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ABSTRACT

BACKGROUND

The use of herbal and synthetic compounds can be effective in improving the areas and repair
of tissues that have been affected during the processes like what happens in ulcerative colitis (UC)
as a common inflammatory disorder. According to the beneficial effects of aloe vera, in this study,
we aimed to assess the therapeutic effects of oral aloe vera gel on acetic acid-induced colitis in rats
by histopathological and molecular analysis of Bax, and BCL-2 genes expression (using RT-PCR
technique) in colon tissue samples.

METHODS

This experimental study comprised 32 adult male Sprague Dawley rats weighting 220 £ 20 g
that were randomly divided into four groups as follows. The control group (healthy rats), colitis
group in which UC was induced by transrectal administration of 3% acetic acid with no treatment,
oral form of sulfasalazine group in which UC was induced by transrectal administration of 3%
acetic acid, then was treated by oral administration of sulfasalazine 500 mg/kg body weight, and
the fourth group which received oral form of aloe vera gel (200 mg / kg) for 21 days, respectively
after induction of UC. Then, the therapeutic effects of treatment groups were compared with the
control group and the colitis group with no treatment, by the assessment of histopathological and
molecular changes in the colon tissues of rats on the 7™, 14", and 21* days. Finally, the collected
data were analyzed using statistical tests.

RESULTS

Histologically, aloe vera gel treatment could reduce and heal colon tissue damages in induced
colitis. Also, this gel reduced apoptosis in rat’s colon with acetic acid-induced colitis, which
showed in significantly decreased in Bax mRNA expression and significantly increased BCL-2
mRNA expression compared with the colitis group with no treatment.

CONCLUSION

Aloe vera gel has a significant effect on the treatment of UC in rat because of the beneficial effect
that was found from aloe vera such as decreasing the severity of colitis as evidenced by histopathological
findings, and with respect to apoptosis and gene expression that were related to wound healing process,
and suppression of the elevation of Bax mRNA with the upregulation of Bel-2, which can be considered
effective in the treatment of UC.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic, relapsing inflammatory disorder of the
gastrointestinal system, which can induce inflammation and damages in mucosal
layers of the colon, especially the rectum.! UC activity ranges from weak to
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severe and can affect the quality of life of the patient
directly.? The most dangerous and fatal side effects of
this inflammatory disease are anemia, obstruction of
the gastrointestinal tract, and nutritional deficiencies
due to the lack of absorption of food in the intestines.
On the other hand, risk of cancers such as colorectal and
lymphoma cancers were shown to be high in these patients,
which can explain the increased mortality rates in the
affected patients.® Although the causes and the exact
pathogenesis of UC are not yet known, generally, research
on UC suggests that the changes in the immune system
tolerance of the gastrointestinal tract can be responsible
for the pathogenesis, which begins with certain factors
and leads to a long-lasting, imbalanced, and severe
inflammatory responses in the intestinal tissue of people
that are genetically predisposed.*>¢

These factors can lead to intestinal epithelial cell
damages and apoptosis characterized by a rise in Bax
mRNA, and a decrease in BCL-2 mRNA as an anti-apoptotic
gene, and finally an increase happens in mitochondrial
membrane permeability to cytochrome ¢ and also results
in activation of caspase, which is responsible for apoptosis.’
Since UC is a disease with multiple causes and does not
have a definitive treatment method, there are several
management methods for UC, including the changes in
dietary habits and lifestyle, drug therapy, and in some
cases, surgery is necessary. Because the available treatment
methods have side effects and cannot cure the disease
completely, researchers are always looking for more ef-
fective and low-risk treatment methods for this disease.®’

The use of alternative therapies and natural dietary
compounds for healing purposes is increasing among
the therapists and patients with UC, among them, aloe
vera with the scientific name (Aloe vera Linne), is under
research. This plant is a cactus-like plant with green and
stretched leaves that contains viscous and transparent gel
with approximately 99.5% water and about 75 types of
active compounds such as vitamins, minerals, enzymes,
hormones, carbohydrates, lumps, proteins, amino acids,
sterols, and other organic derivatives. It is native to Asia,
Africa, and other tropical regions of the world with several
therapeutic effects have been found during various studies
on this plant.'*"'213 Therefore, according to the antioxidant,
anticancer, anti-inflammatory, analgesic, antimicrobial,
and wound healing effects of aloe vera reported in various
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studies, aloe vera can be used in healing of UC to provide
a protective effect on inflammation in the affected
tiSSue.lO’“’lz’M’lS

Diagnosis of inflammatory bowel disease is based on
the clinical and endoscopic findings and biopsy of the
patient’s intestinal mucosa. Laboratory measurements,
ultrasound, and radiological examinations can also be
useful in assessing and monitoring of the disease activity
and in differentiating UC from other forms of colitis with
similar characteristic. In general, the accuracy of diagnosis
in UC is based on methods that assess the extent and severity
of inflammation.'® So this study was undertaken to evaluate
the therapeutic healing effect of aloe vera gel in injured
tissue by histopathological and molecular methods.

MATERIALS AND METHODS

Preparation of aloe vera gel

The fresh, mature leaves of aloe vera were prepared and
approved in terms of race and species by the herbarium of
the Pharmacy School of Shiraz University of Medical
Sciences and then were transferred to the plant laboratory
of Comparative and Experimental Medical Center of
Shiraz University of Medical Sciences. The leaves were
then washed and disinfected with water and alcohol, after
its fragmentation and pulp extraction under sterile conditions,
and were homogenized by Homogenizer. Then the gel
solution was condensed at 60 °C in the evaporator device
for one hour and was dried in the incubator system at
60°C. Finally, it was powdered and stored at -21 °C in
the freezer.

Preparation and maintenance of animals:

32 male Sprague Dawley rats 220 + 20 g were prepared
from the central animal house of Shiraz University of
Medical Sciences. They were kept in separate cages in
a ventilated room of animal house under the standard
conditions. They were allowed to have free access to
water and food during the experiments except during the
fasting time. Animal feedings were done with prepared
standard plates. The practical activities of this intervention
were conducted in the central animal house of Shiraz
University of Medical Sciences and were done according
to the laboratory animal ethics protocols.
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Methods

1. Induction of ulcerative colitis

Animals were fasted for 24 hours with free access to
water to drain their gut contents. The rats were anesthetized
with diethyl ether. Then enema needle was entered up to
8 cm into the rectum, and transrectal administration of
2 ml of 3% acetic acid solution was performed. In this
stage, the rats were kept in a vertical head-down position
to avoid leakage of acetic acid. After 24 hours, the rats
had diarrhea or rectal bleeding, which indicated the
induction of colitis.

2. Study Design

This experimental study comprised four groups of
eight rats, each that were randomly divided as follows:

Group 1: Control group with healthy rats.

Group 2: Colitis group in which UC was induced
by transrectal administration of acetic acid 3% with no
treatment.

Group 3: Sulfasalazine drug 500 mg / kg of body weight
dose was administered orally for 21 days after induction of
colitis by transrectal administration of acetic acid.

Group 4: Aloe vera gel 200 mg / kg of body weight
was administered orally for 21 days after induction of
colitis by transrectal administration of acetic acid.

To provide the desired concentration of sulfasalazine and
aloe vera gel, which were administered to rats through
oral gavage daily, a certain amount of their powder was
mixed with a specified volume of distilled water.

3. Evaluation methods

Two methods of histopathological and molecular
analysis of gene expression were used for the assessment
of the colon tissue of rats.

Histopathological assessment

After the intervention, the rats were killed in the 7%,
14%, 21* day with CO,, in the special chambers and 10
cm from the end of their colon was removed (biopsy).
Then half of the colon tissue samples were fixed for
histopathological assessment in formalin-10%, and in
the next stage, the paraffin blocks were prepared from
the samples, and then sections of 5-micrometer thickness
were prepared and stained with hematoxylin and eosin

(H&E) method. These processing and assessment of
specimens were performed by a histopathologist who
was unaware of the treatments. The process was done
using a microscope equipped with a camera to take digital
images from the colon sections. The images were assessed
in terms of histopathological indices like the structure of
tissue, the presence of inflammation, ulcer, edema, necrosis,
and infiltration of leukocytes into the tissue.

Molecular analysis of gene expression (RT-PCR
technique)

The other half of the colon tissue specimens were
stored in a nitrogen tank for molecular evaluations. To
assess the expression of inflammation and apoptosis-
associated target genes (Bax, BCL-2) expression in colon
tissue samples were removed from the nitrogen tank,
and after colon tissue homogenization, total RNA was
extracted from them by using RNA extraction kit. Then
by using random primers and cDNA synthesis kit, their
cDNA were made, and then real-time PCR technique
was performed by using the specific primers of Bax,
and Bcl-2 genes (Table 1). Finally, the frequency of gene
expression ratio in different samples was measured using
a AACT method, and according to the manufacturer’s
instructions, the results were expressed with a diagram
based on the fold change numbers of mRNA expression
of Bax, and BCL-2 apoptotic genes activity in the rats’
colon. Parametric data were expressed as mean + SEM,
and the differences between the groups, by the normal
distribution, were done using one-way ANOVA. Repeat-
ed measures ANOVA analysis was applied to compare
the process of changing variables under investigation.
Statistical analysis was performed using Graph Pad Prism
6 software. The significance level was defined as p < 0.05.

RESULTS

Histopathological assessment

In order to investigate whether oral aloe vera gel has
healing effects on histopathological damage in the colon of
rats with acetic acid-induced colitis, microscopic slide
sections of the colon samples were assessed for histo-
pathological indices such as the structure of tissue, the
presence of inflammation, ulcer, edema, necrosis, and
infiltration of leukocytes into the tissue. These following
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Table 1: Primer sequences used for real-time PCR

mRNA species Primer sequence Primer length
RaBAX F CTGCAGAGGATGATTGCTGA 174bp

Ra BAX R GATCAGCTCGGGCACTTTAG

RaBcl2 F ATCGCTCTGTGGATGACTGAGTAC 134bp
RaBcl2 R AGAGACAGCCAGGAGAAATCAAAC

R-B2m -F CGTGCTTGCCATTCAGAAA 244 bp
R-B2m -R ATATACATCGGTCTCGGTGG

pictures were taken to evaluate the results from the slides
of colon tissue sections in different groups with different
magnification (Figurel). Histopathological results of colon
tissue samples of rats in different groups indicated: In
the control group normal structure was shown with no
symptoms of UC, while in the colitis group with no
treatment, most of the symptoms of UC histopathology
were observed. Sulfasalazine therapy could not improve
the severity of symptoms of UC histopathology, while
aloe vera gel treatment could reduce and heal colon tissue
damages in induced colitis by reducing the severity of
symptoms of UC shown on histopathologic evaluation.

Molecular assessment

In the pathogenesis of UC, increase in production and
secretion of inflammatory mediators and reactive oxygen
species, and infiltration of leukocytes, eventually lead to
inflammation, ulcer, bleeding, intestinal damage, diarrhea,
and induction of apoptosis. In this study, in order to
investigate whether aloe vera gel can reduce apoptosis
in rat’s colon with acetic acid-induced colitis, the mRNA
expression of apoptotic genes was assessed. If this gel is
effective, the expression of pro-apoptotic, Bax mRNA
decreases, and increases in anti-apoptotic BCL-2 mRNA
expression. Bax mRNA expression is shown in chart 1.
In chart 2 the expression of the Bcl-2 mRNA of the prepared
samples is shown in different groups, on the 7%, 14" and
21% days. In the charts, the statistically significant difference
in groups with the control group are shown with * sign.
p value < 0.05 are shown with * and p value < 0.01,
are shown with ** sign. And also statistically significant
difference in the colitis group with no treatment is shown
with # sign. p value < 0.05 are shown with # and p value
<0.01, are shown with # # sign.

Molecular assessments revealed that treatment with
sulfasalazine led to a significant increase in Bax mRNA
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expression compared with the control group over the
7-, 14-, and 21-day periods (the greatest change was in
the 14" day), but showed a significant decrease in Bax
mRNA expression compared with the colitis group with
no treatment in the 21* day. This drug also led to a significant
decrease in BCL-2 mRNA expression compared with the
control group over the 7-, 14-, and 21-day periods but
showed a significant increase in BCL-2 mRNA expression
compared with the colitis group with no treatment in the
21% day.

Molecular assessments revealed that treatment with
aloe vera gel resulted in a significant decrease in Bax
mRNA expression compared with the colitis group with
no treatment, over the 7-, 14-, and 21-day periods, and
resulted in a significant increase in BCL-2 mRNA
expression compared with the colitis group with no
treatment in the 21% day. In this study, aloe vera gel
showed the greatest changes in decreasing apoptosis
induction on the 21 day after treatment.

DISCUSSION

In UC, the impaired immune response of the intestinal
mucosa against environmental factors and pathogens
leads to an increase in production and secretion of
inflammatory mediators, which results in inflammation,
damages in intestinal cells, pain, bleeding, diarrhea, and
induction of apoptosis.'®!” To induce experimental UC,
different methods such as administration of trinitrobenzene
sulphonic acid (TNBS),!” dextran sulfate sodium, and
acetic acid have been used.'® Induction of colitis with
acetic acid is one of the standard experimental models
for creation of UC, which is similar in many histopatho-
logical features to UC in humans including infiltration of
neutrophils, acute inflammation, injuries in mucosal and
submucosal layers, and necrosis in colon tissue."

Given that nutrition and diet can affect the patients
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Fig.1: Representative of the microscopic slide sections of the colon samples in rats: (A) Normal colon sample magnification (x 40),
showed the normal structure of mucosa with an intact epithelial surface, submucosa, and muscular layer. (B) Normal colon sample,
maghnification (x 100), showed the normal structure of layers. (C) Acetic acid-induced colitis with no treatment, magnification (x 40),
showed an inflammatory reaction, presence of ulcer, inflammation, edema, and diffuse infiltration of leukocytes in the submucosal
layer. (D) Acetic acid-induced colitis with no treatment, magnification (x 200), showed inflammation in the submucosal layer with
ulceration and edema. (E) Acetic acid-induced colitis+oral administration of sulfasalazine, magnification (x 40), revealed inflamma-
tory reaction in the serosa layer. (F) Acetic acid-induced colitis+oral administration of sulfasalazine sample, magnification (x 100)
revealed inflammatory reaction with the dominance of lymphocyte and fewer neutrophils with tissue necrosis. (G), (H) Acetic acid-
induced colitis+oral administration of aloe vera gel, magnification (x 40), and (x 100), revealed the improvement of inflammation
and the normal tissue.

with inflammatory bowel disease, the use of natural Antioxidant, anti-inflammatory, antimicrobial, and
compounds for the prevention and treatment of inflam- ~ wound healing properties of these compounds ?' like
matory bowel disease shows an increasing trend.  aloe vera can be involved in the prevention and repair
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Chart 1: The expression of the Bax mRNA in different
groups, over the 7-, 14-, and 21-day periods

of UC and even provide a protective effect on the cre-
ation of inflammation.'®''2!4!15 The anti-inflammatory
effect of aloe vera is associated with a decrease in the
production of nitric oxide that leads to a decrease in the
release of inflammatory mediators like TNF-a and an
increase in anti-inflammatory mediators like IL-10.22%3
Also, aloe vera inhibited the production of PGE- IL-2
and IL-8 responsible for inflammatory reactions.”** The
antioxidant property of aloe vera is due to presence of
various vitamins and minerals in this plant including
vitamin A, E, C, and selenium.? The increase in activity of
antioxidant enzymes, can strongly clear free radicals, like
a-tocopherol that finally leads to a reduction in inflammation
and can accelerate healing and recovery.??’

The glucomannan ingredient in aloe vera, which is a
polysaccharide rich in mannose, and gibberellin can have
interaction with several receptors and increase prolif-
eration of fibroblasts and increase synthesis of collagen
and proteoglycans and consequently accelerate wound
healing. The glycoproteins which are present in aloe
vera can prevent swelling and pain and accelerate the
recovery process.'>*1” Aloe vera not only increases the
amount of collagen in the site of injury, but also changes
the structure of collagen strands, and increases the con-
nections between these strands and consequently accelerates
wound healing.'” B-sitosterol is another compound found in
aloe vera that can increase the expression of vasculoen-
dothelial growth factor (VEGF) leading to an increase
in angiogenesis and a better healing in injured tissue.”®

Considering several studies conducted in treatment
of UC using alternative medicine and natural prod-
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ucts, 236891218 the current study evaluated the effect of
oral aloe vera gel in amelioration of acetic acid-induced
colitis in an experimental model of rat by histopathological
and molecular assessment methods. It was shown that
aloe vera gel could significantly improve the histo-
pathological indexes by reducing inflammation, edema,
necrosis in the injured tissue. This improvement can be
due to antioxidant and anti-inflammatory, antimicrobial,
and wound healing properties of aloe vera that was mentioned
earlier. 22,23,24,25,28,29

Dehury and his colleagues in 2017 investigated the
protective effect of the aqueous leaf extract of aloe vera
in an animal model of experimentally induced colitis
observing improvement in histopathological indices in
the treated group revaeling that the aqueous leaf extract of
aloe vera could have a protective effect in UC.?* Our
findings are in line with the study performed by Keshavarzi
and his colleagues in 2014 assessing the effect of aqueous
extract of aloe vera in gastric acid secretion and colonic
histopathology in experimental UC model induced by
acetic acid in rats. They demonstrated that the treatment
with aloe vera could reduce the severity of histopatho-
logical symptoms.*® In a recent study by increasing the
length of treatment and using more accurate molecular
evaluation methods, opposite outcomes were found. In
Wiener et al.’s study, the researchers emphasized the use
of sulfasalazine to cause worsening of injuries in exper-
imental colitis due to an increase in tissue reactions.’!
Topcu-Tarladacalisir and colleagues demonstrated that
curcumin had beneficial effects on colitis induced by acetic
acid in rats by decreasing the inflammatory responses and
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levels of oxidative stress and apoptotic cell death.*

We showed in the 21* day that apoptosis was significantly
less when compared with the colitis group left without
treatment. Aloe vera in the 21* day was demonstrated
to decrease apoptosis and accelerate healing process in
the intestinal tissue due to a significant reduction in Bax
mRNA expression and a significant elevation in Bcl-2
mRNA expression when compared with colitis group
without treatment. It seems that the reduction of apoptosis
can be due to the antioxidant and anti-inflammatory ef-
fects of aloe vera proved in previous studies, 2> 2324.25.28.29

CONCLUSION

Our study highlighted the evidence for the healing effects
of aloe vera gel on acetic acid-induced experimental model
of UC. These favorable effects were determined with
the improvement of histopathological indices in colonic
tissue and reduction in apoptosis by downregulation of
Bax gene and upregulation of Bcl-2 anti-apoptotic gene.
These findings can be added to the literature when targeting
aloe vera in treatment of UC.
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