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Abstract

Background: Inflammatory bowel disease (IBD) is a complex multifactorial condition that includes Crohn’s
disease and ulcerative colitis (UC). UC is characterized by inflammation, oxidative stress, and increased intestinal
epithelial cell apoptosis. The present study investigated the protective potential of five safety products, namely
bromelain (Br), silibinin (SB), alpha-lipoic acid (ALA), inulin (IN), and sodium butyrate (BU), against UC.
Methods: Seventy-two male Balb/c mice were divided into nine groups and administered for 14 days with a
minimum effective dose of Br, SB, ALA, IN, BU, or all five together (PAC). Mesalazine (MZ) was used to
compare the therapeutic effects of the compounds. Colitis was induced by rectal injection of acetic acid (4%) on
the 12" day. Blood and colon tissue were collected, and the expression of inflammatory cytokines and oxidative
stress indices were examined via ELISA. SPSS v.24 was used for data analysis.

Results: All the individual therapeutic groups, including Br, IN, BU, ALA, and SB, partially improved
histopathological changes due to colitis, but PAC treatment prior to colitis induction significantly (P<0.001) and
more effectively improved colitis and alleviated the extent and intensity of the histological signs of cell damage
including inflammation intensity and macroscopic and microscopic colon damage. A significant decrease in
inflammatory cytokines and oxidative stress indices was also observed in the groups treated with ALA, SB,
and PAC.

Conclusion: This animal study suggests that the new drug combination (PAC) is more beneficial for the
prevention of UC than MZ, a usual treatment of UC.
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A new pre-treatment for ulcerative colitis

Introduction

nflammatory bowel disease (IBD), including

Crohn’s disease (CD) and ulcerative colitis (UC),
is a chronic inflammatory disorder affecting the
gastrointestinal tract. UC, or bleeding colitis, is
associated with chronic inflammation of the colon
and rectum. In such a situation, the immune system
is impaired, attacks the colon’s internal wall, and
causes various complications (1).

Generally, the incidence and prevalence of UC
in Asia are generally lower than in the West (2, 3).
However, recent data have described an increase
in the incidence of the disease in countries of Asia
with large populations such as China and India.
Within the past few decades in Asia, a clear rise
in the incidence of UC was observed due to the
spread of the western lifestyle, particularly the
increased consumption of sugars, fats, fast foods,
red meat, and alcohol (4, 5). One of the long-term
complications of UC is colorectal cancer (6). A
wide range of complications and side effects are
associated with therapies used for UC treatment,
including nonsteroidal anti-inflammatory drugs
(NSAIDs) (7), corticosteroids (8), antibiotics (9),
immunomodulators (10), monoclonal antibody drugs
(11), and probiotics (12). Inefficiency and/or serious
side effects related to the administration of the drugs
mentioned above, in addition to the multifactorial
pathogenesis of UC, underscore the need to find
novel treatment agents.

In light of these issues, we searched the scientific
literature and selected some products as candidates
for use in UC therapy. These products were chosen
according to the different aspects of this disease and
also according to the effect of each on these difterent
aspects. Also, we worked on a pre-treatment approach
to this disease and checked that these drugs had no
harmful and/or counteractive effects. Finally, we
were able to select the five products mentioned below.

Bromelain (Br) is an enzyme found in pineapple
juice and in the pineapple stem. Therapeutic effects
of Br in UC, especially in the moderate type, have
been observed (13, 14). Also, Br reduces colon
inflammation and cancerous lesions in the mice’s
large intestines (15).

Inulin (IN) is a starchy substance found in a wide
variety of fruits, vegetables, and herbs, including
wheat, onions, bananas, leeks, artichokes, and
asparagus. This substance’s effective anti-
inflammatory and repairing properties have been
demonstrated (12, 16, 17). In addition, IN, as a
prebiotic compound, relieves UC by reducing NO
synthesis (12).

Butyrate (BU), a short-chain fatty acid produced
in the colon through bacterial fermentation, plays
an important role in intraluminal homeostasis,
inflammation modulation, cellular proliferation,
differentiation, and repair of mucosal lesions (18).
Legumes (beans, peas, and soybeans), fruits, nuts,
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cereals, and whole grains are good sources of dietary
fiber. BU is also found in butter and cheese (19).

Alpha-lipoic acid (ALA) is an organosulfur
compound derived from caprylic acid. Many foods
contain ALA in very low amounts. They include
spinach, broccoli, potatoes, yeast, tomatoes, Brussels
sprouts, carrots, beets, and rice bran. ALA, a potent
antioxidant, is an effective factor in UC relief and
colon damage prevention (20).

Silibinin (SB) is a natural flavanone compound from
medicinal plants (Silybum marianum), classified as
a flavonoid. SB, the active ingredient of silymarin,
has a key role in the treatment of colon cancer and
UC in the mouse model (21).

Recent years have shown that herbal medicine and
combination treatments have a preferential effect
compared to the conventional single treatment of UC
(22). Therefore, we hypothesized that by combining
the mentioned products, we would be able to have
a more effective effect against this disease. Animal
models are indispensable for evaluating mechanistic
details that will facilitate a better pre-clinical drug
therapy design to target specific components involved
in a disease. Hence, we designed this study using a
mouse model to better examine our hypothesis by
comparing these effects between each product as
well as compared with a drug often used against this
disease: mesalazine (MZ).

Therefore, the present study investigated the
protective potential of five products: Br, SB, ALA,
IN, and BU, or all five together (PAC), against UC.

Materials and Methods

Animal

Seventy-two male Balb/c wild-type mice (8—10
weeks of age, weighing 20-35 g) from the Razi
Institute of Mashhad were transferred to our animal
laboratory one week before the start of the project.
The mice were kept at a temperature of 21+£2 °C
with a natural light period (8 am to 8 pm) for a week
in the faculty animal room for adaptation to new
environmental conditions. Adequate water and food
were made available.

Treatment

The mice were randomly divided into nine groups
of eight. The mice were weighed, and their general
status was assessed daily at certain hours. The
effective dose of medications was calculated and
given to animals via gavage for 14 consecutive days.
The doses of Br (13), IN (16), BU (23), ALA (24),
SB (25), and MZ (26) were selected according to
prior studies. All compounds used in this study were
provided by Sigma, Merck, or MP biomedical.

The groups were as follows: Group (1), the
control group (CT), lacking colitis induction and
treatment; Group (2), the colitis group (CT-), with
induced colitis but not treated, only received PBS;
Group (3), received MZ at 100 mg/kg/day; other
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groups, respectively received, (4) Br: 40 mg/kg/
day, (5) IN: 800 mg/kg/day, (6) BU: 2 mg/ml, (7)
ALA: 80 mg/kg/day, (8) SB: 400 mg/kg/day, and
(9) “PAC”: was treated with an effective dose of
all (Br + IN + BU + ALA + SB). In this study,
MZ was used in one group to compare its effect
with others compounds. After a 12-day course of
pre-treatment, UC was induced using a chemical
model (27) in all treatment groups except the
control group.

Ulcerative Colitis Induction

In this model, 24-h fasted mice were anesthetized
using a mixture of ketamine and xylazine 2% (5+44
mg/kg). Then, for colitis induction, 0.1 ml of acetic
acid (4%, v/v) was injected with an appropriate
plastic catheter at a distance of 3 to 4 cm from the
anus, and after 30 to 60 seconds of contact with the
tissue, the colon washed with a physiological serum.
In the normal control group, mice received 0.9%
saline alone using the same technique (28). Several
pilot experiments were used to find the appropriate
acetic acid dosage (3% to 6%), and the best result
was obtained at 4%.

Evaluation of Toxicity and Safety Dosage of the
Compounds

The liver and the hematological system are the
organs potentially most frequently affected during
the oral administration of compounds to animals.
The evaluation of the biochemical, morphological,
and histopathological parameters indicated no
toxicity and damage concerning the products used
in this study. With oral administration in mice, Br
has a very low toxicity effect with an LD50 (lethal
dose) greater than 10,000 mg/kg (29); IN has no toxic
effect up to 1000 mg/kg (30); BU has no toxic effect
up to 1.25 g/kg (31); ALA has no toxic effect up to
500 mg/kg (32); SB has no toxic effect up to 20,000
mg/kg (33).

Assessment of Changes in Body Weight

Animal body weights were recorded daily
throughout all the experiments. At the end of the
experiment, after sacrificing the mice, the colons
were removed aseptically from the proximal rectum.
Afterward, the colon length and weight were
measured. The percentage of body weight loss was
calculated as the percent difference between the
original body weight (day 0) and body weight on
any particular day. To measure tissue edema, the
colon weight/length ratio was evaluated.

Macroscopic Evaluation

The severity of colonic damage was evaluated
according to a macroscopic scoring system described
by Khoshakhlagh et al. in 5 levels from a normal
appearance with no damage (score 0) to damage
extending >2 cm along the length of the colon (score
4-6) (34).
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Serum and Tissue Preparing

Clinical activity scores were measured, and on
the 14" day, the mice were anesthetized, and blood
samples (1 ml) were taken to measure the serum
biomarkers. After sacrificing the mice, the colon
(about 5 cm) was removed and washed with saline
then its length and weight were measured. A small
portion of colon tissue (50 mg) was separated and
maintained at -20 °C to measure glutathione, IL-6,
and TNFa. The remaining colon tissue was weighed
and washed with cold normal saline and then fixed
in formalin 10% for histopathologic evaluation.

Colon tissue sections were fixed and stained with
hematoxylin and eosin (HE) to determine mucosal
damage (35). Histological grading criteria were
as follows: 0: no signs of inflammation; 1: low
inflammation; 2: low levels of leukocyte infiltration;
3: high levels of leukocyte infiltration, high vascular
density, thickening of the colon; and 4: transmural
penetration, loss of goblet cells, high vascular density,
thickening of the colon wall. Microscopic sections
were examined by one pathologist in a double-blind
manner, and histological reports and images were
prepared. For each microscopic section, according
to the Dieleman method, the crypt damage degree,
the depth of damage, and the inflammation degree
were scored from 0 (healthy epithelium and crypt) to
4 (complete destruction of crypt and epithelium) (36).

Cytokine Assay

Serum and colon tissue levels of TNF-a and
IL-6 were determined using the ELISA (enzyme-
linked immunosorbent assay) according to the
manufacturer’s instructions (IL-6: eBioscience
Mouse IL-6 platinum ELISA kit, Affymetrix;
TNF-a: eBioscience Mouse TNF alpha platinum
ELISA kit, Affymetrix). To extract the proteins,
50 mg of colon tissue was completely crumbled,
homogenized with RIPA lysis buffer (containing
1% protease inhibitor cocktail and 1% phosphatase
inhibitor cocktail), and centrifuged for 20 minutes
at 4 °C and 10,000 rpm. The supernatant was used
for TNF-a and IL-6 determination.

Glutathione (GSH) Assay

Colon tissue and blood glutathione content
were measured using a GSH assay kit (Bioassay
Technology Laboratory E0394Mo, Mouse
Glutathione peroxidase ELISA kit) according to
the manufacturer’s instructions. The colon tissues
were suspended in 10 mM PBS solution, mixed
with ice-cold 7.5% trichloroacetic acid solution, and
centrifuged at 3000 xg for 10 min. The supernatant
was used for the assay. The GSH content was
measured at 450 nm absorbance (37).

Statistical Analysis

In describing the data, appropriate tables and
statistical indicators such as mean and standard
deviation wereused. Inthe data analysis, the normality
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of the data was checked using the Shapiro-Wilk test.
For normal data, parametric analysis of variance
methods were used, and for pairwise comparisons,
Tukey’s HSD test was used. For non-normal data,
non-parametric methods of the Kruskal-Wallis test
were used, and the Dan-Bonferroni method was used
for pairwise comparisons. The software used in this
research was SPSS v. 24, and the significance level
of the tests was less than 5%. In the results, P-values
less than 5% are marked with a * sign, and values
less than 1% are marked with a ** sign.

Results

Effects of Medicines on Body Weight Change and
Tissue Edema

The weight variation curve of the mice (Figure 1)
revealed that mice treated with SB, ALA, or PAC
were significantly less affected by the disease
(P<0.05) compared to the colitis group (CT-). On the
14th day, the average weight of mice treated by ALA
and PAC showed the least weight loss compared to
other groups and the colitis group. According to the
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Figure 1: Body weight in different treatment groups. Body
weights of mice receiving an effective dose of bromelain (Br),
silibinin (SB), alpha-lipoic acid (ALA), inulin (IN), sodium
butyrate (BU), the five agents together (PAC), or mesalazine
(MZ), compared with the control group (CT) and colitis group
(CT-) (P<0.05). Data are expressed as mean+S.E.M.

weight loss index, the percentage of body weight loss
was classified as unchanged, less than 5%, between
5% and 10%, and over 10%.

The percentage of body weight loss in the control
group (CT) did not show any changes. In the colitis
group, mice showed a body weight loss of over
10% (P<0.05). The remaining groups showed the
same results explained above, compatible with the
histology results below (P<0.05). Interestingly, the
PAC group showed the least body weight loss.

The colon weight/length ratio, as a measure of
tissue edema, was significantly increased in the
colitis group (P<0.05) compared with the control
group (Figure 2). Using SB and PAC caused a
significant reduction in this parameter compared
with the colitis group (P<0.05). In other groups,
tissue edema decreased but did not reach statistical
significance.

Effects of Medicines on Histopathological Changes

Figure 3 shows that in the colitis group (CT-),
inflammation extended to the mucosa, submucosa,
and epithelial cells (area 1). Also, extensive tissue
granulation with infiltration of leukocytes and

90 4
80 4

PWL

CT CT- BR IN AlLA  BU SB PAC MZ
Group

Figure 2: Effects of drugs on tissue edema. The chart of
colon weight/length. Data are expressed as the means+S.E.M.
*P<0.05, **P<0.01 and ***P<0.001 vs. colitis group (CT-);
#P<0.05 VS. mesalazine.

Figure 3: (a) Colonic tissue structure in the untreated colitis group (CT-) versus the control group (CT); (b) Histological colonic
mucosal sections of colitis group (a) showing severe destruction of epithelium with inflammatory cell infiltration (1), loss of cryptic
structure and decrease in the number of goblet cells and leukocyte infiltration (2 and 3), and normal mice (b) showing normal mucosa
with intact epithelia. Hematoxylin-eosin stain; original magnification (400x).
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Goblet cells was observed. In some sections of
ulcerated areas, necrotic tissue adjacent to surface
cells with extensive crypt destruction could be
observed (areas 2, 3). Treatment of mice with PAC
significantly attenuated the extent and severity of
the histological signs of cell damage and colitis. In
addition, all the other therapeutic groups partially
improved colitis (Figure 4).

Histopathological Scores of Colitis

Microscopic pathological scores significantly
increased in the colitis group (CT-) compared with
that of the control group (CT). PAC significantly
decreased the pathological scores in acetic acid-
induced colitis mice as compared with the colitis
group (P<0.001), showing a much better effect than
the MZ group (P<0.05) (Figure 5).

Serum Cytokine Assay

Serum levels of IL-6 were significantly lower in all
treatment groups compared with the colitis group
(CT-). Also, in the PAC group, the IL-6 level was
significantly lower (P<0.05) in comparison with the
MZ group (Figure 6A).

Serum level of TNF-a decreased significantly in the
Br and BU groups (P<0.01, each) and in the ALA, SB,
and PAC groups (P<0.001, each) compared with the
colitis group (CT-). However, the decrease in the MZ
and IN groups compared with the colitis group (CT-)
did not reach statistical significance (Figure 6B).

Colon Cytokine Assay

Administration of acetic acid caused a significant
elevation in colonic levels of IL-6 and TNF-a in the
colitis group (CT-), as compared with those in the
control group (CT) (Figure 7). Treatment of mice
with ALA (P<0.01) or PAC (P<0.05) significantly
reduced the production of IL-6 compared with
the colitis group (CT-), as evident in Figure 7A.
Administration of ALA and BU significantly
(P<0.05) reduced TNF-a levels compared with the
colitis group. In the PAC group, the colonic TNF-a
level decreased significantly (P<0.01) compared with
the colitis and MZ groups (Figure 7B).

Glutathione (GSH) Assay in Colon and Blood

Considering the role of oxidative stress in the
development of colitis, a GSH test was performed.
Colon tissue and blood GSH content in various groups
were measured. Higher serum levels of GSH were
found in the control group compared with the colitis
group (P<0.001). However, serum levels of GSH were
significantly higher in the ALA, SB, Br, and PAC
groups (P<0.01), while no significant differences were
observed between the IN and BU groups compared
with the colitis group (CT-) (Figure 8A).

The colon level of GSH increased in all groups
compared with the colitis group, but in the PAC,
ALA, and SB groups (P<0.05, each), this increase
was significantly higher (Figure 8B).
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Figure 4: Effects of medicines on the microscopic appearances
of the mice colon with 14 consecutive days of pre-treatment with
induction of colitis by acetic acid on the 12th day. Treatment
with (a) alpha lipoic acid 80 mg/kg/day (healthy area, no colitis)
and (b) moderate colitis; (c) Silibinin 400 mg/kg/Day (healthy
area, no colitis); (d) Butyrate 2 mg/ml (healthy area, no colitis);
(e) Mesalazine 100 mg/kg/Day (moderate colitis); (f) Inulin
800 mg/kg/day (moderate colitis); (g) Bromelain 40 mg/kg/day
(mild colitis); (h) effective dose of all five agents (PAC group)
revealing healthy mucosa (no colitis). Hematoxylin-eosin stain;
original magnification (400x).

4 q

CT - BR IN ALA BU S8 PAC MZ

Group

Figure 5: Microscopic histopathological scores of colonic
damage from acetic acid in mice. Data are expressed as the
mean+S.E.M. ¥P<0.05, **P<0.01 and ***P<0.001 vs. colitis
group (CT-); # P<0.05 vs. mesalazine

Discussion

Ulcerative colitis (UC) 1is characterized by
inflammation, oxidative stress, and increased
intestinal epithelial cell apoptosis. UC is a
multifactorial disease for which current therapeutic
options do not suffice, each leading to different
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colon. Data are expressed as the mean+S.E.M. *¥P<0.05, **P<0.01 and ***P<0.001 vs. colitis group (CT-)

complications. This study aimed to investigate the
protective potential of five agents (Br, SB, ALA, IN,
and BU) against UC in a mouse model, with MZ as
a usual treatment used to compare the therapeutic
effects.

The results on body weight change and tissue
edema showed that the group treated with PAC (the
combination of all five agents) had the least weight
loss and colon weight/length ratio, while the colitis
group (CT-) showed the most body weight (over
10%) loss and an increased colon weight/length
ratio. Previous studies have claimed that components
of PAC including Br, IN, BU, ALA, and SB act as
anti-edematous and anti-inflammatory agents (38-
42). Colon weight/length ratio increment and body
weight loss due to dehydration are recognized as
consequences of UC (43). It is likely that in terms
of controlling weight loss and tissue edema in UC,
the administration of the studied compounds in
combination acts more effectively than each alone.
It should be noted that on the 11" day, food was
withheld for 24 hours from all groups, which caused
a brief reduction in weight on the 12" day. As there
was no significant difference between the groups

http://colorectalresearch.sums.ac.ir/

before the treatment, the weight gain in each group
should be compared to themselves.

Acetic acid injection into the colon of experimental
mice causes acute and severe inflammatory responses
characterized by macroscopic changes, microscopic
lesions of the colon wall, ulcers, submucosal edema,
and a reduced number of goblet cells. Based on our
results, although all the individual agents partially
improved histopathological changes due to colitis,
PAC significantly and more effectively alleviated
the extent and intensity of the histological signs
of cell damage including inflammation intensity
and macroscopic and microscopic colon damage,
improving the colitis. Previous reports have
demonstrated that Br (13), IN (44), BU (45), ALA
(46), and SB (21) improved the histopathological
changes due to colitis, which is in accordance with
the results of our study.

TNF-a is an inflammatory cytokine that plays an
important role in IBD, including UC (47). The IL-6
cytokine level is a representative parameter of IBD
that significantly correlates with the severity and
extent of CD and UC (48). Our results showed a
significant decrease in IL-6 and TNF-a in the serum
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of all groups (only a non-significant decrease in
TNF-a for the IN and MZ groups); however, in the
colon, the decrease in IL-6 was significant only in
the PAC and ALA groups, and the decrease in TNFa
was significant in the PAC, ALA, and BU groups in
comparison with colitis group. In addition, the level
of colon TNFa and serum IL-6 was significantly
lower in the PAC group than in the MZ group, which
had a similar level to the control group. Acetic acid
injection and the development of colitis increased
the IL-6 and TNFa levels in the colon and blood
compared to the control group. This is while the
PAC group had significantly lower levels of these
cytokines in the serum and colon tissues compared
with the colitis group.

Silibinin (SB) inhibits transcription factor NF-xB
and stops its induction of tumor necrosis factor-
alpha (TNF-a) in a dose-dependent method (49).
Also, it inhibits the formation of prostaglandins and
cyclooxygenase 2, which are involved in neutrophil
accumulation in the mucosa, production of reactive
oxygen species (ROS), and oxidation in inflamed
tissues (50). Probably, SB exerts beneficial effects
due to its potent antioxidant properties. Antioxidant
and protective properties of SB have been proven
in laboratory animals with acute or chronic lesions
(51). This study’s results agree with previous studies
that showed that oral intake of SB in 50 and 100 mg/
kg concentrations would improve inflammation and
tissue damage of the colon (52).

In an in vitro study on colon tissue obtained from
patients with IBD, bromelain (Br) treatment reduced
the secretion of pro-inflammatory cytokines and
chemokines (53). In another in vitro research, the
effects of purified fruit bromelain (PFB) on Tumor
Necrosis Factor Receptors (TNFRs) indicated
that epithelial TNFR1 and TNFR2 expression
significantly increased in a rat colitis model but was
neutralized by PFB. PFB also ameliorated colitis
symptoms including infiltration of inflammatory
cells, cytokine profiles, and epithelial cell apoptosis
(54). The reduction of IL-6 and TNFa in the Br group
of our research is consistent with the results of the
mentioned studies.

An inulin (IN)-based diet reduces the risk of colon
cancer (55) and increases the absorption of calcium,
magnesium, zinc, and iron in the colon (56). In one
study, the potential preventive effects of IN (1%
(w/v) orally for 7 days) on dextran sulfate sodium
(DSS)-induced colitis were studied. The prebiotic
IN improved colitis symptoms by decreasing NO
production and mucus secretion induction, suggesting
an anti-inflammatory effect in preventing colitis (12).
In our study, IN also improved colitis, but less than
the other studied agents. Furthermore, IN reduced the
level of IL-6 but not that of TNFa. Few studies have
illustrated the effect of IN on increasing electrolyte
permeability in intestines and promoting wound
healing (12). Since the mice were sacrificed 48 hours
after wound development in our study, there was
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possibly not enough time to heal the intestinal ulcer.

Sodium butyrate (BU) has been used to repair
intestinal mucous membranes and has an anti-
inflammatory role. By inhibiting TNFa, IL-13, and
IFNy, BU can improve IBD, especially UC (57-
59). In another study, simultaneous administration
of BU and MZ in UC treatment showed a better
improvement in UC (60). In another report, mice
received BU (0.5% via oral) for 14 days in DSS-
induced UC. Results revealed that BU improves
mucosal lesions and the inflammatory profile
of the intestinal mucosa (61). In this study, BU
significantly reduced the pro-inflammatory and
inflammatory cytokines in the serum and tissue,
which is consistent with other studies (61). BU
derivatives play an important role in keeping the
colon healthy through the inhibition of the histone
deacetylase enzyme, which plays a critical role in
gene regulation, immune system modulation, cancer
suppression, cell differentiation, reducing oxidative
stress, controlling diarrhea, visceral sensitivity, and
modulating intestinal motion (61, 62).

Inaratmodel of UC, alpha-lipoicacid (ALA)atadose
of 25 mg/kg for three days decreased inflammation of
the intestine with the loss of neutrophil accumulation
and the inhibition of oxidative reactions, as well as
a change in the intestinal morphology (20, 24). In a
recently published study on a mouse model of UC,
ALA carried out its protective role by controlling
nuclear factor kappa B, cyclooxygenase 2, and IL-
17 (24). The results of this study are in accordance
with previous studies, as ALA (80 mg/kg) improved
inflammation and tissue damage due to UC (20, 24).
Our results of the immunohistochemistry study
showed that ALA significantly reduced acetic
acid-induced levels of pro-inflammatory and anti-
inflammatory cytokines in the colon and serum, in
accordance with previous studies (24). We found that
ALA could improve colitis and was more effective
than the other compounds used (even MZ), but less
effective than PAC.

Therapeutic effects of medicines on histopathological
changes showed that treatment with SB, BU, and PAC
could relieve colitis, while ALA, IN, and Br relatively
relieved colitis. Our research results indicate that
PAC is able to reduce the expression of IL-6 in
the colon tissue. The reduction of inflammatory
cytokines (TNFa) and histology results indicate an
effective improvement in disease in mice. Figure 9
summarizes the mechanism of action of the various
compounds used in this study against UC.

Glutathione (GSH) is the most abundant
intracellular antioxidant component with a wide
range of antioxidant capacities. A significant
reduction in GSH levels was shown in the colitis
group due to colonic tissue damage. An increase in
oxidative stress and consequent redox adjustment
by antioxidants, such as reduced GSH, are involved
in the pathophysiology of UC in both animals and
clinical trial studies (63, 64). Any reduction in the
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Figure 9: Mechanism of action of different compounds used against ulcerative colitis: bromelain (Br), silibinin (SB), alpha-lipoic

acid (ALA), inulin (IN), and sodium butyrate (BU).

level of reduced GSH has often been positively
correlated with an increased risk of oxidative stress
(65). Accordingly, the reduction of GSH content
showed in the acetic acid-positive control group may
be due to increased oxidative stress in this group.
The results of the present study are similar to those
reported earlier (66, 67).

Conclusion

Ulcerative colitis (UC) is an inflammatory disorder
of the gastrointestinal tract, with an increasing
prevalence in developed countries. Each of the drugs
used in this study was relatively useful in improving
the UC induced in the mouse model. However,
the results showed that the synergistic effects of
medicines in the PAC group led to more potency
and efficacy in improving UC induced in a mouse
model. Although more clinical studies are required,
our study demonstrated that PAC might be beneficial
for UC prevention and treatment.
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