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Abstract

The chronicity of inflammatory bowel disease (IBD), the progression of resistant and unpredictable outcomes,
and the disruptive nature of bowel tissue with a disability have all made it a noteworthy challenge for
gastrointestinal (Gl) experts around the world. In addition, Ulcerative colitis (UC) is an incurable, inflammatory
disease that affects the colon and rectum. It is one of the two primary kinds of IBD. The goal of the study is to
evaluate the efficiency of black pomegranate peel ethanolic extract (Punica granatum L.) (BPPE) in curing
colitis induced in rats model by 2, 4 dinitrobenzene sulfonic acid (DNBS). A total 75 female Wistar rats divided
into five equal groups. UC was induced by administration of 15mg/kg B.W of DNBS in 0.25 ml of 50% ethanol
intrarectally to four groups (control positive and 3 treated groups). The fifth group (control negative)
administered 0.25ml of 50% ethanol intrarectally. Six days after DNBS-induced colitis first group (G1) treated
with sulfasalazine 25 mg/kg B.W. TID, PO for 30 days, and another treated groups (G2) and (G3) administrated
BPPE 100 and 200 mg/kg B.W sid PO for 30 days. Control negative administrated distilled water orally for 30
days. Five rats after 2 ,4 weeks of treatment, and the remaining five rats after one week of treatment
withdrawal have been sacrificed from each group. The clinical signs, body weight, colonic tissue macroscopic
score, Gross lesion, histopathological changes, the microscopic score, Malondialdehyde (MDA),
Myeloperoxidase (MPO) were measured. After rectal administration of DNBS, diarrhea, and bloody stools were
observed directly during the experimental periods in control positive group and gradually decreased in the
treated groups with BPEE. The result of macroscopic observation of the colon showed there was a significant
decrease in treated groups (sulfasalazine, BPPE 100mg/kg B.W, BPPE 200 mg/kg B.W) in comparison with
control positive. The gross appearance of colorectal tissue of the experimental groups showed various gross
pathological changes in animals that received a single dose of DNBS demonstrated by extensive mucosal
damage. Four weeks post-treatment the gross changes of sulfasalazine & BPPE-treated rats (200mg/kg) were
less severe compared with lesions of 2 weeks of treatment and characterized by mild thickness with separated
small foci of ulcerative and hyperemic mucosa. Histopathological Finding was represented by various
histopathological lesions in the colon tissue of experimental groups such as severe loss of entire mucosa and
crypts (ulcer). The animals of both groups treated by PBEE 100 and 200 mg/Kg.BW exhibited the colonic
columnar re-epithelization was marked with mild to moderate necrotic and cellular debris covering the mucosal
surface after four weeks of treatment,, However, one week after stopping treatment, re-epithelization was
observed also. It could be concluded that both 100 mg/Kg.BW and 200 mg/Kg.BW of BPPE taken orally for 30
days have the ability to treat ulcerative colitis, however 100 mg/Kg.BW is the superior dosage rate.
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1. Introduction

Inflammatory bowel disease (IBD) is still
one of the most challenging and difficult
disorders to understand in the twenty-first
century (Hadji & Bouchemal, 2022).
Ulcerative colitis (UC) is an inflammatory
disease that affects the colon and rectum.
It is one of the two primary kinds of IBD,
the other being Crohn's disease (CD)
(Roda et al., 2020; Taku et al., 2020).
Ulcerative colitis is associated with a high
patient burden; health-related quality of
life is negatively impacted at some point
for all patients, and persistently for many
patients, by ulcerative colitis due to the
symptoms, psychological suffering, and
interference with social competence that
patients experience (Alatab et al., 2020;
Kaplan et al., 2019). Despite the fact that
over 6.8 million people throughout the
world deal with IBD-related issues every
year, there are currently no viable
medicines available (Jairath & Feagan,
2020). The best treatment approach will
maintain  remission, prevent disease
complications, improve patients' quality of
life, and encourage mucosal repair (Rubin
et al., 2019). Currently available therapies
for inflammatory bowel disease include

amino  salicylic acid  preparations,
glucocorticoids, immunosuppressive
medicines, biological preparations,

surgery(Binienda et al., 2020; Fang et al.,
2018; Kohgo, 2000; Lu et al., 2020;
Nakase et al., 2021; Nishida et al., 2021;
Park et al., 2020). These treatments,
however, come with a wide range of
adverse reactions, some of which may be
very serious (Larussa et al., 2021,
Triantafyllidi et al., 2015). Many people
all over the world depend solely on
alternative medicine. Most of it is derived
from plants or uses plant-based active
substances. There has been a lot of recent
research and financial investment into the
field, and it seems likely that medicinal
plants will continue to play an important
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role in the healthcare system continuing
forward (Alkhatib et al., 2022). The high
cost and side effects of allopathic
medications, as well as the rise of resistant
microbial strains, have led to an increased
interest in  medicinal plants among
researchers (Konaté et al., 2012).

Pomegranate (Punica granatum L.) is a
Middle Eastern plant that belongs to the
Puricaceae family (Rana et al., 2010), It is
one of the top seven fruits with the highest
beneficial properties for people (Pereira et
al., 2016). Pomegranates have an array of
colors, including white, red, and black
(Setiawati, 2014). Pomegranates, both red
and black, were said to have significant
cultural value in Iraq (Morton, 1987). The
significant antioxidant activity in black
pomegranate peel (Chasanah, 2020) have
contributed to their popularity as cure
since many decades for various diseases
(Ghazaleh et al., 2013). Pomegranates are
becoming increasingly prevalent since
their fruits are high in nutritional value and
offer several health advantages (Melgarejo
et al., 2020). Pomegranate has a powerful
anti-inflammatory effects, particularly on
digestive tract inflammation such as UC
(Vugi¢ et al., 2019). It is thought that
pomegranate may minimize IBD-related
epithelial damage and inflammation
(Kusmardi et al., 2022). Moreover,
pomegranate peel has historically been
used to treat a wide variety of medical
conditions including ulcers, inflammation,
microbial infection, brain ischemia,
Alzheimer's disease, erectile dysfunction,
obesity, and cancer (Hou et al., 2019).
Also  pomegranate  have anti-lipid
peroxidation effects because of its capacity
to reduce platelet aggregation, LDL
oxidation, decrease serum cholesterol and
macrophage oxidative state (Hussen, 2014;
Perez-Vicente et al., 2002; Rozenberg et
al., 2006). Pomegranate peel has been
intensively explored in the recent decade
due to its significant phytochemical
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richness and variety (Balli, Cecchi, et al.,
2020; Balli, Tozzi, et al., 2020; Singh et
al., 2018). Notably, the most often cited
groups are represented by phenolic acids
and hydrolysable tannins such as
punicalagin and ellagic acid, because they
are in responsible of mediating the
antioxidant  capacity  and radical
scavenging activity response to a variety
of diseases and inflammations (Akhtar et
al., 2015; Benchagra et al., 2021; Sorrenti
et al., 2019). Black pomegranate has
greater  therapeutic and  nutritional
potential. There are just a few reliable
references regarding this instance in the
literature  (Khorrami et al., 2019;
Mousavinejad et al., 2009).

Hypothesizing a possible effect of
black pomegranate products against
IBD, the purpose of this study is to
evaluate the efficiency of dry whole
pomegranate extract obtained from peel
(mesocarp and epicarp) in curing colitis
induced in rats model.

2. Methods

Experimental protocols were carried out at
the University of Baghdad, Department of

Physiology, Biochemistry, and
Pharmacology, according to the College of
Veterinary Medicine's Scientific

Committee on Animal Welfare on the
date: 28/3/2023 and in the numbered 710.

Experimental design

Adult female Wistar rats were 75 in total,
and they were purchased from an lIraqi
cancer research center. The rats ranged in
weight from 150 to 225 grams and were 6-
8 months old. Animals kept in the animal
house of the Veterinary Medicine College
University of Baghdad in 15 cages (five
rats each cage). Exposed to light for 12
hours per day, with unrestricted access to
food and water, and monitored for 2 weeks
prior to the experiment at a temperature of
20-23 degrees Celsius in an air-
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conditioned room to reduce the effects of
stress.

Black pomegranate peel extract (BPPE)
dosage rates:

BPPE was prepared in our previous
experiment (in press) in which all details
about the characteristics yield extract and
Phytoconstituent have been mentioned. In
this experiment, the dosage rates of BPPE
used were 100mg/kg. B.W and 200mg/kg.
B.W orally (Vanani et al., 2020).

Sulfasalazine dosage rate

Sulfasalazine (Salazopyrin) © (Pfizer,
USA) used at dose 25 mg/kg B.W. orally
(Malewska et al., 2011).

The rats were randomly divided into five
equal groups of 15 rats each: Control
positive (C +ve) induced colitis by
15mg/kg B.W DNBS (BioDuly, China)
/0.25 ml Of 50% ethanol administrated
intrarectally. Control negative (C -ve)
administered 0.25ml of 50% ethanol
intrarectally and given only a vehicle
(distilled water) orally by stainless gastric
gavage needle for 30 days. Group 1: After
DNBS-induced colitis given sulfasalazine
25 mg/kg TID, PO for 30 days. Group 2:
After DNBS-induced colitis  given
100mg/kg B.W of BPPE sid PO for 30
days. Group 3: After DNBS-induced
colitis, given 200mg/kg B.W of BPPE sid
PO for 30 days. Five rats after 2 weeks of
treatment, after 4 weeks of treatment, and
the remaining five rats after one week of
treatment withdrawal have been sacrificed
from each group.

Colitis induction by 2, 4-Dinitrobenzene
sulfonic acid (DNBS)

Colitis was induced by DNBS (BioDuly,
China) according to the method described
by (Barbara et al., 2000) with negligible
changes. DNBS 15mg/kg B.W /0.25ml of
50% ethanol was freshly prepared and
administrated intrarectally by using
polyethylene catheter (PE-90) (Figure 1).
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Figure 1: DNBS administrated intrarectally.

The catheter inserted gently intrarectally,
approximately 8 cm proximal to the anus.
Inject a small amount of the solution into
the catheter to lubricate it and make
insertion easier. Slowly inject 0.25 ml of
DNBS or an equal volume of 50% ethanol

for controls. After injecting the DNBS, the
animals were put in Trendelenburg
position, which referred to in (figure 2) for
2 minutes to avoid reflex action and
reagent loss

Figure 2: Trendelenburg position.

Animals feed with 8% sucrose water in
0.22% saline to avoid dehydration, Weight
monitored to sign weight loss.

Tissue sampling

After the various periods of the experiment
2 and 4 weeks of treatment, and one week
of treatment withdrawal, the rats were
weighed, anesthetized with diethyl ether
(Alpha Chemika, India), and sacrificed.
The abdomen was opened, and distal 8 cm
of each rat's colon was removed and
opened longitudinally and cleaned from
their luminal contents with normal saline
and observed for macroscopic evaluation
for colitis then were cut into two pieces.
One piece fixed for histological staining
was immersed in 10% formalin. The
second piece was froze for assessment of
oxidative stress biomarkers

Macroscopic and
assessments of colitis:

microscopic
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Macroscopic assessment
scoring is carried out through the
examination of colonic samples

by the naked eye. The
macroscopic damage scored on a

0- to 6-point scale based on the

system according (Fornai et al.,

2006).

Microscopic assessment scoring: The
microscopic damage and inflammation
were assessed by light microscopy on
hematoxylin/eosin-stained histological
sections obtained from colon specimens.
Histological criteria according (Fornai et
al., 2006).
Assessment  of
biomarkers
Evaluation of tissue Myeloperoxidase
tissue assay. (Bioassay Technology
Laboratory/ Rat  myeloperoxidase
ELISA Kit/ Cat. No E0574Ra) (Bioassay
Technology Laboratory mpo,
n.d.).Myeloperoxidase (MPQ) levels in

oxidative stress
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colonic tissues determined and assumed as
a quantitative index to estimate the degree
of mucosal infiltration by polymorph
nuclear cells.

Evaluation of tissue Malondialdehyde.
(Bioassay Technology Laboratory/ Rat
Malondialchehyche ELISA Kit/ Cat. No
E0156Ra) (Bioassay Technology
Laboratory, 2017).

Malondialdehyde (MDA) concentration in
colonic specimens evaluated to obtain a
quantitative estimation of membrane lipid
peroxidation.

Statistical Analysis

Two-way ANOVA was used to analyze
the data using SPSS version 26 (SPSS Inc)
software. The LSD option was used to
determine  group  differences, and
significance was announced at p < 0.05.
The results were presented as mean +
standard error (mean + SE).

3. RESULTS
Assessment of the effect of Black

pomegranate peel Ethanoic extract, on
ulcerative colitis
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Clinical signs observation:

Diarrhea and bloody stools (figure 3) were
observed immediately following rectal
administration of DNBS sn treated groups
the appearance of stools changing to liquid
pellets, then partially formed pellets to pasty
at 2 weeks of treatment, and finally to
normal after 3 weeks of treatment.
Dehydration, abdominal discomfort, back
arching, lethargy, anorexia, consuming
major quantities of water, rough hair coat,
dullness, calmness, move little and sat
hunched over were other clinical indications
reported in all experimental groups. These
clinical symptoms persisted in the control
positive group until the end of the study,
while treatment groups improved gradually.
Recovery assessed by end of diarrhea and
hematochezia, weight stability, and return to
normal activity levels. After 4 weeks of
therapy, there were no differences in rat
weight changes or stool consistency

between the control, negative, and treated
groups (Sulfasalazine, BPPE 100,200 mg/kg
B.W).

Figure 3: Diarrhea after DNBS administration.

Macroscopic scoring of colonic tissue of
the experimental animals:

The result of macroscopic observation of
the colon illustrated in (figure 5), exhibited
there were a significant P < 0.05 decrease
in the treated groups (sulfasalazine, BPPE
100mg/kg B.W, BPPE 200 mg/kg B.W) in
comparison with control positive. and
there were no significant P < 0.05

Eur. Chem. Bull. 2023, 12 (S2), 1779 — 1802

differences  between treated groups
(sulfasalazine, BPPE 100mg/kg B.W,
BPPE 200 mg/kg B.W) when compared
with the control negative group especially
after 4 weeks of treatment. All treated
groups (sulfasalazine, BPPE 100mg/kg
B.W, BPPE 200 mg/kg B.W) showed a
significant P < 0.05 decrease in
macroscopic score after 4 weeks of
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treatment and 1 week of treatment
withdrawal when compared with the result
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after 2 weeks of treatment.
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Figure 5: macroscopic of experimental animals(Rats) treated by vehicle, DNBS, sulfasalazine
and 100,200 mg/Kg.BW of Black pomegranate peels ethanolic extract orally for four weeks
and one week of treatment withdrawal.

AE Significant differences at level p<0.05
between groups.

&¢ Significant differences at level p<0.05
within groups.

Data as M+SE

LSD =0.30

Gross appearance of colorectal tissue of
rats of the experimental groups

Animals that received a single dose of
DNBS demonstrated extensive mucosal
damage characterized by extensive locally
diffuse thick black-green
pseudomembranous  necrotic  lesions
(ulcerative colitis) (Figure 6). Whereas
colon of the animals that received DNBS
and were treated with sulfasalazine had
marked thick multifocal to coalescing
black-green  foci of ulcerated and
hemorrhagic  mucosa  (Figure  6).
Interestingly, the colon of the DNBS-
injected rats treated with BPPE of both
doses 100 and 200 mg/Kg B.W showed
moderate thick multifocal ulcerated and
diffuse hyperemic mucosa (Figure 6). Four

Eur. Chem. Bull. 2023, 12 (S2), 1779 — 1802

weeks post-treatment, the positive control
group showed thick multifocal colored-
necrotic foci as seen at 2 weeks (Figure 7).
While the gross changes of sulfasalazine &
BPPE-treated rats (200mg/kg) were less
severe compared with lesions of 2 weeks
of treatment and characterized by mild
thickness with separated small foci of
ulcerative and hyperemic mucosa (Figure
7). In the current study unexpected
significant result appeared in rats treated
with 100mg/kg of BPPE and these
significant results showed, the mucosal
thickness of this group was similar to the
mucosal thickness of the negative control
group regarding thickness and no obvious
gross foci of mucosal damage (Figure 7).
At the end of the experiment post 1 week
of treatment withdrawal, the results of the
positive control group showed fewer
changes compared to 2 and 4 weeks,
lesions  characterized by  moderate
thickness with multifocal necrotic foci and
hyperemic mucosa (Figure 8). While
sulfasalazine & BPPE-treated rats showed
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no significant gross changes as seen in the negative control (Figure 8).
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Figure 6: Representative gross image of the colon 2 weeks of treatment post-induction of
ulcerative colitis in rats. Negative control (-ve), positive control (DNBS injection at
15mg/kg/intrarectally) (+ve), sulfasalazine treated group (25 mg/kg B.W/orally) (G1), BPPE
treated group (100mg/kg/ orally) (G2), BPPE treated group (200mg/kg/ orally) (G3).

Figure 7: Representative gross image of colon 4 weeks of treatment post-induction of
ulcerative colitis in rats. Negative control (-ve), positive control (DNBS injection at
15mg/kg/intrarectally) (+ve), sulfasalazine treated group (25 mg/kg B.W/orally) (G1), BPPE
treated group (100mg/kg/ orally) (G2), BPPE treated group (200mg/kg/ orally) (G3).

- +
ve ve G1

i

Figure 8: Representative gross image of colon 4 weeks of treatment + 1 week of withdrawal
post-induction of ulcerative colitis in rats. Negative control (-ve), positive control (DNBS
injection at 15mg/kg/intrarectally) (+ve), sulfasalazine treated group (25 mg/kg B.W/orally)
(G1), BPPE treated group (100mg/kg/ orally) (G2), BPPE treated group (200mg/kg/ orally)
(G3).
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Microscopic scores in the colonic tissue
of the experimental animals:

The results of microscopic scores in the
colonic tissue illustrated in (Figure 9),
showed that all treated groups
(sulfasalazine, BPPE 100mg/kg B.W,
BPPE 200 mg/kg B.W) showed a
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significant P < 0.05 decrease when
compared with the control positive. It’s
worth mentioning the group 2 (BPPE 100
mg/kg B.W) was superior to another
treated groups (Sulfasalazine and BPPE
200 mg/kg B.W) after 2 weeks and 4
weeks of treatment.
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Figure 9: microscopic finding (histopathology) of experimental animals (Rats) treated by
vehicle, DNBS, sulfasalazine, 100, and 200 mg/Kg.BW of Black pomegranate peels ethanolic
extract orally for four weeks and one week of treatment withdrawal.

AE Significant differences at level p<0.05
between groups.

&¢ Significant differences at level p<0.05
within groups.

Data as M+SE

LSD =0.47

Light Microscopy Findings

Histopathological Finding was represented
by various histopathological lesions in the
colon tissue of experimental groups such
as severe loss of entire mucosa and crypts
(ulcer). Some sections revealed the
mucosa was replaced by areas of
hemorrhage and necrosis in the control
positive group (figure 10). Sulfasalazine
treated group colonic lesions characterized
by area of mucosal loss and coagulative
necrosis area of mucosal loss after two
weeks of treatment (figure 10). While
groups treated with BPPE (100 and 200
mg/kg B.W) revealed mostly wide areas of

Eur. Chem. Bull. 2023, 12 (S2), 1779 — 1802

colonic re-epithelization, organized crypts,
and goblet cells architecture was marked,
some sections showed mild mononuclear
cell infiltration within the lamina propria
and submucosa, crypt abscess, and/or
cystic dilation (figure 10). Later, four and
five weeks post-DNBS control positive
group showed the same lesions as seen
previously at 2 weeks ( figure 11 and 12),
Histopathological examination of group
treated with Sulfasalazine 25 mg/kg B.W
after 4 weeks of treatment showed colonic
columnar  re-epithelization,  organized
crypts and goblet cells architecture was
marked with mild mononuclear cells
infiltrate (figure 11). After one week of
sulfasalazine treatment withdrawal, the
same colonic histological changes as 4
weeks post-treatment were seen but with
no signs of necrosis or sloughed mucosa
(figure 12). While in-group treated with
BPPE (100 mg/kg, B.W) the healing
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process was significantly marked after 4
weeks of treatment and 1 week of
treatment withdrawal which showed most
of the simple cglumna epithelium and
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crypts were completely restored with few
inflammatory cell infiltrations (figure 11
and 12).

Figure 10: Histopathological finding after 2 weeks of treatment.

A: Representative section of the colon of
rats 2 weeks post administrated 0.25 ml of
50% of ethanol intrarectally (negative
control) shows identical histological
features of the colon that composed of
mucosa (m), submucosa (sb), and
muscularis (ms). The simple columnar
epithelium is lining the surface of the
mucosa with no significant changes in
crypts and goblet cells architecture. Mild
mononuclear cells infiltration in the lamina
propria is also seen filling the areas
between the simple tubular straight glands.
The Muscularis layer showed longitudinal
and circular muscle bundles with no
evident lesions (H&E, 10X).

B: Representative histopathological
section of the colon of rats 2 weeks post-
induction of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally) (positive control) shows

Eur. Chem. Bull. 2023, 12 (S2), 1779 — 1802

severe multifocal to coalescing areas of
mucosal and crypts loss, areas of
hemorrhage and necrosis (n). Submucosa
and muscularis are markedly thickened
and disorganized (double headed arrow)
due to massive inflammatory cells
infiltration mainly neutrophils. The edges
of the ulcer show disrupted crypts (c) with
decreased number of goblet cells. Some
crypts collapsed and some are dilated with
desquamated cellular debris in their
lumens. (H&E, 10X).

C: Representative histopathological
section of the colon of rats post-induction
of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally), and treated for 2 weeks
with 25 mg/kg B.W of sulfasalazine,
shows a wide area of mucosal loss and
necrosis (n) are evident where crypt
architecture is destroyed with thickened
submucosa due to the presence of massive
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inflammatory cells infiltration (i) (H&E,
10X).

D: Representative  histopathological
section of the colon of rats post-induction
of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally) and treated for 2 weeks
with 100 mg/kg B.W of black
pomegranate peel ethanolic extract, Shows
mostly wide areas of mucosal re-
epithelization (arrow) with mild necrotic
and cellular debris on the surface,
organized crypts and goblet cells
architecture are marked (c). Moderate
mononuclear cell infiltration within the
lamina propria and submucosa (sb), crypt
abscess and/or cystic (blue arrow) are seen
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Figure 11: Histopatholdg'it;é

A: Representative section of the colon of
rats 4 weeks post administrated 0.25 ml of
50% of ethanol intrarectally (negative
control).

B:  Representative  histopathological
section of the colon of rats, 4 weeks post-
induction of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg

Eur. Chem. Bull. 2023, 12 (S2), 1779 — 1802

Section A-Research paper

due to moderate cellular infiltration (H&E,
10X).

E: Representative histopathological section
of the colon of rats post-induction of
ulcerative colitis with 2, 4- dinitrobenzene
sulfonic acid (15mg/kg B.W intrarectally)
and treated for 2 weeks with 200 mg/kg
B.W of black pomegranate peel ethanolic
extract Show some sort of re-epithelization
with multifocal areas of mucosal loss that
are replaced by moderate of necrotic and
cellular debris on the surface (arrow), and
crypts  architecture  (c) markedly
disappeared. Massive mononuclear cell
infiltration within the lamina propria,
submucosa, and muscular (double-headed
arrow) layer is obvious (H&E, 10X).

e

e

sb

I fi‘nding after 4 weeks of treatment.

B.W intrarectally) (positive control) shows
same lesions as seen previously at 2
weeks. Notice variable degrees of mucosal
loss (arrow), thickened of submucosa and
muscularis with massive submucosal
granulation tissue formation (double-
headed arrow). On the right side of the
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section, crypts architecture is disorganized
(c) (H&E, 10X)

C: Representative  histopathological
section of the colon of rats post-induction
of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally) and treated for 4 weeks
with 25 mg/kg B.W of sulfasalazine shows
mostly diffusely re-epithelization (arrow)
is marked with mild necrotic and cellular
debris covering the mucosal surface,
organized crypts (c) and goblet cells
architecture is marked with mild
mononuclear cells infiltrate within the
lamina propria and submucosa, with no
evidence of submucosal and muscular (m)
layer expansion (H&E, 10X).

weeks with 200 mg/kg B.W of black
pomegranate peel ethanolic extract Show
marked mucosal re-epithelization (arrow)

Section A-Research paper

D: Representative histopathological
section of the colon of rats post-induction
of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally) and treated for 4 weeks
with 100 mg/kg B.W of black
pomegranate peel ethanolic extract shows
recovered columnar epithelium (arrow)
and most crypts (c) are completely
restored with mild inflammatory cell
infiltrations in the lamina propria and
submucosa (sb) (H&E, 10X).

E: Representative histopathological section
of the colon of rats post-induction of
ulcerative colitis with 2, 4- dinitrobenzene
sulfonic acid (15mg/kg B.W intrarectally)
and treated for

obviously restored (c) with moderate
mononuclear cell infiltration within the
lamina propria and submucosa (sb) (H&E,

and major crypts architecture are 10X).
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Figure 12: Histopatholdgicél finding after 4 weeks of treatment and 1-week withdrawal.

A: Representative section of the colon of
rats 4 weeks post administrated 0.25 ml of
50% of
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ethanol intrarectally (negative control).

B: Representative histopathological
section of the colon of rats, 5 weeks post-
induction of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W Intrarectally) shows marked mucosal
desquamation (arrow) that replaced by
inflammatory cells (i) and extravasated red
blood cells (hemorrhage).  Crypts
architecture is disorganized and crypt
dilated as well as are invaded by
inflammatory cells (cryptitis) (c). Mild
thickening of the submucosal layer (sm) is
evident. (H&E, 10X).

C: Representative  histopathological
section of the colon of rat post-induction
of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally) and treated for 4 weeks
and 1-week withdrawal with 25 mg/kg
B.W of sulfasalazine shows  diffusely,
columnar re-epithelization (arrow) is
marked with moderate necrotic and
cellular debris covering the mucosal
surface. organized crypts (c) and goblet
cells architecture is marked with mild
mononuclear cells infiltrate within the
lamina propria and submucosa with no
evidence of submucosal and muscular (m)
layer expansion (H&E, 10X).

D: Representative  histopathological
section of the colon of rat post-induction
of ulcerative colitis with 2, 4-
dinitrobenzene sulfonic acid (15mg/kg
B.W intrarectally) and treated for 4 weeks
and 1-week withdrawal with 100 mg/kg
B.W of black pomegranate peel ethanolic
extract shows simple columnar epithelium
(arrow) and crypts (c) is completely
restored with mild inflammatory cell
infiltrations in the lamina propria (H&E,
10X).

E: Representative histopathological section
of the colon of rat post-induction of
ulcerative colitis with 2, 4- dinitrobenzene
sulfonic acid (15mg/kg B.W intrarectally)
and treated for 4 weeks and 1-week
withdrawal with 200 mg/kg B.W of black
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pomegranate peel ethanolic extract shows
marked recovery of the epithelial lining of
colonic mucosa (arrow) and crypts (c) with
mild mononuclear cell infiltration within
the lamina propria, However, some crypts
are cystic and contain cellular debris (d)
(H&E, 10X).

The concentration of Malondialdehyde
(MDA) and Myeloperoxidase (MPO) in
the colonic tissue of the experimental
animals:

The result of MDA and MPO
concentration in the colonic tissue
illustrated in (figure 13 and 14), showed
there was a significant P < 0.05 increase
MDA and MPO level in experimental
groups (control positive, sulfasalazine,
BPPE 100mg/kg B.W, BPPE 200 mg/kg
B.W) in comparison with control negative
group along the period of the experiment.
except group 2 (100 mg BPPE) after 4
weeks of treatment and 1 week of
treatment  withdrawal ~ showed  no
significant P < 0.05 differences when
compared with the control negative group.
All treated groups (sulfasalazine, BPPE
100mg, and 200mg /kg. B.W) showed a
significant decrease in MDA and MPO
level in comparison with the control
positive group. Both groups treated with
BPPE (100,200 mg/kg B.W) showed no
significant difference in MPO
concentration when compared with control
negative after one week of treatment
withdrawal. While G2 (100 mg/kg B.W)
show no significant difference in MDA
concentration when compared with control
negative group after four weeks of
treatment and one week of treatment
withdrawal.

Interestingly, the animals of group 2
(BPPE 100 mg /kg B.W) showed a
significant P < 0.05 decrease in MDA
level when compared with (sulfasalazine)
and (BPPE 200mg/kg B.W) treated
groups. Also group 2 (BPPE 100mg/kg
B.W) showed a significant P < 0.05

decrease in MPO level after 4 week of
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treatment and 1 week of treatment
withdrawal in comparison with group 1
(sulfasalazine). While the BPPE 200mg/kg
B.W treated group showed no significant P
< 0.05 change in comparison with the
sulfasalazine treated group after 2 and 4
weeks of treatment but exhibited a
significant P < 0.05 decrease after one-
week withdrawal of treatment.

The treated group 2 (BPPE 100mg/kg
B.W) showed a significant P < 0.05
decrease in MDA and MPO concentration
after 4 weeks and 1 week of treatment

Section A-Research paper

withdrawal in comparison with MDA and
MPO concentration after 2 weeks of
treatment. The treated group 3 (BPPE
200mg/kg B.W) showed a significant P <
0.05 decrease in MDA and MPO
concentration after 1 week of treatment
withdrawal in comparison with MDA and
MPO concentration after 2 and 4 weeks of
treatment. Obviously, the treated group 1
(Sulfasalazine) showed no significant P <
0.05 changes in MDA concentration
between 2 weeks,4 weeks, and 1 week of
withdrawal of treatment.
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Figure 13 : Malondialdehyde (nmol/ml) of experimental animals (Rats) treated by vehicle,
DNBS, sulfasalazine and 100, 200 mg/Kg.BW of Black pomegranate peels ethanolic extract
orally for four weeks and one week of treatment withdrawal.

AD Significant differences at level p<0.05 between groups.
&CSignificant differences at level p<0.05 within groups.

Data M+SE
LSD =0.32
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Figure 14: Myeloperoxidase MPO (ng/ml) of control and experimental animals (Rats) treated
by vehicle, sulfasalazine and 100, 200 mg/Kg.BW of Black pomegranate peel ethanolic
extract orally for four weeks and one week of treatment withdrawal.

AE Significant differences at level p<0.05
between groups.
&¢ Significant differences at level p<0.05
within groups.

4. DISCUSSION

Ulcerative colitis is incurable, relapsing, and
remitting intestinal disease that often
requires lifelong treatment usage to maintain
remission (Lee, 2020). UC is also
accompanied with a high economic burden
(Fumery et al., 2018). Containing costs in
UC has become challenging due to the
considerable burden of disease. It has been
estimated that the current population
affected with UC will cost the healthcare
system about $377 billion over the years
that they live (Lichtenstein et al., 2020).
There are currently several therapeutic
strategies for treating IBD, but they are
associated with several adverse effects, In
addition, some patients do not respond to
treatment at all or lose response to the drug
over time. therefore; there is an ongoing
search for new therapies that may be
beneficial in treating these chronic
diseases (Lichtenstein et al., 2009),

In this sense, interest in the use of plant
products for treating IBD has increased (H
Farzaei et al., 2015; Zorrilla et al., 2014).
Particularly those rich in phenolic
compounds, which have a variety of

Eur. Chem. Bull. 2023, 12 (S2), 1779 — 1802
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bioactivities including antioxidant activity,
being able to act on different targets of the
inflammatory process, and protect the
tissue microenvironment from oxidative
stress (Da Silva et al., 2018).

Antioxidants play an important role in the
oxidation of oxidative stress induced by
free radicals in biological cells (Lazeeza,
2021). The antioxidant and antibacterial
activities of medicinal plant extracts may
be related to their high phenolic content
(Hussein et al., 2020). Phenolic chemicals
are very powerful antioxidants that may
neutralize free radicals and their cytotoxic
effects, and thus play a significant role in
health (Salimi et al., 2011).

In this study, black pomegranate was
highlighted as a potential treatment option
for  inflammatory = bowel  diseases.
Pomegranate has gained popularity due to
the abundant bioactive chemicals and the
various secondary metabolites it contains.
It has promising biological properties that
have been linked to the numerous elements
that are found in edible and non-edible
parts of the fruit, including antibacterial,
antifungal, anti-inflammatory, antioxidant,
anticancer, Antimicrobial and wound-
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healing activities (Al-Dhaher, 2013;
Alkhatib et al., 2022; Hadab & Dakheel,
2022; Hassan, 2004; Salim et al., 2022).
These finding is inconsistent with what
that have been found in GCMS analysis of
BPPE in our previous experemnt(in press),
when there are several phytconsistents
possessing  anti-oxidant  ability like
Phenols, alkaloids, furans. The antioxidant
activity of red pomegranate peel, white
pomegranate peel, and black pomegranate
peel is potent (Chasanah, 2020). There is a
strong correlation between the phenolic
compound content and total antioxidant
capacity (Hooks et al., 2021). Black
pomegranate is known to be a good source
of phenolic compounds that are rich in
antioxidants, so its antioxidant activity is
very strong which is linked to potential
health benefits (Vanani et al., 2020). A
scientific research studies among different
P. granatum L. varieties (Black, White,
and Red skin fruit) showed that black skin
fruit has the highest amount of phenolic
compounds, total anthocyanin, and
antioxidant properties (Bayati & Asadi-
Gharneh, 2019). In addition, Black
pomegranate peel extract contains active
compounds, including flavonoids,
saponins, and tannins (Achmad et al.,
2019).This suggests that the most extracts
of pomegranate peel are both anti-
inflammatory and anti-ulcerogenic. Taken
together, the results can provide an extra
income and may contribute to have good
nutritional  values of this product
(Ghazaleh et al., 2013).

Fortunately, these studies confirmed the
presence of antioxidant compounds in
black pomegranate peels extract especially
since  these  substances  (phenolic
compounds and flavonoids) have proven
their antioxidant effect, which confirms
the ability of pomegranate peel extract to
treat colitis. and this corresponds to the
data of the therapeutic doses of
pomegranate peel extract, that were used
in the current experiment in terms of the
disappearance of ulcers in the colorectal
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tissue and its return to its normal
appearance, as well as a decrease in
parameters indicative of oxidative stress.
The experimental rodent model of DNBS-
induced colitis is well documented
previously (Morris et al., 1989). The
DNBS-induced colitis is a model of bowel
inflammation  characterized by body
weight loss, diarrhea, ulceration, bleeding,
depletion of goblet cells, and formation of
granulomas within the gut wall (Jurjus et
al., 2004). In this model, oxidative damage
is also known to play a significant role in
the development of tissue injury occurring
within a few days from DNBS
administration (Elson et al., 1995).
Therefore, after inducing colitis by DNBS,
the parameters that can be analyzed
include changes clinical symptoms,
changes in colonic cytoarchitecture, and
MPO and MDA  concentrations
(Cuzzocrea et al., 2001; Joshi et al., 2011;
Martin et al., 2017; Wirtz et al., 2007).
This confirms the validity of our choice of
the model of the current experiment.

The estimation is of significant in
confirmation the role of oxidative stress in
arising and progression of IBD. since
Studies have now confirmed an elevated
level of MDA (a lipid peroxidation
product, is a naturally occurring immune
adjuvant  implicated in  promoting
autoimmunity and inflammation) in
patients with IBD (Barbosa et al., 2003;
Chiarpotto et al., 1997; Forrest et al., 2003;
Kruidenier et al., 2003; Levy et al., 2000).
Although studies have shown that MDA
concentrations can be elevated in both, the
patients with UC and CD compared with
normal (Bouzid et al., 2013), MDA was
found to be increased in rats treated with
DNBS (Cuzzocrea et al., 2001). This is
consistent with the finding of presence
study when there is a prominent elevation
in MDA in the colon tissue of rat that have
induce IBD by DNBS.

Oxidative damage to intestinal mucosal
cells and aggravation of inflammatory
reaction have been proposed as two
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significant mechanisms of oxidative stress
involved in the pathophysiology of IBD
(Sartor, 2006).

MDA levels increased in patients with UC.
This would suggest that lipid peroxidation
could have an important role in the
pathogenesis of UC (Baskol et al., 2006).
Colonic inflammatory status is closely
related to forming reactive compounds
from activated neutrophils and phagocytes,
and by generating oxidative stress; this
may be a mechanism underlying the
pathophysiology of IBD (Alzoghaibi,
2013). The attack of reactive oxygen
species on polyunsaturated fatty acids
from cellular phospholipid membranes can
progress with the formation of peroxyl
radicals, which attack the membrane and
lead to the destruction of its structure.
Secondary products are formed during this
process, such as MDA, a dialdehyde that
can be detected in biological samples and
is widely used to assess oxidative stress
(Gaschler & Stockwell, 2017; Hussain et
al., 2003).

Thus, decreased MDA levels at tested
doses of the BPP extract demonstrate its
antioxidant potential, since there is a
significant improvement of oxidative
stress status in the experimental animals
that have exposed to various dosage rate of
BPPE along the period of this study. The
supplementation with BPPE reduces MDA
levels, and the phenolic compounds of
BPPE may play a protective role by
binding to lipid peroxidase.

Vanani et al, (2020) suggested that
antioxidant-rich BPPE shows a protective
effect against oxidative hepatotoxicity
induced by t-BHP in Wistar rats. The
BPPE demonstrates potency to reduce the
level of liver marker enzymes, prevent
lipid peroxidation, and adjust changes in
antioxidant enzyme activity (Vanani et al.,
2020).

Pomegranate tannins play a protective role
against gastric ulcers. Its antiulcer effect is
related to the increased secretion of
adherent mucus and free mucus from the
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stomach wall. This may inhibit the
generation of oxygen-derived free radicals,
decrease the consumption of glutathione
peroxidase and superoxide dismutase, and
maintain the content of nitric oxide at a
normal level (Lai et al., 2009). The
antiulcer effect of BPEE was evident
through the improvement of the
macroscopic and microscopic appearance
of colon tissue and disappearance of ulcers
and necrotic lesions, as well as the re-
epithelialization tissue in the animals that
were treated with the BPEE compared to
the animals that were not treated, as well
as the animals that were dosed with
sulfasalazine treatment.

Myeloperoxidase (MPO) levels are often
used to quantify neutrophil functions and
activity in inflamed tissues (Laroui et al.,
2012; Tran et al., 2007).

Neutrophil infiltration is an indicator of
oxidative stress that could be assessed by
myeloperoxidase (MPO) activity, is one of
the most abundant enzymes in azurophilic
granule of neutrophils and monocytes,
determination (Liu et al., 2011). In colitis,
the activity of MPO in colonic tissue is a
marker of neutrophil infiltration that
damage the mucosal macromolecules and
increase the mucosal disruption and
ulceration (El-Abhar et al., 2008).

Tissue MPO activity, which is directly
related to the number and activity of
myeloid cell infiltrates in the inflamed
tissue, was assayed to monitor the degree
of inflammation (Bradley et al., 1982; J.
W. Smith & Castro, 1978). An increase in
leukocyte adhesion and accumulation in
colon tissues as well as an increase in
MPO activity is typically observed during
IBD and in experimental animal models as
DNBS-induced colitis.

Treatment with BPPE significantly
reduced MPO levels in DNBS rats when
compared to the DNBS group. Therefore,
in this study, the anti-inflammatory effects
of Black pomegranate presents bioactive
compounds such as phenolic compounds,
flavonoids, saponins, and tannins and it
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was described as presenting
pharmacological  properties such as
antioxidant, anti-carcinogenic, and anti-
inflammatory activities.

The results found in this study demonstrate
the therapeutic effect of BPPE in the acute
colitis model induced by DNBS.
Administration of BPPE caused a marked
reduction in macroscopic colonic damage,
with a decrease in inflammation along the
colonic tissue being evidenced in the
histological study, reduced colonic tissue
MDA and MPO levels.

The intestinal anti-inflammatory activity
of the BPPE at dosage tested 100 and 200
mg/kg B.W. can be attributed to its rich
phenolic content.

Toxicity tests are needed to assess the
safety of the drug, or ingredients used as
supplements or food (Makiyah &
Tresnayanti, 2017). Range finding study
that has carried out in the present study
confirmed the safety of BPEE, since there
are no morbid and mortal animals have
been observed.

Black pomegranate peel extract rich with
bioactive compounds like phenolic
compounds, flavonoids, saponins, and
tannins (Achmad et al., 2019; Chasanah,
2020; Vanani et al., 2020).Because the
antioxidant capacity of pomegranate peel
extract is 10 times higher than the pulp
extract (Ghazaleh et al., 2013). All waste
parts of the pomegranate fruit, such as the
peel can be processed into value-added
products with industrial, medicinal, and
cosmetic value (Dhumal et al., 2014).
Differences in the content of total phenols,
tannins and flavonoids could be explained
by different extraction conditions (type of
the  solvents,  extraction  method,
temperature, duration of the extraction).
To our knowledge, no study has been
conducted to evaluate this therapeutic
effect of BPPE in UC. In previous study,
Moghaddam et al., (2014) evaluated
antiulcerogenic effects of black
pomegranate peel methanol extract on
ulceration induced by 80% ethanol, they
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confirmed the pretreatment with all three
peel extracts (25, 50 and 100 mg/kg) for
15 days protected the gastric mucosa
against the damage induced by 80 %
ethanol. The treatment by black peel
pomegranate 50 and 100 mg/kg group
were protected from intraluminal bleeding.
It was evident that 50 mg/kg dosage of
black peel cultivar markedly inhibited the
peptic ulcer, compared with ethanol-
induced gastric ulcer. There was an
apparent decrease in the infiltration of
polymorph  nuclear leukocytes and
hemorrhage after administration of black
peel extracts (50 mg/kg) (Moghaddam et
al., 2014).

In another study, the aqueous extract of
pomegranate peel showed a gastro
protective effect in rats with ethanol-
induced gastric lesions (Colombo et al.,
2013), The simultaneous administration of
ethanol and pomegranate peel significantly
decreased gastric lesions and ulcer index.
In addition, Pomegranate juice protects the
liver from oxidative damage, according to
Ali and Al-Okaily, (Ali & Al-Okaily,
2016).

Recently, others have also reported that
pomegranate and other fruit-derived
polyphenols were effective at reducing
inflammation and pathology in
chemically-induced colitis (A. D. Smith et
al., 2020). In addition, Nayak et al., (2013)
have shown that animals treated with
pomegranate extract epithelialize faster
than their controls and that the wound
area was 95% smaller than in the controls
area (Nayak et al., 2013). It could be
concluded that Black pomegranate peel
ethanolic extract administration for 30
days has a potential role to overcome
ulcerative  colitis,  specifically, 100
mg/Kg.BW is superior to 200 mg/Kg.BW.
It could be concluded that both 100
mg/Kg.BW and 200 mg/Kg.BW of BPPE
taken orally for 30 days have the ability to
treat ulcerative colitis, however 100
mg/Kg.BW is the superior dosage rate.
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