazine), immune-modulator
agents, antibiotics, and biological therapies, such as anti-tumor
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necrosis factor (TNF) drugs, which can be prescribed orally,
locally or as a combination of both, based on the patients
condition [1,2]. Although these drugs show some beneficial
effects, a definite treatment for UC that could address the
pathophysiology of disease is yet to be discovered [3]. Moreover,
many of these drugs have serious side-effects that may lead

www.annalsgastro.gr



to their discontinuation. Therefore, further investigation is
needed to find a proper treatment for UC in order to achieve
the optimal outcome for each patient.

Mesalamine, as one of the gold-standard treatments, has an
anti-inflammatory effect on the inflamed mucosa: inhibiting
cytokine synthesis, prostaglandin and leukotriene production,
and scavenging of free radicals; suppressing the immune
system; and also impairing the adhesion of white cells [4].
The side effects of this agent include mild diarrhea, headache,
nausea and abdominal pain, lung infections, inflammation of
the pancreas, and renal impairment [5]. Therefore, during the
past few years, researchers have been looking for and evaluating
natural products that have antioxidant and anti-inflammatory
properties.

Colostrum is the milk that comes from mammals in their
early days after giving birth, and is the strongest natural
substanceknown forboostingtheimmunesystem [6]. Moreover,
colostrum is rich in immunoglobulins (Igs), growth factors,
especially insulin-like growth factor-1 (IGF-1), antioxidants,
antimicrobial peptides such as lactoferrin, and other iron-
binding proteins, as well as antimicrobial agents, including
interferons, multi-nuclear leukocytes, macrophages, and
lymphocytes [7]. Some clinical studies have shown that
bovine colostrum possesses anti-inflammatory effects in
different IBDs [7,8]. Colostrum can inhibit inflammatory gene
expression, and decrease interleukin-8 (IL-8), intracellular
adhesion molecule-1 (ICAM-1) and TNF-o0 [9-11]. More
specifically, colostrum targets the nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) signaling pathway,
which is responsible for the activation of pro-inflammatory
genes in IBDs [12]. In addition, colostrum has several
biological factors that can increase the growth and viability
of intestinal mucosa, such as lactoferrin, which induces cell
proliferation and growth of the intestine [12]. We hypothesized
that colostrum could improve UC in rodent models, through
its anti-oxidative and anti-inflammatory properties. Therefore,
we conducted this study to determine the effects of this natural
agent on both macro and micro pathological changes of the
gastrointestinal tract, such as ulcer, inflammation, destruction,
disorganization and crypt absence, in an experimental model
of UG, to take a step towards introducing a safer and beneficial
medicine for the treatment of this inflammatory disease.

Materials and methods

Study design, animals, and preparations

Thirty-seven adult female Wistar rats weighing 130-250 g,
provided by the Animal Facility of the Shiraz University of
Medical Science, Shiraz, Iran, were used for this study. The
animals were housed in standard cages under stable conditions
(40-50% humidity, 25+3°C temperature, 12:12 h dark-light
cycle). They had free access to water and standard diet. The
sample size was adjusted based on previous studies, taking into
account the risk of drop-out [13,14]. The number of animals
required to obtain reliable results was calculated using power
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analysis, and according to previously published studies [13].
The threshold for a humane endpoint was a loss of more than
20% of body weight; no rats met this criterion. The animals’
body weight and health status were monitored daily. The
experimental protocol was approved by the Ethics Committee
of Shiraz University of Medical Sciences, Shiraz, Iran, and all
the criteria for taking care of laboratory animals outlined in
the “Guide for the Care and Use of Laboratory Animals” were
applied.

In order to induce IBD in rats, acetic acid (AA) was
administered to the rats rectally after a 24-h fasting
period [13]. Colitis was induced by injection of 2 cc of 3%
AA enema under light anesthesia, using a 2-mm diameter
polypropylene tube with length 6 cm fully inserted in the
colon. To prevent any AA leakage from the colon through the
anus, all rats were held upside down for 30 sec. This method
for AA-induction of colitis has been examined in previous
investigations [13,15].

Twenty-four h after induction of UC, rats were weighed
and divided into 5 groups, each with approximately the same
average weight of 160 g. Rats in the first group (n=5) were
assigned as controls and received no treatment during the
study (Sham group). The rest of the groups each consisted of 8
rats. Mesalamine/5-ASA was administered by gavage to the rats
in the second group in a dose of 100 mg/kg. Mesalamine was
given rectally to the third group of rats in the same dose. The
fourth group received 300 mg/kg colostrum (400 mg capsule,
consisting of at least 20% IgG, BarsamPharmed Alborz Co.,
Iran) orally, and the fifth group received the same treatment,
but rectally.

Serological, histological, and outcome assessments

The rats were sacrificed after 7 days following the treatment.
All rats were euthanized by exposure to high levels of carbon
dioxide. Blood samples were taken from the animals via cardiac
puncture for laboratory evaluation, including superoxide
dismutase (SOD) activity, white blood cell (WBC) count,
C-reactive protein (CRP), and hemoglobin levels (Hb). The
enzymatic activities of SOD were determined by the method
developed by Misra and Fridovich [29].

Subsequently, the abdomen was opened and the colon was
exposed. The distal 8 cm of the colon was excised and opened
by a longitudinal incision. After the mucosa had been washed
with saline solution, mucosal inflammation was assessed
macroscopically using the grading scale of Millar et al, in
which inflammation scores were assigned based on clinical
features of the colon using an arbitrary scale ranging from 0-4
as follows: 0, no macroscopic changes; 1, mucosal erythema
only; 2, mild mucosal edema, slight bleeding, or small erosions;
3, moderate edema, slight bleeding ulcers, or erosions; and 4,
severe ulceration, edema, and tissue necrosis [30]. Samples
were preserved in 10% formalin for histological examination.

Colonic samples were taken 2-4 cm proximal to the
anus, after which the tissue was fixed in phosphate-buffered
formaldehyde, embedded in paraffin, and 5-mm sections
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were prepared. The tissue was stained with hematoxylin
and eosin and evaluated by light microscopy. Samples were
subsequently scored in a blinded manner by an expert
pathologist. A histological grading scale was used for the
determination of the extent of inflammatory reaction in the
tissue. Each of the individual parameters estimated was graded
0-3 depending upon the severity of changes (0, no change; 1,
mild; 2, moderate; and 3, severe). The evaluated parameters
were ulceration, inflammatory cell infiltration, destruction of
the mucosa, disorganization, and crypt abscess. The severity of
changes was subjectively graded and compared with controls.

Statistical analysis

The laboratory data are expressed as mean * standard
deviation. The charts are also expressed as mean + standard
error at each point. All the statistical analyses were performed
using the SPSS® statistical software (17.0, IBM®, USA). Chi-
square test, one-way ANOVA and repeated measures test were
used for comparison of the study groups. A P-value <0.05 was
considered statistically significant.

Ethical considerations

The experiments were performed following the regulations
of the local Animal Ethics Committee of Shiraz University of
Medical Sciences, Shiraz, Iran, which were drawn from the
international guidelines on the care and use of laboratory animals.

Results

Procedure

After the induction of AA, 7 of the rats died, which included
1 in the topical colostrum group, 3 in the oral mesalamine
group, 2 in the rectal mesalamine group, and 1 in the sham
group. The other remaining rats survived throughout the
period of our study and were evaluated.

Weight changes

There was no significant difference among all groups
regarding their initial weight (P=0.846). As demonstrated in
Fig. 1, all groups showed a significant decrease in weight after
the administration of AA. There was a significant increase in
weight between the second and 7" and 8" days in both the oral
(P<0.001 and P<0.001) and topical (P=0.018 and P=0.011)
colostrum administration groups, as well as the 5-ASA oral
group (P=0.008 and P=0.005), but not the 5-ASA local group
(P=0.151 and P=0.103). However, only the colostrum oral
group showed significant changes in weight throughout our
study (P=0.03).

Histological evaluation

The induction of UC with 4% AA led to microscopic
evidence of extensive colonic mucosal damage, with a loss of
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Figure 1 Effect of colostrum and 5-aminosalicylic acid (ASA) on the weight of rats with ulcerative colitis
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integrity of the crypt, inflammation, and ulceration (Fig. 2).
Evaluation of the mucosal surface showed a significant decrease
in the macroscopic grade in both oral and rectal colostrum
test groups in comparison to the AA-induced group (Fig. 3,
Table 1).

The grading of the rectally induced colostrum group was
found to be more similar to the normal mucosal surface,
compared to the oral colostrum and the 5-ASA oral and rectal
groups. Rectal colostrum even demonstrated better results
compared to rectal 5-ASA, although the difference was not
statistically significant (P=0.184). It was also noted that the
differences between the macroscopic changes in the 5-ASA and
colostrum groups were not significant.

Microscopic evaluation

Evaluation of the histological grades of the colitis tissue
(Table 2) provided evidence that the colostrum test groups
(both orally and rectally) showed an insignificantly lower

Figure 2 Hematoxylin and eosin staining of acetic acid-induced
ulcerative colitis in the sham group (A) and the colostrum group (B)

Figure 3 Macroscopic evaluation of the excised distal part of the colon
with severe ulceration, edema and tissue necrosis
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level of ulceration, destruction, disorganization, inflammation
rate, and crypt abscess of the colonic mucosa compared to the
AA-induced group (Sham). The histological grading of the
5-ASA test groups did not differ significantly from that of the
colostrum test groups (P>0.05).

Laboratory data

The results of the laboratory tests are demonstrated in
Table 3. In the evaluation of CRP level, we observed an
increased level of CRP after induction of AA. This increase
was attenuated by colostrum administration, which caused a
decrease in CRP levels in both rectal and oral groups, although
not significantly. Rectally administered colostrum resulted in a
significantly lower CRP level compared to rectally administered
mesalamine (P=0.032).

Evaluation of SOD activity found statistically significant
higher levels of SOD in all treated groups compared to
the AA-induced group. A difference was also noticeable
in the colostrum test group compared to the groups given
mesalamine, both rectally and orally (P=0.034 and P=0.016,
respectively).

Inducing AA led to an increase in WBC in all experimental
groups. The rectally administered colostrum group and the
orally administered mesalamine group showed lower levels
of WBC compared to other experimental groups, however,
the differences were not significant. There was no statistically
significant difference among the groups regarding Hb levels
(P>0.05).

Discussion

Bovine colostrum contains a variety of biologically active
substances, including growth and immunomodulatory
factors, Igs and antimicrobial peptides, which retain their
activity while passing through the gastrointestinal tract
and have beneficial impacts on intestinal function [8,16].
Although several gastrointestinal disorders, including irritable

Table 1 Macroscopic evaluation of the effect of colostrum vs. 5-aminosalicylic acid (5-ASA) in rats with induced ulcerative colitis

Macroscopic grading Drug (%) P-value*

Colostrum 5-ASA Sham

n=4
Topical Oral Topical
n=7 n=5 n=6

1 No changes 2(25) 4(5.1) 5(100) 0(0) 0(0) 0.107
2 Mucosal erythema only 3(37.5) 1(14.3) 0 (0) 3 (50) 1(25)
3 Mild mucosal edema, slight bleeding, or small erosions 1(12.5) 1(14.3) 0 (0) 1(16.7) 1(25)
4 Moderate edema slight bleeding ulcers or erosions 1(12.5) 1(14.3) 0 (0) 2(33.3) 1(25)
5 Severe ulceration, edema and tissue necrosis 1(12.5) 0 (0) 0 (0) 0 (0) 1(25)

*Fisher’s exact test
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Table 2 Microscopic evaluation of the effect of colostrum versus 5-aminosalicylic acid (5-ASA) in ulcerative colitis induced in rats

Histological finding Drug (%) P-value*
Colostrum 5-ASA Negative Control n=4
Oral n=8 Topical n=7 Oral n=5 Topical n=6
Ulcer No change 4 (50) 3 (42.9) 5 (100) 4 (66.7) 2 (50) 0.778
Mild 2 (25) 1(14.3) 0(0) 1(16.7) 1(25)
Moderate 2 (25) 3(42.9) 0(0) 1(16.7) 1(25)
Inflammation Mild 4 (50) 5(71.4) 5 (100) 4 (66.7) 3(75.0) 0.321
Moderate 3(37.5) 0(0) 0(0) 2(33.3) 0(0)
Severe 1(12.5) 2 (28.6) 0(0) 0(0) 1(25)
Destruction No change 3(37.5) 3 (42.9) 5 (100) 3 (50) 2 (50) 0.393
Mild 4 (50) 2 (28.6) 0(0) 3 (50) 2 (50)
Moderate 1(12.5) 2 (28.6) 0(0) 0(0) 0(0)
Disorganization No change 3(37.5) 3(42.9) 5(100) 4 (66.7) 2 (50) 0.400
Mild 4 (50) 2 (28.6) 0(0) 2(33.3) 2 (50)
Moderate 1(12.5) 2 (28.6) 0(0) 0 (0) 0 (0)
Crypt Absence No change 3(37.5) 3 (42.9) 5 (100) 3 (50) 2 (50) 0.393
Mild 4 (50) 2 (28.6) 0(0) 3 (50) 2 (50)
Moderate 1(12.5) 2 (28.6) 0(0) 0(0) 0(0)
*Fisher’s exact test
Table 3 Laboratory evaluation of rats with ulcerative colitis
Laboratory data Drug (%) P-value*
Colostrum Mesalamine Sham n=4
Oral n=8 Topical n=7 Oral n=5 Topical n=6
C-reactive protein (mg/dL) 1.85+0.27 1.71 £0.21 1.87 £ 0.20 1.98 £ 0.20 2.32 +0.63 0.044
Superoxide dismutase activity (units/mL) 7.91 +3.33 6.51 £2.15 3.84+2.15 3.45 + 1.66 2.70 £ 1.41 0.003
White blood cell count (x10°/L) 11.29 + 3.47 8.37 +3.37 8.22 +3.15 11.50 +5.39 4.18 +£5.60 0.486
Hemoglobin (g/dL) 12.79 +2.33 12.71 £ 1.00 12.16 + 2.28 13.17 £ 1.79 11.50 £ 1.28 0.675

*One-way analysis of variance (ANOVA) test

bowel syndrome and drug-induced gut damage, have been
alleviated with bovine colostrum and its derived products,
few experiments were conducted to examine the effect of this
natural product on IBD [8,17,18]. Using a multidisciplinary
approach, we investigated whether administration of bovine
colostrum could prevent development of AA-induced colitis in
a rodent model of IBD. Our study proved that treatment with
colostrum, as a natural product with many anti-inflammatory
and immunomodulatory properties, ameliorates the signs and
symptoms caused by AA-induced colon inflammation in these
models. Furthermore, the oral administration of colostrum
showed a similar therapeutic effect as the standard treatment
method for UC, and local administration of the compound
demonstrated even more satisfactory results in the rodent
models.
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Based on a clinical trial study by Khan et al, bovine
colostrum enema had beneficial effects in patients with mild
to moderate distal colitis, reducing clinical symptoms and
histological scores (compared to placebo) and providing
additional benefits to mesalamine [19]. Consistently, our study
demonstrated that bovine colostrum alone could provide
equivalent results to mesalamine, while also decreasing the
severity of weight loss. Similar results were also reported in
other types of UC induction in animal models, such as dextran
sulfate sodium-induced colitis and trinitrobenzene sulfonic
acid-induced colitis [20,21].
study, after AA
disorganization, destruction, inflammation, ulceration and

In our induction, we observed
crypt abscess formation of the colonic mucosa. Histological

evaluation of samples showed that treatment with mesalamine



and colostrum could ameliorate these changes, resulting in
lower grading scores in the test groups. These findings were
in line with previous studies suggesting the beneficial effects
of bovine colostrum in colitis [8,19]. Crypt abscess observed
in UC is mainly caused by infiltration of lymph plasmacytes
into the lamina propria, making space between the crypts and
muscularis mucosa and reducing the crypts’ height. It seems
that the compound can reduce abscess formation by inhibiting
infiltration, stimulating intestinal development, inducing
intestinal crypt cell proliferation, and increasing crypt depth
and area [22].

Bovine colostrum appears to be safe, according to the
current state of knowledge, and no contraindications have been
reported in humans or animal models, even when it was given
in high doses [8,23,24]. Lactose intolerance, transient diarrhea,
nausea, flatulence, and unspecified abdominal discomfort have
all been reported as possible side-effects in a few studies [8,24].
Studies have previously demonstrated that the colostrum is
more intrinsically stable against luminal digestion than isolated
individual peptides [25]. Additionally, peptide combination
therapy has the potential to stimulate healing in a synergistic
manner, via an increment of lactoferrin and epidermal growth
factor levels that could lead to stimulation of the growth intestinal
epithelial cell lines [26]. Bovine colostrum administration might
also balance the indigenous microbiota [27-30].

Bovine colostrum contains numerous compounds that
have antioxidative actions [31]. For example, it has been
observed that the agent has high levels of vitamin E, which
is amongst the most potent compounds that reduce reactive
oxygen species [32,33]. This vitamin has an essential role in
cellular redox balance, protecting tissues against oxidative
damage [34]. As shown in previous studies, the quantity of
oxidative parameters increases in colitis-induced rats [34-36].
This is also true for human subjects, as oxidative balance was
found in clinical studies to be irregular in IBD patients [37]. In
our study, we observed a significant increase in SOD activity in
the AA-induced group, probably to compensate for the damage
caused by AA-induction. Bovine colostrum was beneficial,
increasing the activity of SOD, specifically when it was
administered via the local route. Furthermore, the agent was
found to be capable of eliminating enterotoxigenic Escherichia
coli, as it increased SOD levels and decreased phagocytic
activity, leading to a reduction in inflammation [8,18,27]. It
could be assumed that the effects of colostrum in reducing the
levels of inflammation in AA-induced colitis might be due to
its antioxidative activities. Consistently, it has been shown that
bovine colostrum could prevent colitis by decreasing oxidative
stress and inflammation in UC-induced rodent models [38].
Additionally, Segui et al also mentioned that an increase in SOD
levels improves the colonic inflammation caused by UC [39].
This increment of SOD activity leading to alleviation of bowel
tract inflammation was also observed in other studies that
examined the effects of natural products, such as Ginkgo biloba
extract, on colitis-induced rat models [40].

Many acute-phase reactive proteins, such as CRP, can
negatively influence different stages of inflammation. In our
study, we observed an increased level of CRP after induction
of AA, perhaps caused by the activation of the complementary
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system. The administration of bovine colostrum decreased
CRP levels in both test groups. The decrease in CRP in the
rectally treated colostrum group was significant compared to
the mesalamine groups.

This study had a few limitations that need to be mentioned.
In this experiment, 7 rats died after AA induction; this
certainly could have impacted the final results. Moreover,
the micronutrient profile of the colostrum used in the study
was not assessed in our center. While we observed that SOD
activity was increased in the colostrum treated groups, we did
not assess for other anti-inflammatory potentials of this agent
that could have been effective in colitis.

In conclusion, bovine colostrum, a rich source of
biologically active molecules, has the potential to reduce the
weight loss caused by AA-induced UC in rodent models and
to decrease the histological scores of the disease. This might
be due to the modulatory effect this agent has on the oxidative
balance, as well as inflammatory factors. As bovine colostrum
has been found to be safe and has hardly any side-effects, the
agent could be regarded as an option for patients who prefer
“natural” products. Despite the promising results, more
research is needed to confirm not only the efficacy and safety
of colostrum, but also to understand the immunomodulatory
mechanisms that can prevent the development and progression
of chronic inflammation in UC and IBD. In addition, further
studies of the use of bovine colostrum in trials of patients in
whom steroids need to be avoided, such as in children with
IBD, are justified.

Summary Box

What is already known:

e The conventional treatment of ulcerative colitis
(UC) includes administration of 5-aminosalicylic
acid, which, despite its beneficial effects, might lead
to several side-effects

e Researchers have been looking for and evaluating
natural products that have antioxidant and anti-
inflammatory properties that can potentially
alleviate UC

e Previous studies using animal models of gut diseases
showed that bovine colostrum might have protective
effects against the development of inflammatory
bowel disease

What the new findings are:

e Bovine colostrum could decrease the macroscopic
and microscopic changes caused by acetic acid (AA)
induction of UC in rodent models

e Bovine colostrum could also decrease levels of
inflammatory markers and regulate oxidative
balance in AA-induced rodent models of UC
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