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Background: Aegle marmelos (AM) fruit has been advocated in indigenous system of medicine
for the treatment of various gastrointestinal disorders, fever, asthma, inflammations, febrile
delirium, acute bronchitis, snakebite, epilepsy, leprosy, myalgia, smallpox, leucoderma, mental
ilinesses, sores, swelling, thirst, thyroid disorders, tumours and upper respiratory tract infections.
Objective: The objective of this study was to study the curative effect of 50% ethanol extract
of dried fruit pulp of AM (AME) against 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced
experimental colitis. Materials and Methods: AME (200 mg/kg) was administered orally, once
daily for 14 days after TNBS-induced colitis. Rats were given intracolonic normal saline or TNBS
alone or TNBS plus oral AME. AME was studied for its in vitro antibacterial activity against
Gram-negative intestinal bacteria and on TNBS-induced changes in colonic damage, weight
and adhesions (macroscopic and microscopic), diarrhea, body weight and colonic levels of free
radicals (nitric oxide and lipid peroxidation), antioxidants (superoxide dismutase, catalase and
reduced glutathione) and pro-inflammatory marker (myeloperoxidase [MPQ]) in rats. Results: AME
showed antibacterial activity against intestinal pathogens and decreased colonic mucosal damage
and inflammation, diarrhea, colonic free radicals and MPO and enhanced body weight and colonic
antioxidants level affected by TNBS. The effects of AME on the above parameters were comparable
with sulfasalazine, a known colitis protective drug (100 mg/kg, oral). Conclusion: AME shows
curative effects against TNBS-induced colitis by its antibacterial activity and promoting colonic
antioxidants and reducing free radicals and MPO-induced colonic damage.
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INTRODUCTION

In ulcerative colitis, the colon becomes inflamed, often
causing recurring abdominal pain including diarrhea, blood
in the stool and weight loss.! Genetic, immunological,
reactive oxygen species (ROS) and environmental factors
have been reported to play an important role in the genesis
of UC.

Aegle marmelos (AM) (Rutaceae) is known as bael in Hindi
and sripal or bilwa in Sanskrit. AM tree is indigenous to hills
and plains of Indian subcontinent and South East Asian
countries. Fruits are woody-skinned, 5-15 cm in diameter
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and have numerous seeds, embedded in a thick, gluey,
aromatic pulp. Fruit is traditionally used to treat jaundice,
constipation, chronic diarrhoea, dysentery, stomach-ache,
fever, asthma, inflammations, abdominal discomfort,
acidity, indigestion, ulcers, swelling.*? Ethno-medicinal
studies have validated its uses as anti-inflammatory,
antipyretic and analgesic, anti-diarrheal, anti-diabetic,
immunomodulator, antimicrobial, hepatoproctective
and cardioprotective agent.”® The fruit is reported to
contain many bioactive compounds such as carotenoids,
phenolics, alkaloids, coumarins, flavonoids and terpenoids.
It also contain many vitamins and minerals including
vitamin C, vitamin A, thiamine, riboflavin, niacin, calcium
and phosphorus with proven antioxidant activity.*”

The present work is in continuation of our earlier work
on AME where we have shown its curative effects against
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acetic-acid (AA)-induced colitis in rats. The colitis produced
by AA mainly is due to the direct necrotizing effect of AA
leading to chronic inflammatory changes with a subsequent
decrease in antioxidants and increase in free radicals and
myeloperoxidase (MPO).”! The present study evaluates
the curative effects of 50% cthanol extract of dried fruit
pulp of AM (AME) on 2,4,6-trinitrobenzene sulfonic
acid (TNBS)-induced colitis, an immunological model of
experimental colitis in rats to confirm further our earlier
reported curative effect of AME against AA-induced
colitis in rats.

MATERIALS AND METHODS

Animals

Charles-Foster albino rats (180-210 g) of either sex were
obtained from the Central animal house of Institute of
Medical Sciences, Banaras Hindu University, Varanasi.
They were kept in the departmental animal house at
26°C £ 2°C, 44-56% RH and 10:14 h light and dark
cycle for 1 week before and during the experiments.
Animals were provided with standard rodent pellet
diet (Pashu Aahar, Ramnagar, Varanasi) and water was
given ad libitum. “Principles of laboratory animal care,”?
(NIH publication no. 82-23, revised 1985) guidelines
were followed. Approval from the Institutional Animal
Ethical Committee was taken prior to the experimental
work (vide letter No. Dean/2009-10/568 Dated
10.08.2009).

Collection and preparation of extract

AM fruits (Big sized, unripe) were collected during months
of November-March (Ayurvedic Gardens, Banaras Hindu
University). Fruit pulp was cut into small pieces and dried
at room temperature and powdered. 50% ethanolic extract
of AM (AME) was prepared by cold decoction and dried
at 40°C in an incubator and stored at —20°C. The yield
was 12.7% (w/w).

Preliminary phytochemical screening

AME was subjected to qualitative tests for the identification
of carbohydrate, glycoside, alkaloid, protein and amino
acids, phenolic compounds, alkaloids, flavonoids, fixed oil
and fats, tannins, saponins, gum and mucilage, phytosterols
following the standard methods."!

Chemicals

Sulfasalazine (SAZO, 1000 mg tablet, Wallace, Mumbai,
India; SS) and 2,4,6-TNBS (Sigma-Aldrich St. Louis,
MO; USA) and other chemicals and reagents were used of
analytical grade. Muller-Hinton agar and broth (Hi-media,
Mumbai, India) was used for antibacterial activity.
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Induction of colitis and treatment protocol

Colitis was induced by intra-colonic administration of
TNBS (Sigma-Aldrich St. Louis, MO; USA) to 24 h
fasted rat.”! Rats were either given intra-colonic normal
saline (NS, 0.4 ml/rat, negative control) or TNBS
alone (40 mg/0.4 ml of 40% ethanol/rat, control) or TNBS
plus oral AME (test extract) /standard colitis protective drug,
SS (100 mg/kg, SS, positive control drug).'” Oral drugs
were suspended in 0.5% carboxymethyl cellulose (CMC) in
distilled water. CMC/AME /SS was given orally once daily
in the volume of 1 ml/100 g body weight for a period of
14 days after the induction of colitis with TNBS.

Pathology and histopathology

The animals were sacrificed on 15" day of the experiment
with an overdose of ether. Pathological changes
(macroscopic) were seen by examination of 8 cm
distal part of rat colon following 0-10 scale scoring
system.*'”l Colon was examined for sevetity and number
of ulcers in terms of tissue damage score, thickening
and adhesions. A piece of the colon was removed and
fixed in 10% buffered formalin and paraffin embedded
and 4-6 um thick sections. The tissue sections were
stained with H and E stain for histological evaluation and
examined under a microscope.

Diarrhea and body weight
Diarrhea and body weight changes were studied at day 7
and 14 of the experiment.

Antioxidants, free radicals and acute inflammatory
marker

Antioxidants - superoxide dismutase, (SOD); catalase (CAT);
and reduced glutathione (GSH),""" free radicals - lipid
peroxidation (LPO),!" and nitric oxide (NO)"I and
acute inflammatory marker, MPO! and protein,"” were
estimated in mucosal homogenates of rat colon. SOD, CAT
and MPO were expressed as mU/mg protein while GSH,
LPO, NO were expressed as nmol/mg protein.

Antimicrobial activity

Antibacterial susceptibility of AME was done against
intestinal Gram-negative pathogens, Escherichia coli ATCC
25922, Shigella boydii, Shigella sonnei, and Shigella flexneri
following the disk diffusion method"™® while minimum
inhibitory concentration (MIC) was performed by micro
dilution method.!"”

Statistical analysis

The statistical analysis was performed by using unpaired
#-test and one-way analysis of variance and for multiple
comparisons followed by Dunnett’s test.
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RESULTS

Preliminary phytochemical screening

AME indicated the presence of many bioactive compounds
viz. carbohydrate, glycoside, alkaloid, protein, amino acids,
phenolic compounds, alkaloids, flavonoids, fixed oil and
fats, tannins, saponins, gum and mucilage.

Colonic mucosal damage, adhesion and weight

Rats treated with intracolonic NS and oral CMC did not show
any colonic mucosal damage, inflammation or adhesion
and the colonic weight was 158.3 £ 6.4 mg/cm. Intracolonic
TNBS plus oral CMC treated rats showed increased colonic
mucosal damage score (5.17 +0.31, P<0.001),adhesions (5/6
rats, 83.3%) and weight to 248.8 + 6.7 mg/cm (57.2%
increase, P < 0.001) compared with NS group. Rats
treated with oral AME (100, 200, and 400 mg/kg)
dose-dependently showed a reduction in TNBS-induced
colonic mucosal damage score (TNBS control - 5.17 + 0.31)
by 19.9, 67.7 and 72.3% and colonic weight (TNBS
control - 248.8 £ 6.67 mg/cm) by 13.2, 29.1 and 32.1%
respectively (P < 0.1 to P < 0.001). SS-treated rats showed
a decrease in colonic damage score, colonic weight and
adhesions by 77.4% (P < 0.001), 33.5% (P < 0.001) and
80.0% (1/6 rat) respectively compared with TNBS group.
Therefore, an optimal effective dose of 200 mg/kg of
AME was selected for further detailed work.

Macroscopic and microscopic studies

NS rats showed normal colonic structures while, hydropsia,
necrosis, erosion and ulceration were seen in TNBS rats.
AME and SS treatments in TNBS-induced colitis rats
showed a reduction in the severity of hydropsia, necrosis
and ulceration compared with TNBS alone [Figure 1a-d].
Histology of colon of NS rats showed normal structure
with intact mucosa, submucosa and muscularis externa.
TNBS colitis rats showed eroded mucosa, crypt destruction
with severe cryptitis, lymphoplasmacytic infiltrate and
transmural inflammation while, TNBS-induced colitis
rats treated with AME or SS showed improvement
in the structures with near intact lamina propria with

mild lymphoplasmacytic infiltrate and submucosa with mild
lymphomononuclear aggregate [Figure 2a-d].

Effect on diarrhea

TNBS rats showed an increase in fecal output (control
output - 2.33 + 0.13 g/100 g body weight) from
the beginning of experiment (day 0) to 49.4% and
57.5% (P < 0.01) at day 7 and 14 respectively. AME rats
showed an increase in fecal output by 27.8% (P < 0.05)
and 16.9% (P < 0.001) from day 0 indicating a decrease in
fecal output by 21.6% and 40.6% compared with TNBS
group at day 7 and 14 respectively. SS treated rats showed
an increase in fecal output by 37.4% and 15.8% (P < 0.001)
from day 0 indicating a decrease in fecal output by 12.0%
and 41.7% compared with TNBS group at day 7 and 14
respectively.

Effect on body weight, food, and water intake
TNBS-treated rats showed a decrease in body
weight from 199.4 + 2.19 g at day 0 to 182.8 £ 3.77
(8.3% decrease) (P < 0.01) and 171.1 + 2.71
(14.2% decrease) (P < 0.001) at 7" and 14™ day respectively.
AME-treated rats showed an increase in body weight by
8.9% and 12.5% (P < 0.01) while, SS treated rats showed
an increase in body weight by 10.6% and 16.4% (P < 0.001)
at 7" day and 14™ day respectively from day 0 weight.
Mild or no change was found in the food and water intake
at 7" or 14" day of study amongst the groups.

Effect on antioxidants, free radicals and acute
inflammatory marker

Intracolonic TNBS-treated rats showed a decrease in
colonic mucosal antioxidants, SOD, CAT and GSH and
increase in free radicals, LPO and NO and MPO levels
significantly compared to intracolonic NS rats. AME and
SS treatments after TNBS-induction of colitis reversed
them near to NS group [Table 1].

Antimicrobial susceptibility and MIC
AME (200 mg/ml) showed zone of inhibition = 10.1 mm
while the MIC value ranged from 12.5 to 25.0 mg/ml

Table 1: Effect of 50% ethanol extract of AM fruit pulp and SS on TNBS-induced free radicals,

antioxidants and MPO contents in rat colonic mucosa

Oral treatment Anti-oxidants Free radicals MPO
g’;‘%’kg’ od x SOD (mU/ CAT (mU/ GSH (nmol/ LPO (nmol/ NO (nmol/ MPO mU/
ays) mg protein) mg protein) mg protein) mg protein) mg protein) mg protein
NS+1% CMC 185.4+22.1 3.38+0.21 9.71+0.71 3.81+0.22 4.77+0.25 6.83+0.37
TNBS+1% CMC 43.8+7.09* 1.28+0.06* 5.42+0.37* 10.5+0.62* 10.1+1.25* 60.9+1.42*
TNBS+AME 200 226.7+26.7° 3.21+0.14° 9.17+0.65° 5.71+0.51° 5.76+0.22° 15.6+1.84°
TNBS+SS 100 234.5£17.2° 3.19+0.22° 8.03+0.41° 4.78+0.64° 5.57+0.39° 17.0£2.19¢

Results are mean+SEM (n=6).*P<0.001 compared to respective NS group (unpaired t-test) and °P<0.01, ‘P<0.001 compared to respective TNBS group (one way ANOVA
followed by Dunnett’s test). NS: Normal saline; CMC: Carboxymethyl cellulose; LPO: Lipid peroxidation; NO: Nitric oxide; SOD: Superoxide dismutase; CAT: Catalase;
GSH: Glutathione; MPO: Myeloperoxidase; AM: Aegle marmelos; SS: Sulfasalazine; TNBS: 2,4,6-trinitrobenzene sulfonic acid
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Figure 1: Macroscopic study of rat colonic mucosa. (a) Macroscopic
changes seen in normal saline enema treated colon with oral
carboxymethyl cellulose (CMC) showing normal morphology and
(b-d) macroscopic changes seen in the colon of 2,4,6-trinitrobenzene
sulfonic acid-induced colitis (b) treated with oral CMC showing necrosis,
erosion, hydropsia and ulceration and (c) and (d) treated with AME
and SS respectively showing a reduction in ulceration, hydropsia,
erosion and necrosis

against intestinal bacteria, F. coli, S. sonnie, S. boydiz, and
S. Flexcneri.

DISCUSSION

Presently, we have now tried to justify the curative
effect of AME in colitis using another immunological
model of colitis induced by TNBS.”” TNBS has been
reported to induce chronic inflammation of long
duration with changes in inflammatory mediators
such as eicosanoids (prostaglandins, leukotrienes and
platelet-activating factor), acute inflammatory marker,
MPO and interleukins.?"! TNBS-induced immunological
inflammatory changes led to hydropsia, necrosis, erosion
and ulceration in colonic tissue as indicated by an increase
in colonic mucosal damage score, adhesions and colonic
weight. Histology of the colon indicated epithelial
necrosis and inflammatory cell infiltration. Rats showed an
increase in diarrhea after induction of colitis with TNBS.
This could be due to alterations in epithelial function
produced by products released from activated mast cells
due to damaging effects of TNBS.P! We also found a
decrease in body weight without any alteration in the food
and water intake, which could be due to changes in the
gastrointestinal absorptive functions treatment with AME
reduced the damage both macroscopic and microscopic
induced by TNBS. This was followed by an increase in body
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Figure 2: Photomicrographs of the rat colon (H and E, x100)
(a) normal saline + carboxymethyl cellulose (CMC) showing relatively
normal and clear structure with intact mucosa and sub mucosa
(b) 2,4,6-trinitrobenzene sulfonic acid (TNBS) + CMC showing
crypt destruction with severe cryptitis (blue arrow), ulceration with
eroded mucosa (brown arrow), lymphoplasmacytic infiltrate (white
arrow) and transmural inflammation (Yellow arrow) (c) TNBS
+ AME showing regenerative mucosa with mild crypt distortion
and mild lymphoplasmacytic infiltrate in the lamina propria with
edematous submucosa and (d) TNBS + SS showing intact mucosa
with minimal lymphoplasmacytic infiltrate in the lamina propria
(M =Mucosa; SM = Submucosa; LP = Lamina propria; MM = Muscularis
mucosa; ME = Muscularis externa)

weight, decrease in diarrhea, fewer incidences of adhesions
and decreased lymphoplasmacytic infiltration.

TNBS-ethanol starts acute inflammation with the breaking
of mucosal barrier by ethanol and allowing TNBS to cause
more inflammation and other immunological reactions
leading to generation of ROS, MPO, eicosanoids mediators
and cytokines by inflammatory and colonic epithelial cells.
2l Experimental and clinical evidences suggest that the
inflamed colon undergoes substantial oxidative stress
by neutrophils derived oxidants and MPO activity, both of
which contribute markedly to tissue damage during chronic
intestinal inflammation.” Our present study showed a
significant increase in MPO activity in the TNBS group, which
offers a quantitative measure of disease severity and a method
of assessing drug efficacy in animal models of intestinal
inflammation.? Animal models of colitis, such as rodents
exposed to TNBS exhibit increased oxidation and LPO during
initiation of colitis.”® Oxidative stress and its consequent
LPO could aggravate free radicals chain reactions, disrupt
the integrity of the intestinal mucosa barrier, and activate
inflammatory mediators.” Increase in ROS production and
impaired antioxidant defense mechanisms are postulated to
be causative factors in inflammatory diseases. Colitis has been
found to be associated with an overproduction of NO by the
inducible isoform of NO synthase.” Therefore, decreasing
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of ROS could be an important aim in treatment of colitis
where antioxidants have been postulated to hasten the process
of healing by destroying the free radicals.”” Our work on
free radicals and MPO and antioxidants showed that AME
possessed significant antioxidant activity reducing free radicals
stress and decrease in colonic MPO, which would help to
prevent oxidative damage and promote the healing process.

AM fruit pulp extract showed the presence of important
bioactive compounds such as carotenoids, phenolics,
alkaloids, pectin, tannins, coumarins, flavonoids and
terpenoids. Flavonoids are most commonly known for
their antioxidant activity and reduce LPO not only by
preventing or slowing the onset of cell necrosis, but
also by improving vascularity. Phenolic compounds ate
commonly known for their antioxidant, anti-inflammatory
and antimicrobial activities,-3! while, tannins have been
reported to possess antioxidant, wound healing and
antimicrobial activities.’” Phytochemical study of AME
indicated the presence of phenolic compounds, flavonoids,
tannins, saponins and phytosterols, etc., which have got
important pharmacological effects. Recent research has
also shown that, through overlapping or complementary
effects, the complex mixture of phytochemical in fruits
and vegetables provides a better protective effect on
health than single phytochemical.”” The protective
effects of AME may therefore, be attributed to the
complex mixture of phytochemical present in AME,
which have been reported to have anti-inflammatory,
immunomodulatory and antimicrobial properties.>***

Role of intestinal pathogenic microbes in colitis has
been well-established and it has been shown that the
number of intestinal bacteria in colitis is higher than
normal and increases progressively with disease severity.
The activity exhibited by AME at 200 mg/ml concentration
was = 10.1 mm, which have been considered as effective
antimicrobial dosel'” and this could be due to the presence
of tannins and phenolic compounds in the extract,
which have been reported to have antimicrobial effect.')
However, The complex enteric immune system plays an
important role in interactions between microbial antigens
and immune-competent cells and this is possible that AME
by virtue of its having many active bioconstituents could
enhance the enteric immune system to the advantage of
curing TNBS-induced colitis.

CONCLUSION

Thus, the results of the present study with extract of fruit
pulp of AME do indicate promising healing effects in
TNBS-induced colitis by promoting antioxidants having
a protective effect against tissue damage induced by free

radicals and MPO and it could be attributed to various
active principles present in it.
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