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ABSTRACT

Peptic ulcer disease (PUD), is the most commonrudéehe gastrointestinal tract. Several investigas have
confirmed the role of oxidative stress in developalepeptic ulcers, possibly via the formation wdef radicals.
Antioxidant therapies may be useful in decreashmg risk of peptic ulcers, several natural produbts/e been
reported to poses anti-ulcerogenic activity by wértof their predominant effects on mucosal defen&etors
including apple, pomegranate, bananas, and brindkrry which acts as an antioxidant, inhibiting Lipi
peroxidation and scavenging free radicals. Thigdgtaimed to identify the effect of pomegranategun gastric
ulcers induced by indomethacin in rats and exhidtpowerful antioxidant properties. Forty malédmlo rats were
used in this study, divided into four groups (cohtpomegranate, peptic ulcer and treated groups$yer and
kidney function test, stomach malondialdehyde (M&Ayxidant marker and superoxidedismutase (SODtatal
antioxidant capacity (TAC) as antioxidant markererev estimated. Tissue Ileland TNFea as markers of
inflammation were estimated. Also serum homoaysteas measured by high performance liquid chrograshy
(HPLC). The data showed that indomethacin in peptéer group significantly increased stomach MDE;1b,
TNF« and serum homocysteine concomitant with a redoctn SOD and TAC. Contrarily, pomegranate
supplemantion improved these values in treated gréruconclusion, pomegranate seems to be a higitagnising
compound in protecting the peptic ulcer rats agamdgdative damage and preventing inflammation esnted in
elevation of homocyteine.
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INTRODUCTION
The gastrointestinal tract represents an impottantier between the human hosts and microbial @ojpms. One
potential consequence of host microbial interagtisnthe development of mucosal inflammation, whiah lead to
gastritis and ulcer [1].

Peptic ulcer disease (PUD) is the most common wit#re gastrointestinal tract. Peptic ulcers oaearldwide and
gastric cancer is the second commonest cause tf fiteen malignant disease [2].

It is defined as mucosal erosions equal to or graatan 0.5 cm almost all ulcers are associated Milicobacter
pylori, a spiral shaped bacterium that lives in #uidic environment of the stomach. They are causechany
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factors such as drugs, stress or alcohol, due imbalance between offensive acid pepsin secretiehdefensive
mucosal factors like mucin secretion and cell sheglfB].

A long-term use of non-steroidal anti-inflammatahygs (NSAIDs) causing inflammation of the gastriacosa,
gastrointestinal associated with a range of toxi@nhd may finally cause ulceration, bleeding ahdnges with a
very high morbidity and mortality [4].

Indomethacin is an indol derivative, non-steroidaiti-inflammatory drug with anti-inflammatory, dgesic, and
antipyretic effects. Indomethacin became the @isiice drug to produce an experimental ulcer made result of
having a higher ulcerogenic potential than otheANI [5].

A number of drugs including prostaglandins analdgstamine receptor antagonists, proton pump itdibj and
cytoprotective agents are available for the treatmod peptic ulcer. By the way various side effeofsthese
products such as, hepatotoxicity and anaphylaxesnat totally managed yet, so medicinal plant masléernative
treatment always has been the focus of many stiglies

Several natural products have been reported tospm#ulcerogenic activity by virtue of their poedinant effects
on mucosal defensive factors including apple, basgpapeeta, and brindle berry [7].

PomegranateRunica granatunlL.) is a well-known table fruit of tropical and dutipical regions of the world.
Some botanists place it in the family Lythracedethe peculiar type of fruit, called as balaustasiauthorities
make it the only genus in the family Punicacea€ell8 biological activity of PG has been widely intigatedin
vitro andin vivostudies [9].

Homocysteine is an intermediate in the metabolimethionine. Increased serum concentration of foysteine
is, in most cases, caused by a deficiency of fotatevitamin B12. Hyperhomocysteinemia has been gmpl
documented in patients with vascular disorders,inogkased homocysteine levels are a well-defimgdfactor of
atherosclerosis and thrombosis. Hyperhomocysteméias also been documented in cancer patients [10].

The aim of this study was to identify the effect pfmegranate on gastric ulcers induced by indoroithia
experimental rats and exhibits its powerful antiaxit anti-inflammatory properties as well as iteerm the
reduction of hyperhomocysteinemia during peptieulc

EXPERIMENTAL SECTION

Materials

Chemicals

Homocysteine standard (HPLC grade) was purchased $igma-Aldrich Company, St. Louis, MO, USA. Ather
chemicals were of HPLC grade. Indomethacin as Ltaoen ampoules was purchased from The Nile Comfmany
Pharmaceuticals and Chemical Industries. Pomegravesd purchased from local market.

Experimental Animals

Forty male albino rats weighing 180-200 g were inietd from the animal house of National Research&efbiza,
Egypt., and fed a standard commercial diet (cordiet) purchased from the Egyptian Company of @ild Soaps.
Water was available adlibitum for acclimatizatioefdre starting the experiment; rats were kept urcderstant
environmental conditions at room temperature. Thiglglines of the ethical care and treatment of ahenals
followed the regulations of the ethical committé¢h® National Research Centre.

Methods

Induction of peptic ulcer

Acute gastric ulcers were induced by oral admiatgin of indomethacin at a dose of 100 mg/kg bodigi* once
five hours before rats were sacrificed [11].

Pomegranate processing

Pomegranates fruit was crushed, squeezed, anddreazymatically with pectinase to yield the PJ lyproducts,
which included the inner and outer peels and tleelsePectinase hydrolyzesl,4-galacturonide bonds in pectin

132



Jihan Husseinet al J. Chem. Pharm. Res., 2014, 6(10):131-138

and thus improves extraction and filtration andvpras the formation of pectin gels. The juice wikered,
pasteurized, concentrated, and stored atGC182].

Experimental design

Forty male albino rats were classified into founuygs (10 rats in each group) as follows:

Group I: healthy rats, received 0.5 ml of vehicle / raty darally.

Group II: healthy rats, received 0.5 ml pomegranate juic@rfigdkg body weight / day orally).

Group lll: healthy rats, received 0.5 ml of vehicle / rat/ daglly, then injected with indomethacin.

Group IV: healthy rats, received 0.5 ml pomegranate juic@rfiglkg body weight / day orally), then injectedtwit
indomethacin.

After the experimental period (4 weeks), animalsenept fasting for 12 hours before blood samplirigod was
withdrawn from the retro-orbital venous plexus bEteye using capillary tubes and collected in cladres.
Stomach was removed quickly; part of it was homaggsh and prepared for estimation of other biochammic
parameters. Other part of the stomach was kept iseddn 10 % formalin for histopathological andtdéhemical
examinations.

Preparation of tissue homogenate

The frozen tissues were cut into small pieces amddyenized in 5 ml cold buffer (0.5 g of MO, and 0.7 g of
NaH,PO, per 500 ml deionized water (pH 7.4) per gram tssben centrifuged at 4000 rpm for 15 minutes°at. 4
The supernatant was removed and used in estimattioiochemical parametefs3].

Biochemical assays

Serum liver enzymes alanine amino-transferase (A&l aspartate amino-transferase (AST) were meahsure
according to the method of [14], blood urea andiisecreatinine were measured by the method decbigd5],

[16] respectively. Stomach malondialdehyde (MDA)swaeasured by the method described by [17], sujmkrox
dismutase (SOD) was measured according to the mhetifio [18] and total antioxidant capacity (TAC) was
estimated according to the method described by. [AB]kits were purchased from BioMed. Diagnosti&erum
TNF-a and IL-1o were measured by ELISA according to the methodrite=d by [20] and [21] respectively.

Determination of serum Homocysteine (SAH)
SAH was estimated by high performance liquid chrmgieaphy (HPLC) system, Agilent technologies 116fles,
equipped with a quaternary pump (Quat. pump, G13ibdel).

Sample extraction
200 pl serum were treated with 16 pl of 1000g/L T@#xed well and incubated in ice for 30 min to gpéitate
protein. After centrifugation for 20 min at 4000wt 4°C, supernatants were filtered through 0. 2filter.

HPLC condition

30 ul from the solution were injected in HPLC; separativas achieved on reversed phase column (C18).26,
cm i.d. 5um). The mobile phase consisted of 40 mmol/L sodpiosphate monobasic monohydrate; 8 mmol/L
heptanesulfonic acid and 18% (v/v) methanol adfustepH 3.1 by addition of phosphoric acid ancefiéd through

a 0.45-um membrane filter and was delivered abw flate of 1 ml/min at 40°C. UV detection was peried at
260 nm. Serial dilutions of standards were injectatt their peak areas were determined. A lineardstrd curve
was constructed by plotting peak areas versusdiresponding concentrations. The concentratiossumples were
obtained from the standard curve.

Histological and histochemical studies

The sections of the stomach, stained with hemaitoxarid eosin (H & E), were assessed for histoldgibanges
such as congestion, edema, hemorrhage and necfogither sections stained with periodic acid-ScRAS)
staining were assessed for histochemical changesiofis distribution [22].

Statistical analysis

All data were expressed as mean + standard ereda Were analyzed using one-way ANOVA using SPS84dn
16). Duncan's new multiple-range test was usedsess differences between means. Pearson's dorrdkst was
used to assess correlations between means. Aisamifiifference was considered at the leve? ef0.05.
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RESULTS AND DISCUSSION

The use of nonsteroidal anti-inflammatory drugs AN3s) is considered to be the major risk factogastric ulcers.
The mechanisms suggested for the gastric damageddny NSAIDs are inhibition of prostaglandin sysis and
inhibition of epithelial cell proliferation in thalcer margin, which is critical for the reepitheliion of the ulcer
crater [23]. There has been a considerable intémehding natural antioxidants from plant matési&o replace
synthetic ones for effective management of therépeloug toxicity such as peptic ulcer [24].

In this study, the mean values of serum ALT, ASfBauand creatinine were significantly increasemé@omethacin
group compared to control although this elevati@s wstill in the normal range for all of them. THfe=ets on these
parameters might have been partly a consequertbe aftestinal damage (Table 1).

Indomethacin is known to induce the reactive oxygesetabolites in animal models, which may contribtde
mucosal injury ,these free radicals also damage¢hialar antioxidant enzymes which acting ae first line of
cellular defense against oxidative stress. Thishinigad to aggravated tissue damage during storakenation
[25]. In agreement, our study appeared that indbawit-induced stomach ulceration was accompani¢d avi
severe oxidative stress in gastric tissue. This aygmrent from the stimulated lipid oxidation leagto increased
accumulation of malondialdhyde (MDA) as well asuetibn in the gastric superoxide dismutase (SOLyiacand

total antioxidant capacity (TAC) (Table 2).

There have been several conflicting reports allmiutcerogenic mechanism of indomethacin. It hanlsiggested
that indomethacin induces gastric damage via itihidpithe release of protective factors like cyclpganase-1
(COX-1), prostaglandin E2 (PGE2), bicarbonate, amdus; increasing aggressive factors like acid;inockasing
oxidant parameters while decreasing antioxidaraupaters. Classic antiulcer drugs are known to meduntiulcer
effects by activating against indomethacin (incir@dPGE2, mucus, and bicarbonate production; itihijpiacid
secretion; decreasing oxidant parameters; andanirg antioxidants) [5].

[26] have shown that indomethacin can induce fgjeitis, and an increase in mucosayeloperoxidase (MPO)
activity which associated with significantly incesml production of serum and tissue levels of T\NH--1, and
nitric oxide. The gradual rise in serum IL-1 antfinioxide synthase (iNOS)-derived NO levels suggésat TNFe.
may up-regulate other cytokines and pro-inflammatoediators, thereby contributing to intestinal dae, and
thus may in part explain the protective effect aimmgranate that possess TMFiL-la and homocyseine
properties, thus in treated group in this studg, tiean value of serum inflammatory markers weraifsigntly
decreased compared to indomethacin group indicatimg reduction of inflammation by pomegranate
supplementation (Table 3).

Homocysteine concentrations are raised in the poesef low vitamin B12 and folate, and chronic gast
inflammation could result in malabsorption partanly of vitamin B12 and secondary hyperhomocysteiiae

Table 1: Liver and kidney function tests

ameters ALT AST Urea Creatinine
Groups U/L U/L mg/dl mg/dl
Control 118+1.2 323+1.1 40.8 +1.6 0.20 + 0.02

Pomegranate | 11.3+0.8 32.0+2.2 47.4+0.3| 0.2+0.03
Indomthacine | 15.7+0.4 | 62.7+1.6 | 51.7 +2. | 0.5+0.0°
Treated 133204 | 47.0+£1.6°° | 49.1+26€ [ 03+£0.0:
Data presented as mean +SE
Significant p value < 0.05
a : significant difference compared to control gpou
b : significant difference compared to indomethagioup
n : number of cases = 10

The health benefits of pomegranate juice and estigaderived from a spectrum of bioactive ageimtsaddition to
the unique family of polyphenols in the pomegranegied punicalagins, pomegranate phytochemicathidie
anthocyanins, flavanols, and a seed oil which @ednverted to conjugated linoleic acid. In additto alkaloids,
such as pelletierine, pseudopelletier pseudopafleg [27]. In general, epidemiological studiesgesgl that intake
of flavonoids, a group of polyphenolic compoundbéneficial for prevention of cardiovascular [28flammatory
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and other diseases [29]. It has been suggestedfrdetradical scavenging and antioxidant activiay an

important role in prevention of free radical-rethteliseases, including aging and ulcer [30]. Meafeyhi
anthocyanidines, which differ structurally from ethflavonoids except flavan-3-ol, and which do hatve a

carboxyl group in the C-ring, prevented lipid peadation [31].

Table (2): Oxidant/antioxidant parameters in different studied groups

ameters SOD Total antioxidant MDA
Groups U/g tissue mM/g tissue nmol/g tissue
Control 383525 3.7+0.3 68.7+1.6
Pomegranate | 379.0 #1.7° 3.8+0.2 62.3+1.°
Indomthacine | 126.1+1.3 1.6+0.7 174.0+ 1.7
Treated 286.0+1.5F° 36+073 72317

Data presented as mean +SE
Significant p value < 0.05
a : significant difference compared to control gpou
b : significant difference compared to indomethagioup
n : number of cases = 10

Table 3: Inflammatory markers in different studied groups

ameters | Homocysteine IL-1a TNF-a
Groups pmol/L Pg/ml Pg/ml
Control 45+04 19.1+0.2 40.5+ 0.2

Pomegranate 3.0+0.1° 21.0+02% | 41.2+0.3
Indomthacine 345+1.7 53.2+0.3 | 71.5+0.3
Treated 131229 | 237+1.0" [ 484+ 1.0°F
Data presented as mean +SE
Significant p value < 0.05
a : significant difference compared to control gpou
b : significant difference compared to indomethagioup
n : number of cases = 10

The histopathological Results in this study conéiththese results as follows

Fundus is the chosen part of stomach in the pretedy and its sections were stained with haemétoand eosin.
The surface epithelial cells are present at thessaf the gastric pits and in the isthmus of th&rgagland. These
cells are columnar with oval basal nuclei. The nuscoells are present in the neck of the gastrindgaThey are
columnar cells with triangular basal nuclei. Thaitoplasm is foamy in appearance.

The microscopic observation of control tissue réaedhat the structure of gastric mucosa had aacirgpithelial
layer and glandular cells with continuous gastiis (Figure 1- A).

In the rats treated with pomegranate, histologea@mination indicated the normal structure of gastmucosa
almost similar to control rat (Figure 1 - B).

In case of stomach of rats treated with indomethagistopathological investigation showed disrupegithelial
layer and the glandular cells with discontinuoustde pits. The erosion of the epithelial layer awident oedema
and infiltration by inflammatory cell were noticeigure 1 - C).

Examination of stomach of rats pre-administered ekFact of pomegranateefore indomethacin showed the
absence of ulcer crater, proper rearrangementthsoosal layers along with normal glands; comptégaring of
inflammatory exudates and reepithelization (FiglireD).

Chronic administration of non-steroidal anti-inflaratory drugs (NSAIDs) such as indomethacin, dutirggcourse
of anti-inflammatory therapy, is often associatathwhe development of adverse gastrointestinairdisrs such as
gastric erosions, gastric or duodenal ulceratich @her severe complications such as gastrointddieiemorrhage
or perforation that often limited their wide spredishical use [32]. Indomethacin is known to indwgasstric ulcer by
inhibition of prostaglandins which are cytoproteetito gastric mucosa [33], particularly due to thieibition of

cyclooxygenase pathway of arachidonic acid metaboliesulting in excessive production of leukotrgeaad other
products of 5-lipoxygenase pathway [34]. In thevsdoh, prostaglandins play a vital protective retamulating the
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secretion of bicarbonate and mucus, maintainingasaicblood flow, and regulating mucosal cell tureoand
repair [35]. Thus, the suppression of prostaglasdiynthesis by NSAIDs results in increased sudméptito
mucosal injury and gastroduodenal ulceration. S#vstudies have indicated that gastroduodenal gote by
prostaglandins is due to increasing the mucos#teexe as well as the decrease in aggressiversachainly acid
and pepsin [36]. The observed antiulcerogenic ptgpe propolis may be due to increased synthekisiacous
and/or prostaglandins or could possibly be dugsts-ipoxygenase inhibitory effect.

Figure (1): Micrographs of stomach of A) control r& shows the structure of gastric mucosa had an inta epithelial layer and glandular
cells with continuous gastric pits B) rat treated vith Pomegranate shows the normal structure of gasic mucosa C): rat treated with
indomethacin shows a disrupted epithelial layer andlandular cells with discontinuous gastric pits. Mtice the erosion of the epithelial
layer and evident oedema and infiltration by inflammatory cell D): rat administered the extract of ponegranate and indomethacin
showing absence of ulcer crater, proper rearrangenme of submucosal layers along with normal glands;@amplete clearing of
inflammatory exudates and reepithelization (H & E,Scale bar, 20um)

Histochemical examination

Histochemical examination of sections of stomadatoafrol rats stained according to the PeriodiclSthiff's technique (PAS)
to highlight the mucous in the gastric mucosa shothat these materials are mainly localized inepighelium lining the
stomach mucosa. Deep stain is detected in the sgagans of these cells so that a dense coat raagelor is extending along
the luminal surface of the stomach epithelium. Siméace epithelial cells display intense stairtgihithile the mucous neck cells
display strong stainability. The surface epith@lls are more intense in colouration than theausiaeck cells. The other cells
of the gastric mucosa acquires pale stainabiligu(e 2 - A) . On the other hand, histochemicah@mation of the mucosa of
rats received the extract of pomegranate showesahdistribution (Figure 2 - B).

In rats received indomethacin, heterogeneous rggainas encountered where the degenerated surféleeligpcells and
mucous neck cells were almost devoid of stainabtenal while the healthy cells was densely stajRéglire 2 - C).

Pomegranate induced an increase in mucus produstiaeth was most demonstrative in rats that weratéie with

indomethacin. In these rats the mucus appearedhaskacontinuous layer covering the mucosal swgfé€igure 2 -
D).
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Mucus serves as the first line of the defence afailcerogens. The mucus is secreted by mucus celkand
covers the entire gastrointestinal mucosa therebyemting physical damage and back diffusion ofrbgen ions
[37]. Gastric mucus consists of a viscous, elaaliterent and transparent gel formed by water arabpgioteins.

The protective effects of mucous barrier dependombt on the gel structure but also on the amouthickness of
the layer covering the mucosal surface. The abdityhe gastric mucosa to resist injury caused fgogenous
secretions (acid, pepsin and bile) and by ingestednts such as alcohol, aspirin and NSAIDs caratiributed to a
number of factors that have been generally refemsechucosal defense [33].

A review of antiulcer drugs of plant origin showsat triterpenes (because their ability to strengttlefensive
factors such as stimulation of mucous synthesisaintenance of the prostaglandins content of gastricosa at
high levels) are potentially the compounds withidogr activity [38].

C

Figure (2): Micrograph of sections of stomach showi the PAS positive materials in the gastric mucosaf A) control rat, these materials
displayed a dark pink stainability in the surface githelial cells and in the mucous neck cells. Noticthat the surface epithelial cells give
more intense stainability than the mucous neck call The other cells of the mucosa acquire pale staibility, B) rat given the extract of

pomegranate shows the normal distribution of the P& positive materials in the gastric mucosa, C): rateceived indomethacin shows the

polysaccharides in the fundic mucosa. The surfaceighelial and mucous neck cells, that represent thpositive PAS materials, acquire a

pale or disappearance of the stainability, D): rateceived the extract of pomegranate before indome#itin administration shows an
increase in the distribution of polysaccharides ithe mucosa (PAS, Scale bar 20 pm)

CONCLUSION

From these results, we concluded that pomegranate supplementation has an important role in préor of
ulceration induced by NSAIDs. In addition to intibh of hyperhomocysteinemia, the risk factor ofydiseases.
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