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Abstract: Gastric ulcer is a serious health problem that affects more than 10% of the World's
population. Aspirin is the most common drug causes gastric ulcer also, most of the ulcer drugs have
harmful side effects, so studies have focused on finding an alternative natural solution. This work
provides a natural solution to protect the gut against ulcers, especially aspirin, by using a diet
supplemented with pomegranate peel powder in rats. Levels of active components in pomegranate peel
powder were detected using the certified methods. For the biological evaluation, 21 male rats (weight,
140-170 g) were used in three groups, group (1) is a control, group (2) ulcer group, and group(3) (ulcer
supplemented group). The duration of the evaluation was 4 weeks. Gastric ulcer was produced by
aspirin water suspension (500 mg/kg rat weight). The gene expression of cyclooxygenase-2 (COX-2)
and tumor necrosis factor (TNF-a) were determined by RT-PCR. Pomegranate peel powder (10 %
w/w) reduced the gastric ulcer area and ulcer index, gastric juice volume, and acidity. Pomegranate
powder recovers gastric mucus content and gastric tissue at the histological level. Plasma nitric oxide
production was raised while plasma TNF-a level was diminutive by pomegranate peel powder. The
gastric mucosal TNF-a and COX-2 gene expression were significantly (p< 0.05) down-regulated (2.4
and 12.5 fold-change, respectively) using the pomegranate peel powder. This study introduces
pomegranate peel powder (10%) as a protective food supplement against gastric ulcers.
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1. Introduction

More than 10% of the universal population suffer from gastric ulcers, which is related
to the imbalance between the secretion of hydrochloric acid, pepsin enzyme, blood flow,
prostaglandins, and the presence of stomach bicarbonate [1]. Infection with Helicobacter pylori
is a major effective factor of gastric ulcers. Non-steroid-anti-inflammatory drugs (NSAIDSs),
such as indomethacin and aspirin, are among the most common drugs that cause gastric ulcers
[1]. Many studies reported that 15-40% of chronic NSAIDs users develop ulcers [2]. Likewise,
some other lifestyle factors like alcohol drinking, stress, smoking, and imbalanced diets are
affected directly in causing gastric ulcers [3]. Several antiulcer drugs were used to prevent and
treat gastric ulcers, such as antacids, misoprostol, and proton-pump inhibitor; these drugs have
many side effects such as constipation, dizziness, skin rash, stomach pain, and headache were
happened after using for a short period if it used for a long time, some other effects like
hepatotoxicity and enteric infections may be occurred [2, 4]. A clinical strategy aimed to use a
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selective COX-2 activity inhibitor such as rofecoxib and celecoxib to treat gastric ulcers; the
up-regulation of COX-2 expression consequently leads to inflammation-mediated diseases
such as gastric ulcers [5]. However, patients exposed to a prolonged intake of such drugs
developed cardiovascular disease [4]. Using natural treatments from different plants can
prevent or cure gastric ulcers with fewer or no side effects.

Pomegranate (Punica granatum) was used in ancient times in folk medicine to prevent
or cure many gastric bowel diseases. All parts of pomegranate have many active compounds
such as phenolic compounds (gallagic acid), flavonoids (catechins and quercetin), and
anthocyanidin (cyanidin) [6], which possess many biological effects and are reported to act as
an anti-inflammatory, antihepatic damage, antioxidant, antibacterial and antiulcer [6, 7]. Many
previous studies evaluated the pomegranate peel extract's effects as antioxidant, antimicrobial,
anticancer, antinociceptive, and anti-diabetic [6, 8]. Talaat et al. [9] and Chauhan et al. [10]
reported that the aqueous or ethanol extracts of pomegranate peel have a gastro-protective
effect against either indomethacin or aspirin induced-gastric ulcer model in rats. Ifora et al.
[11] reported that pomegranate rind extract affects inflammation via down-regulating
cyclooxygenase-2 protein expression in ethanol-induced gastric ulcers in rats. The present
study may provide an economical way to prevent, reduce or treat gastric ulcers using
pomegranate peel powder at the level of 10% of the rat diet.

2. Materials and Methods

2.1. Plant material and chemicals.

Pomegranate fruits were purchased from the local market, Cairo, Egypt. Pomegranate
peels were collected, dried in a hot air oven at 40°C, and ground. All chemicals and reagents
were of analytical grade.

2.2. Chemical and antimicrobial evaluation of pomegranate peel powder.

Total phenolic acids and total flavonoids levels were analyzed using the methods of
Saeedeh and Asna [12] and Ordon et al. [13], respectively. Total anthocyanin as cyanidin-3-
O-glucoside was measured according to the method of Sims and Gamon [14]. Radical-
scavenging activity (antioxidant power) of pomegranate peel powder was evaluated using
DPPH according to the method of Lee et al. [15]. The antimicrobial activities of pomegranate
peel powder were studied against seven bacterial strains and three fungal strains (obtained from
the National Research Centre, Cairo, Egypt) using the disc diffusion method according to the
method of Aliakbarlu et al. [16].

2.3. Rats and diets.

Male rats (Sprague Dawley, 140-170 g) were obtained from the Food Technology
Research Institute animal house, Agriculture Research Centre, Giza, Egypt. The animal
experiment was approved by the Agriculture Research Centre Committee and followed the
recommendations of the National Institute of Health Guide for Care and Use of Laboratory
Animals (Publication No-85-23, revised 1985). Animals were housed in cages under controlled
temperature and humidity (23 £ 1°C, 55 £ 5% humidity, and 12-h light: 12-h dark cycle).
Animals were fed either a basal diet or a basal diet supplemented with pomegranate peel
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powder 10%. Diet composition prepared according to AIN-93M diet [17] (Table 1), water, and
food were given ad-libtium.

Table 1. Composition of the experimental diets.

Ingredients Group 1 | Group 2 | Group 3
g/kg

Casein 150 150 150
Sunflower oil 40 40 40
Sucrose 100 100 100
Cellulose 50 50 50
Mineral mixture 35 35 35
Vitamin mixture 10 10 10
Pomegranate peel powder - - 100
Starch 615 615 515
Total 1000 1000 1000

2.4. Experimental design.

Twenty-one male rats were divided into three groups (seven rats for each group) after
the adaptation period (rats were fed on a basal diet for seven days). Group 1 and Group 2
served as normal-control and ulcer-control groups, respectively, rats of both groups fed on
basal diet. Rats in group 3 were fed on a basal diet supplemented with pomegranate peel powder
(10%). The dietary intervention duration was 30 days. On day 31, rats fasted for twenty-four-
hour. A single dose of aspirin water suspension (500mg/kg body weight) [18] was given to
each rat in group 2 and group 3 (oral gavage) to induce ulcer. The rats of the normal control
group received only vehicles. After 6 h of induction, the animals were anesthetized and
sacrificed. Blood samples were collected on heparinized tubes. Plasma was separated by
centrifugation at 3000 rpm for 15 minutes. Hemoglobin was determined using Drabkin's
method [19]. Plasma nitric oxide was determined by nitric oxide colorimetric assay kit [20].
ELISA assay was used to measure tumor-necrosis-factor-o. (TNF-a) in plasma. [21]. Kidney,
liver, heart, and spleen were removed and weighed. The esophageal end was tied then the
stomach was removed. Stomach content was collected then washed with saline. Stomach
content was centrifuged for 10 min at 3500 rpm in order to measure total gastric acid [22],
gastric volume, and gastric pH. The stomach was incised along the greater curvature. Total
ulcerated area (mm?) and the number of ulcers per rat were measured. For histological
examination, stomach parts were fixed in neutral buffered formalin (15%). For mucin
measurement [23] and TNF-a and COX-2 gene expression analysis by real time-PCR, parts of
the stomach were frozen in liquid nitrogen and stored at -80°C.

2.5. Gastric ulcer evaluation.

Ulcer index was calculated using severity score and the number of ulcers per rat
according to Bongu and Vijayakumar [22]. The ulcer severity was scored as follows: 0 no
negative features, 1 gastric tissue with mild histopathological damage, 2 moderate negative
features, and 3 severe negative features. The ulcer index and ulcer protection% were
determined using the formula as follows: Ulcer index= (UN+US+UP) x 10!

Where is: UN=average of number of ulcers per animal, US=average of severity score,
UP=Percentage of animals with ulcers
% Protection = (ulcer indexX control group - UlCEr INDEX treated group)/ UlCEr indeX control group X 100
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2.6. Gene expression of COX-2 and TNF-a.

Total RNA was isolated from gastric tissue (<50 mg) with PureLink®RNA Mini kit
(ambion®L ife technologies™) according to manufacturer’s protocol. A two pg of total RNA
was used to synthesize cDNA with the High capacity cDNA Reverse Transcription kit
(ambion®L ife technologies™) according to the manufacturer’s protocol. Real-time PCR was
performed with a Rotor-GeneQ® MDx instrument. The reaction mixture (25ul) included 1 pl
cDNA, 12.5 pl the SYBR®Green PCR master mix (ambion® Life technologies™) and 0.2 uM
of primers pairs. Primers pairs sequence used were adapted from the literature [24, 25] as
follow COX2-FW (tggtgccgggtctgatgatg), COX2-RW (gcaatgcggttctgatactg); TNF-a-FW (5-
ctgaacttcggggtgattg-3); TNF-0-RW (5-gcttggtgotttgctacgac-3); GAPDH-FW
(gtattgggcgcectggtcacc), GAPDH-RW (cgctcctggaagatggtgatgg). The PCR amplification
condition was 95°C for 10 min, 45 cycles at 95°C for 15 s, at 60°C for 60 s, at 72°C for 15 s.
PCR water was used as a negative control. The relative fold gene expression was calculated
using the delta-delta Ct method [26]; the target gene expression was normalized to GAPDH
expression (housekeeping gene).

2.7. Statistical analysis.

The results were expressed as mean + SD and analyzed using one-way ANOVA
followed by Tukey's comparison test using the SPSS statistical program. Differences were
considered significant at p < 0.05.

3. Results and Discussion

3.1. Chemical analysis and antimicrobial activities of pomegranate peel.

Chemical analysis showed that pomegranate peel powder contains a high concentration
of total anthocyanin, total phenolic, and total flavonoids. Based on DPPH radical-scavenging
activity%, pomegranate peel possessed powerful antioxidant activity, as found in table 2. The
antimicrobial activities of pomegranate peel powder are shown in table 3. The highest zone of
inhibition (13 mm) was recorded against Y. enterocolitica and S. enterica compared with
selected studied bacteria. The second highest zone of inhibition was 10.5 mm observed against
B. cereus. However, pomegranate peel was not active against P. fluorescens, L.
monocytogenes, and S. aureus. A minor effect was detected on E. coli. High antifungal activity
was recorded by pomegranate peel extract (7.5 mm) against A. niger followed by A. flavus (3.8
mm). There was no effect on C. albicans. The negative control was inactive against the selected
studied bacteria and fungus.

Table 2. Total phenolic acids, total flavonoids, total anthocyanins content, and DPPH radical-scavenging
activity% of pomegranate peel powder.

Pomegranate peel
Total phenolic acids (mg GA/g) 410.6+0.82
Total flavonoids (mg QE/g) 18.6+30.09
Total anthocyanins (mg cyanidin-3-O-glucoside /100g) 33.31+0.25
DPPH radical-scavenging activity% 94.4+0.01

Values are mean + SD (n=3); GA: gallic acid, QE: quercetin
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Table 3. Antibacterial and antifungal activities of tested pomegranate peel powder.

Strains Control (sterile distilled water) | Pomegranate peel extract
Zone of inhibition (mm)
Gram-negative bacteria

Escherichia coli 0 55+40.71

Salmonella enterica 0 10.0 +1.41

Pseudomonas fluorescens 0 0

Yersinia enterocolitica 0 13.0+1.41
Gram-positive bacteria

Bacillus cereus 0 10.5+0.71

Listeria monocytogenes 0 0

Staphylococcus aureus 0 0

Fungus

Aspergillus flavus 0 3.8+0.35

Aspergillus niger 0 7.5+0.70

Candida albicans 0 0

Values are mean + SD (n=3). The extracts concentration was 200 mg/ml.
3.2. Animal experiment.

Some nutritional parameters were done with the tested rats to confirm that they were
normal and had no up normal parameters such as initial rats body weights, final body weights,
bodyweight gains, total food intakes, the relative weights of the different organs (heart, kidney,
lungs, and spleen) and the final hemoglobin levels of the tested rat groups. All results indicated
that rats were in good health during the experiments.

3.3. Histological examination.

Macroscopic appearance and histological evaluation of stomachs of different tested rat
groups are presented in figure 1. The macroscopic of opened stomachs of normal control rats
showed a normal morphological appearance (Figure 1A) and hemorrhagic lesions and spots
coagulated blood in the ulcer control group (Figure 1C). Furthermore, the stomachs of the
pomegranate peel powder pre-treatment group were comparable with a normal control group
with minimal lesions in mucosal of gastric (Figure 1E). Histological evaluation of stomachs of
normal control rats revealed the normal histological structure of gastric layers (mucosa,
submucosa, musculosa, and serosa) (Figure 1B). As found in figure 1 (D), administration of
aspirin revealed severe injures, the stomach of ulcer control rats showed focal necrosis of
gastric mucosa-associated with inflammatory cells infiltration as well as submucosal edema
and submucosal inflammatory cells infiltration. Minimal injuries were seen in the pomegranate
peel group revealed the inhibition of the ulcer formation (Figure 1F). Some examined sections
from the pomegranate peel treatment group revealed slight submucosal edema, whereas others
showed no histopathological changes. Pomegranate peel powder treatment showed a
significant reduction in ulcer score (p = 0.0013) (Figure 1G).

3.4. Stomach injury evaluation.

Pomegranate peel powder inhibited the gastric ulcer formation induced by aspirin
(Table 4). Pre-treatment with pomegranate peel powder had a significant (p< 0.05) reduction
in ulcer index by 66.42 % as compared by ulcer control rats and significantly (p<0.05)
decreased the hemorrhagic injuries by 41.6% as well (Table 4). Aspirin administration
increased total acidity and gastric volume and decreased gastric pH and mucin content in ulcer
control rats compared to normal control rats, indicating ulcer formation. The mucin content in
ulcerated tissue of the pomegranate peel powder treatment group was significantly (p<0.001)
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increased by 52.7% (Table 4). Pomegranate peel powder treatment significantly (p<0.001)
reduced the total acidity and gastric volume, while gastric pH was significantly (p<0.001)
increased (Table 4).
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Figure 1. Macroscopic appearance and histopathological examination of the stomach treated with pomegranate
peel powder10%. A&B: Stomach of normal control rats showing the normal histological structure of gastric
layers, C&D: Stomach of ulcer control rats showing focal necrosis of gastric mucosa well as sub-mucosal edema,
E&F: Stomach of ulcer rats treated with pomegranate peel powder 10% showing no histopathological changes,
G: histopathological ulcer score (H & E, x100), Significant values compared to ulcer control**P<0-01, Groupl
(normal control), Group2 (Ulcer control), Group 3 (pomegranate peel).
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Table 4. Ulcer area, index and protection %, gastric juice volume, pH and total acidity, and mucin content in
tested rat groups.

Group 1 Group 2 Group 3
Ulcer area (mm?rat) 0 42.0+27.78a 17.5+8.90b
Ulcer index 0 0.41+0.0.28a 0.14+0.07b
Ulcer protection% 0 0 66.4+0.07
Gastric juice volume (ml) 2.3+0.10a 3.7+0.47b 2.1+0.26ac
Gastric juice pH 3.3+0.56a 2.240.13b 3.8+0.35ac
Total acidity (m Eq/L) 2.840.76a 5.5+1.0b 2.9+0.49ac
Mucin content (ug Alcian blue /g of tissue) 351.8+3.83a 134.8+1.53b 285.4+7.85¢c

Values are mean + SD, The same latter in each raw means non-significant difference; different letter means
significant difference at 0.05 probabilities. Groupl (normal control), Group2 (Ulcer control), Group 3

(pomegranate peel).

3.5. Hemoglobin and inflammatory marker in plasma.

Blood hemoglobin levels didn’t differ among all groups (Table 5). Aspirin

administration in the ulcer control group resulted in a significant (p<0.01) reduction in plasma
nitric oxide (NO) level and significant (p<0.01) induction in plasma TNF-a level compared to
the control group. Plasma TNF-a level was significantly (p<0.05) decreased, and plasma NO
level was significantly (p<0.001) increased when ulcerated rats were pre-treated with

pomegranate peel powder (Table 5).

Table 5. Blood hemoglobin and inflammatory markers of tested rat groups.

Hemoglobin Nitric oxide TNF-a

(g/dl) (umol/L) (pg/ml)
Group 1 13.5+1.07a 34.8+1.91a 17.4+1.43a
Group 2 14.0+1.31a 20.0+4.98b 41.74£3.28b
Group 3 14.6+£1.03a 41.5+4.76ac 23.4+2.78ac

Values are mean * SD, the same latter in each column means non-significant difference; different letter means
significant difference at 0.05 probabilities, Groupl (normal control), Group2 (Ulcer control), Group 3
(pomegranate peel).

1.4 a
1.2

0.8 -
0.6 -
0.4 - b b*
0.2 4

COX-2/GAPDH

Group 1 Group 2 Group 3

1.2 4

0.8
0.6 . b*
0.4

0.2

TNF-o/GAPDH

Group 1 Group 2 Group 3

Figure 2. mRNA expression of COX-2 and TNF- a in mucosal gastric of rats fed on a diet supplemented with
pomegranate peel powder. The mRNA expression of COX-2 and TNF- o is normalized with housekeeping gene
(GAPDH), values are fold change of ulcer control and represent as meanst SD. Significant values compared to
ulcer control*P<0-05 **P<0-01; the same latter means non-significant difference; different letter mean significant
difference at 0.05 probabilities, Groupl (normal control), Group2 (Ulcer control), Group 3 (pomegranate peel).
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3.6. Gene expression of COX-2 and TNF-a.

Gastric mucosal mRNA expression of COX-2 and TNF-a were significantly (p<0.05,
p<0.01, respectively) stimulated in ulcer control rats compared to normal control rats (Figure
2). Pre-treatment with pomegranate peel was significantly (p<0.05) down-regulated gene
expression of COX-2 and TNF-a in gastric mucosal by 91.79% and 57.01%, respectively
(Figure 2).

3.7. Discussion.

Gastric ulcer is a very common disease that affects many people worldwide, especially
those of low socioeconomic levels [27]. The ulcer is caused by the daily consumption of non-
steroid-anti-inflammatory drugs (NSAIDs) and the Helicobacter pylori infection, which
increased gastric acid production and decreased gastric mucus production [1, 28]. Using aspirin
in rats is a good method that is helping in studying factors that produced ulcers, prevented or
reduced the gastric ulcer [29], and the different changes that may happen in some parameters
such as prostaglandins, cytokines, and nitric oxide [30]. Polyphenols rich-plants may control
gastric ulcers by activating antioxidant performance, controlling H. pylori colonization,
balancing the regulation of prostaglandins and anti-angiogenic factors, reducing oxidative
mucosal changes, enhancing endothelial nitric oxide synthase derived NO, and increasing
endogenous mucosal [31].

This work evaluated the effect of the pomegranate peel powder as a polyphenol-rich
plant in controlling and preventing gastric ulcers. The chemical analysis, including the total
phenols, flavonoids, anthocyanins, antioxidant activities, and antimicrobial properties, was
done in pomegranate peel powered. The values of these evaluations were acceptable and
encouraged to apply this pomegranate peel powder at the level of 10% to a diet that provided
to rats (one group) for four weeks, then a dose of 500 mg aspirin /kg-rat-weight were
administrated to the rats as a gastric ulcer inducer, the results were compared with other tested
groups (normal control and ulcer control groups). The present study indicated that pomegranate
peel powder contains high levels of total phenols (as gallic acid) and anthocyanins and has a
high potency as an antioxidant, natural plant; this agrees with the findings previously described
by Morea and Arya [32]. Also, the antimicrobial effects of the pomegranate peel powder were
tested, and results showed that pomegranate peel powder has an inhibitory effect against Gram-
positive, Gram-negative bacteria, and fungi. These results are in agreement with the previous
reports except that S. aureus was resistant against pomegranate peel [33], which might be due
to using less concentration in the current study compared to previous studies.

Synthetic NSAIDs like aspirin cause mucosal damage by interfering with prostaglandin
synthesis, increasing acid secretion, and blocking the diffusion of H+ [34, 35]. In this study,
aspirin 500 mg/kg increases gastric acidity. Still, treatment with pomegranate peel powder 10%
showed a significant decrease in titratable acidity and gastric volume than the ulcer control rats
without pomegranate peel powder 10%. The results of macroscopic appearance and
histopathological examination of the stomach confirmed the health effects of pomegranate peel
powder at the level 10% on controlling stomach ulcer since the rats fed with a diet
supplemented with pomegranate peel powder 10% showing normal mucosal layer with slight
submucosal edema in some sections, and a significant reduction in histopathological ulcer
score, this result in agreement with the result of Abd el-Rady et al. [34].
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The interruption of prostaglandin synthesis results in impairment of mucosal damage
repair, thus facilitating mucosal injury [36]. Prostaglandins are produced by cyclooxygenase
(COX-1 and COX-2) enzymes from arachidonic acid. NSAIDs, especially aspirin, can result
in a mucosal injury by inhibiting mucosal COX-1 activity and depleting mucosal
prostaglandins levels (PGE2) [37]. Aspirin and other NSAIDs administration increase the
expression of COX-2 in gastric mucosal [38]. COX-2 is an inducible enzyme and mediator for
inflammatory processes and is associated with the formation of pro-inflammatory
prostaglandins (PGI2) under pathological conditions [39]. Inhibition of COX-2 is an anti-
inflammatory target in ulcer healing. COX-2 is up-regulated by inflammatory stimuli, growth
factors, and cytokines such as TNF-o [40]. The gastric mucosa injures after aspirin
administration is complemented with up-regulation of TNF-a expression [41]. Previous studies
have shown that polyphenolic compounds in pomegranate (e.g., kaempferol and Punicalagin)
decrease pro-inflammatory cytokines expression as TNF-ao [42]. These findings demonstrate
that pomegranate peel powder exerts antiulcer and anti-inflammation effects through the
reduction of COX-2 and TNF-a gene expression.

It has been stated that NO modulates gastrointestinal mucosal defense, mucus,
bicarbonate, gastric blood flow, epithelial barriers, and angiogenesis promotion and is also
involved in the pathogenesis of gastric mucosal injury [43]. Nitric oxide is produced by
different isomers of nitric oxide synthase (NOS), endothelium NOS (eNOS), inducible NOS
(iNOS), and neuronal NOS [44]. NO derived from eNOS isoform exerts cytoprotective effect
against gastric damage by NSAIDs; however, NO derived from iNOS exert inflammation and
ulcer effect [45]. Aspirin administration depleted gastric-mucosal protective mediators; mucin
and nitric oxide in the present study. The reduction of NO level after aspirin administration
could be explained by the down-regulation of eNOS expression. Slomiany and Slomiany [46]
showed that administration of indomethacin increases the expression of endothelin-1, which
suppresses eNOS activity and up-regulated iNOS, leading to gastric mucosal injury in rats.
NOS inhibitors that decrease NO production were reported to delay the healing of ulcers [47].
Pomegranate peel powder treatment elevated the previously decreased level of NO, as shown
in the current study. Hence, pomegranate peel powder may increase the activity of eNOS and
decrease iINOS activity; that hypothesis needs further investigation. Moreover, increasing the
NO level by pomegranate peel powder treatment may help to umpire mucin production to
protect gastric mucosal cells in aspirin-induced rats.

4. Conclusions

The present study indicates that pomegranate peel powder (10%) has an antiulcer effect
in tested rats through decreasing the expression of inflammation markers and the regulation of
NO that increases the mucus secretion—this study introducing pomegranate peel powder as an
effective and economic antiulcer compound.
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