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Abstract

Gastric ulcer is the most digestive disease found in clinical
practice. Punicalagin (PCG) found in pomegranate juice
has antioxidant and tissue repair properties. Therefore,
the aim of this study was to investigate punicalagin’s
gastroprotective effect against ethanol-induce gastric
injury. Four groups of rats; first group served as control,
group 2: Treated with absolute ethanol (5 mi/kg, po),
group 3: Rats were pre-treated with ranitidine (as a
reference drug) (50 mg/kg, po) before ethanol and group
4: Pre-treated with PCG (4 mg/kg, po) before ethanol. Pre-
treatment with PCG reduced ulcer index and
histopathological changes, oxidative stress induced by
ethanol while it elevated antioxidant activity. Although, it
down regulated Tumor Necrosis Factor (TNF-a) gene
expression and mucosal levels of inflammatory cytokines;
TNF-a, Interleukin (IL-1B) and Interferon Gamma (IFNy), it
up regulated mucosal level of IL-10. Also, it reduced
mucosal Nuclear Factor Kappa B (NFkB) protein
expression, mylopeoxidase and caspase 3 activities as well
as gene expression of caspase 9 while it elevated
antiapoptotic B-Cell Lymphoma 2 (Bcl-2) gene expression,
mucosal nitric oxide and mucin content. However, it had
negative action on prostaglandin E2 and acid secretions.
These findings indicate gastroprotective effects of
punicalagin against ethanol induced gastric ulcer through
suppression of mucosal oxidative stress and inflammation
through NFkB pathway as well cytoprotective defences
independent on prostaglandin E2 and acid secretions.
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Introduction

Gastric ulcer occurs mainly due to the imbalance between
the destructive and protective factors to the mucosal barrier.

The destructive factors include stomach Hydrochloric Acid
(HCl), free oxygen radicals, ethanol, Helicobacter pylori and
Non-Steroidal  Anti-Inflammatory Drugs (NSAIDs) that
encourage the gastric mucosal injury leading to gastric
ulceration [1]. Alcohol consumption has been commonly
related to mucosal inflammation, gastric ulcer and even gastric
carcinoma [2].

Ethanol induces its gastrointestinal toxicity through several
mechanisms such as stimulation of acid secretions [3],
proinflammatory cytokines, oxidative stress [4], invasion of
activated neutrophils and apoptosis as well as exhaustion of
mucosal cytoprotective moieties, including Nitric Oxide (NO)
and Prostaglandin E2 (PGE2) [5].

Punicalagin (PCG) is ellagitannin found in pomegranate juice
which extracted from Punica granatum L. (Lythraceae). It has
strong antioxidant, chemopreventive effect and angiogenic
activities in addition to its beneficial effects in attention of
prostate cancer cell growth, management of diabetes,
myocardial ischemia reperfusion injury, and liver toxicity, tissue
repairing and wound healing [6-12].

Therefore, herbal drugs may be promising alternative
medications for the development of new drugs to organize
gastric ulcer. Although previous studies supporting the
beneficial effect of punicalagin, its gastroprotective effect
against gastric ulcer induced by ethanol has not been yet
thoroughly investigated. Accordingly, this study was designed
to examine gastroprotective action of PCG against ethanol
induced gastric ulcer.

Materials and Methods

Animals

Adult male Wistar albino rats weighing 170-200 g were
placed in polyethylene cages in groups of 6 and the
experiment was performed under controlled laboratory
conditioning where food and water were provided ad libitum.
Handling and procedures were carried out according to the
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Guide for the Care and Use of Laboratory Animals published by
the US National Institute of Health (NIH publication No. 85-23,
revised 1996). The experimental protocols were approved by
the institutional research ethics committee at Faculty of
pharmacy, Damanhur University.

Drugs and Chemicals

Punicalagin and ranitidine hydrochloride (Sigma Chemical
Co., MO, USA) was dissolved in distil waster. All other
chemicals used were of good quality and analytical grade.

Experimental design

Animals were randomly divided into three experimental
series, each consisting of 4 groups (n=6); first group act as
normal control received vehicle orally by intra-gastric gavage,
second group administered of 5 mi/kg of absolute ethanol
orally [13], third group (Ran+ Ethanol): Rats received ranitidine
(Ran) (used as a standard reference drug) orally (50 mg/kg)
[14] 2 h before the administration of ethanol and group 4 (PCG
+Ethanol): Treated with Punicalagin (PCG) orally (4 mg/kg) [15]
for 2 h before the administration of ethanol. All animals were
fasted 24 h prior to ethanol administration except for water to
exclude exogenous dietary effect.

Animals in the first set were anesthetized 3 h after ethanol
administration and the abdomen were opened with pylorus
ligation to collect gastric juice were and their stomach were
removed, opened along the greater curvature, and washed
with cold saline. The extent of gastric lesions (ulcer index, Ul)
was calculated by the formula: Ul=10X (total ulcerated area/
total mucosal area) [16] and the Preventive Index (Pl) was
calculated by the equation PI=[(Ul of ethanol-Ul of pretreated
drug)/Ul of ethanol] x 100 [17] then part of the stomach was
processed for histopathological examination and other was
rapidly scraped with two glass slides to extract gastric mucosa.

Determination of free, total acidity and pH of
gastric juice

Gastric juice was collected and centrifuged for 5 min at 2000
x g. Immediately the volume and pH of supernatant gastric
juice were determined then titrated with 0.01 N NaOH by
means of methyl orange as an indicator until yellowish orange
colour appeared and the result indicated free acidity.
Subsequently phenolphthalein was added as an indicator and
continues titrating until red colour reappeared however the
total volume of alkali added indicated total acidity as we
described before [14].

Determination of gastric mucosal oxidative
stress and enzymatic antioxidant activity

Gastric mucosa levels of Thiobarbituric Acid Reactive
Species (TBARs) and reduced Glutathione (GSH) were
estimated as well as Glutathione Peroxidase Activity (GPx)
using commercially available ELISA kits according to
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manufacturer's instructions (Bio-diagnostic, Egypt) as markers
of enzymatic antioxidant activity.

Determination of gastric mucosal levels of
inflammatory markers

Gastric mucosa were homogenized with cold Phosphate
Buffered Saline (PBS) then centrifuged. The supernatants were
utilized for assessment of levels of inflammatory cytokines;
TNF-a and IL-1B as well as anti-inflammatory cytokines IL-10
using commercial available ELISA (abcam, Cambridge, MA,
USA). Also, IFNy was estimated by IFNy ELISA Kit (Boster
biological technology Co. Ltd, USA).

Evaluation of gastric tissue levels of

myeloperoxidase (MPO) activity

Gastric mucosal myeloperoxidase activity was determined
according to the method described by Abdel-Raheem [18] as
an index of neutrophil infiltration. Briefly, Extracted mucosa
was homogenized in 20 mM phosphate buffer (pH 7.4) then
centrifuged at 10,000 x g for 10 min and the consequential
pellet was resuspended in 50 mM phosphate buffer (pH 6.0)
with 0.5% Hexadecyl Trimethyl Ammonium Bromide (HTAB).
Four cycles of freezing and thawing then 1 min sonication were
carried out. Consequently, the samples were centrifuged and
the supernatants were incubated with the reaction mixture in
37°C for 110 s. The reaction mixture consisted of the 1.6 mM
tetramethylbenzidine, 80 mM sodium phosphate buffer (pH
5.4) and 0.3 mM hydrogen peroxide then, the reaction was
terminated by with 0.18 M H,SO,4. The myeloperoxidase value
was evaluated by determining the absorbance at 450 nm (OD
value). The myeloperoxidase activity was expressed as relative
values calculated by the following formula: (myeloperoxidase
value recovered from treated animal)/myeloperoxidase value
recovered from control rat) x 100 (%).

Determination of gastric NFkB protein
expression using western blotting

Western blot analysis was performed as we described
before [19]. Briefly, gastric mucosa were homogenized in cold
RIPA buffer together with inhibitors for proteases and
phosphatases (Sigma Chemical Co., MO, USA) then protein was
assessed by Bradford method (Bio-Rad, Hercules, CA, USA). 50
pug protein samples were separated by SDS-PAGE then
transferred onto a nitrocellulose membrane, blocked with non-
dairy milk and incubated with primary antibodies NFkB-p65
(abcam, Cambridge, MA, USA) and B-actin (Sigma Chemical
Co., MO, USA) were distinguished with a horseradish
peroxidase-conjugated antibody and ECL chemiluminescence
(Amersham BioSciences, Buckinghamshire, UK). Intensity of
immunoreactivity was determined by densitometry.
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Determination of genes expression using real
time polymerase chain reaction (PCR)

RNA isolation kit (Qiagen Inc., USA) was used for isolation
RNA from Samples of gastric mucosa. PCR was carried out in
Applied Biosystems Real-Time PCR System (Life Technologies,
USA) with TagMan Fluorescein one step PCR master mix and
ready-made primer and probe sets of rat TNF-a (Catalogue.
Rn99999017_m1), B-cell lymphoma 2 (Bcl-2)
(Rn99999125_m1), «caspase 9 (Rn00581212_m1) and
housekeeping reference primer glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (Rn01775763_g1) (applied biosystem
Inc., USA). The thermal cycling conditions were retention time
step 48°C for 15 min then Enzyme activation step 95°C for 15
min, then 40 cycles of 95°C for 15 s and 60°C for 1 min. Analysis
of relative gene expression data were conducted using cycle
threshold (CT) method and normalized to housekeeping
reference gene GAPDH.

Evaluation of gastric mucosal apoptosis

Gastric mucosal caspase-3 activity was measured by caspase
3 ELISA kit (ab39401, abcam, Cambridge, MA, USA). Caspase 3
activities were expressed as relative values calculated by the
following formula: (optical density 405 from treated animal)/
(optical density 405 value from control animal) x 100 (%).

Determination of mucosal level of nitric oxide

Gastric mucosa was filtered by Amicon ultra centrifugal filter
units 30 kDa (Sigma Chemical Co., MO, USA) then 40 pl of the
filtrate was used for determination of NO content by
measuring its stable metabolites nitrite (NO,) and nitrate
(NO3) using a commercially available ELISA kit (Cayman, Ann
Arbor, MI, USA).

Determination of mucosal

prostaglandin E2

gastric

Gastric mucosa of the second set were scratched and
soaked in 100% ethanol and 0.1 M indomethacin then
homogenized and centrifuged at 12,000 x g for 10 min and the
level of prostaglandin E2 (PGE2) were assessed using a
commercially available ELISA kit according to manufacturer's
instructions (Cayman, Ann Arbor, Ml, USA).

Determination of gastric mucin barrier content

Animals in the third set as explained before [20]. In brief, 3 h
after ethanol administration, animals were anesthetized and
the lesser curvature of the stomach were cut, weighed and
immersed for 2 h in 0.1% alcian blue 8GX dissolved in 0.16 M
sucrose buffered with 0.05 sodium acetate then after 2 h
washed twice with 0.25 M sucrose solution. The dye was
extracted with 10 ml solution of 0.5 M magnesium chloride by
intermittent shaking for 2 h then diethyl ether was added and
the blue density of the aqueous phase was measured at 580
nm.
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Histopathological evaluation

Gastric tissue samples were fixed in buffered 10% formalin
and processed for histopathological examination as we
described before [14]. Briefly, five micrometre-thick paraffin
sections were prepared and stained with haematoxylin and
eosin for light microscope examination (magnification x 20) by
double blind pathologist.

Statistical analysis

All data are presented as mean % standard error and
analyzed with one-way ANOVA followed by Tukey's post hoc
test for multiple group comparisons. Analyses were performed
using GraphPad Prism Version 4.0 software (GraphPad
Software Inc., La Jolla, CA). For all comparisons, P<0.05 was
considered as statistically significant.

Results

Evaluation of antiulcer features of PCG

Ingestion of ethanol caused gastric mucosal lesions
indicated by an increase in ulcer index vs. control group
however pre-treatment with PCG or Ran reduced severity of
gastric lesions in the term of ulcer index vs. ethanol treated
animals.
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Figure 1

Figure 1: Sections from control group displayed normal
histological structure of the gastric mucosa and submucosal
layers with normal blood vessel (1A). (1B) (ethanol group)
showed gastric lesion ulceration (u) with inflammatory cells
infiltration (arrow) in submucosal layer. (1C) (Ran+ethanol)
showed noticeably reduced gastric lesions with normal
mucosa and some inflammatory cells infiltration (arrow) as
well, (1D) (PCG+ethanol) showed reduced gastric lesions
with normal mucosa (mu) and some inflammatory cells
infiltration (arrow) in submucosal layer (X20, scale bar is 50
um).

. /

Pre-treatment with PCG or Ran produced preventive index
74.9% and 79% of ethanol induced gastric ulcer, respectively
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with no significant difference between pre-treatment with PCG
and reference drug Ran (Table 1) as well histopathological
results confirmed the ability of PCG to recover ethanol-induce
gastric ulcer in the gastric mucosa (Figure 1A). Sections from
ethanol treated group showed extensive gastric lesion
ulceration with inflammatory cells infiltration in submucosal
layer (Figure 1B) however, sections from rats pre-treated with
PCG or Ran showed noticeably reduced gastric lesions and
inflammatory cells infiltration compared to ethanol alone-
treated group (Figure 1C and 1D).
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Effect of PCG on volume of gastric secretions
and acidity

Oral treatment with ethanol evoked increase in gastric juice
volume, free acidity and total acidity while it decreased its pH.
Although, pre-treatment with Ran decreased gastric juice
volume, free acidity and total acidity, pre-treatment with PCG
failed to change gastric juice volume, free and total acidity
induced by ethanol.

Table 1: Effect of Punicalagin (PCG) or Ranitidine (Ran) on ulcer index, preventive index, gastric juice volume, pH, free acidity and
total acidity in ethanol-induced gastric ulcer. Data are expressed as mean * standard error (n=6; *P<0.05 versus control group,
SP<0.05 versus ethanol group and #<0.05 versus Ran+ethanol group).

Effect of PCG on mucosal redox status and
mucosal myeloperoxidase activity

In ethanol group, there was an increase in mucosal level of
TBARs however pre-treatment with PCG or Ran reduced it
indicating a reduction in oxidative stress (Figure 2A). On
contrary, there was a significant decrease in mucosal levels of
GSH and GPx in ethanol group while pre-treatment with PCG
or Ran elevated mucosal levels of GSH and GPx demonstrating
antioxidant action. Moreover, PCG produced significant
decreased in mucosal level of TBARs vs. Ran+ethanol group as
well as there was an increased in mucosal levels of GSH and
GPx in PCG+ethanol group vs. Ran+Ethanol group indicating
superior in antioxidant action of PCG than Ran (Figures 2B and
2C).

Effect of PCG on gene expression and mucosal
levels of inflammatory cytokines

Figures 3 and 4 showed the involvement of inflammatory
signals and neutrophil infiltration in gastroprotective action of
PCG against ethanol.

Control Ethanol Ran+Ethanol PCG+Ethanol
Ulcer index 0 0.81£0.05" 0.15 +0.05% 0.20 £ 0.07%
Preventive index (%) 100 0 79.39 +7.95% 74.97 +9.84%
Gastric volume (ml) 1.10 £0.14 248013 1.46 £0.14% 2.01£0.12
Gastric juice pH 3.20 £ 0.09 2.10 £ 0.07" 2.27+0.07°% 2.23+0.09
Free acidity (Meg/l) 27.43 £3.63 80.03 £ 4.05" 34.83 £ 4.54% 69.13 £3.61%*
Total acidity (Meq/l) 35.50 + 4.70 87.95 + 3.57 45.48 + 4.82% 78.78 £ 4.317*
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Figure 2 : Effect of punicalagin (PCG) or ranitidine (Ran) on
gastric mucosal levels of oxidative stress marker
thiobarbituric acid reactive substances (TBARs) (A),
glutathione (GSH) (B), glutathione peroxidase activity (GPx)
(C) in ethanol-induced gastric ulcer (n=6; *P<0.05 versus
control group, SP<0.05 versus ethanol group and #<0.05
versus Ran+ethanol group).
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Figure 3: Effect of punicalagin (PCG) or ranitidine (Ran) on inflammatory cytokines; mucosal tumour necrosis factor-a (TNF-a)
MRNA expression (A), mucosal levels of TNF-a (B), interleukin-1p (IL-1B) (C), interferon gamma (INF-y) (D) and IL-10 (E) in
ethanol-induced gastric ulcer (n=6; *P<0.05 versus control group, $P<0.05 versus ethanol group and #<0.05 versus Ran
+ethanol group).

N
p
In ethanol group; mucosal TNF-a gene expression was up
regulated as well as TNF-a, IL-1B, IFNy levels (Figure 3) and Flstre s
MPO activity (Figure 4B) were significantly elevated than in
normal control. Similar to Ran, pre-treatment with PCG A i
diminished TNF-a gene expression, levels of mucosal TNF-q, _— :jl“.w ———

IL-1B, IFNy (Figure 3) and MPO activity (Figure 4B) induced by
ethanol. In the different way, ingestion of ethanol produced a
significant decrease in anti-inflammatory cytokines IL-10 while
pre-treatment with PCG or Ran normalized this alteration
(Figure 3). Although, ethanol has an ability to up regulate
mucosal NFkB-p65 protein expression. Pre-treatment with Ran
or PCG significantly decrease its level indicating involvement of y
NFkB pathway in the mechanism of PCG’s gastroprotective & & & &”’f
action against ethanol (Figure 4A). &

E & & &

osal NFeB-p6S

expression (DU)

Muc
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Effect of PCG on gastric mucosal apoptosis

Oral administration of ethanol caused up regulation of | Figure 4: Effect of punicalagin (PCG) or ranitidine (Ran) on
mucosal gene expression of caspase 9 and caspase 3 activities | 8astric mucosal NFkB-p65 protein expression level relative
while it down regulated antiapoptotic Bcl-2 gene expression | to B-actin (A) and mucosal myeloperoxidase activity (MPO)
vs. normal control group. Analogous to Ran, pre-treatment | (B) in ethanol-induced gastric ulcer (n=4-6; *P<0.05 versus
with PCG down regulated mucosal gene expression of caspase | control group, $P<0.05 versus ethanol group and #<0.05
9 and caspase 3 activity however it increased Bcl-2 gene | versus Ran+ethanol group).
expression produced by ethanol (Figure 5). L
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Figure 5: Effect of punicalagin (PCG) or ranitidine (Ran) on
gastric mucosal apoptosis; mucosal mRNA expression of
caspase 9 (A), B-cell ymphoma 2 (Bcl-2) (B) and caspase 3
activity (C) in ethanol-induced gastric ulcer (n=6; *P<0.05
versus control group, $P<0.05 versus ethanol group and
#<0.05 versus Ran+ethanol group).
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Effect of PCG on mucosal levels of NO, PGE2
and mucin barrier content

Ethanol evoked depletion of NO, PGE2 and mucin barrier
content while pre-treatment with PCG improved levels of NO
and mucin barrier content but with no ability to change
mucosal PGE2 level. However, pre-treatment with Ran
increased levels of NO, PGE2 and mucin barrier content (Figure
6).

Discussion

Ethanol induced gastric ulcer is a key experimental model
commonly utilized for preclinical evaluation of agents with
potential anti-ulcer action as ethanol has been considered an
important cause of gastric ulcer in humans [21]. Drugs
currently offered in the market against gastric diseases are
often correlated with severe side effects [22]. The present
study focused for the first time, on the protective actions of
punicalagin against ethanol induced gastric ulcer.

Pre-treatment with PCG reduced ulcer index with
preventing 74.9% of ethanol induced gastric ulcer with no
significant vs. the standard reference drug (ranitidine). Also,
histopathological findings confirmed these results by showing
normal mucosal layer with reduction in gastric lesions in PCG
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Figure 6: Effect of punicalagin (PCG) or ranitidine (Ran) on
cytoprotective factors such as mucosal levels of nitric oxide
(NO) (A), prostaglandin E2 (PGE2) (B) and mucus barrier
content (C) in ethanol-induced gastric ulcer (n=6; *P<0.05
versus control group, $P<0.05 versus ethanol group and
#<0.05 versus Ran+ethanol group).
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pre-treated group vs. ethanol group. Ethanol produced gastric
ulcer through different mechanisms including generation of
oxidative stress, initiation of lipid peroxidation and
inflammation, infiltration of neutrophils, induction of
apoptosis, and inhibition of prostaglandin E2 synthesis.

Ethanol generated gastric ulcer through unbalance between
aggressive factors and decreased cytoprotective action. In the
current study, ethanol increased aggressive factor by
increasing acid secretions leading to decreasing gastric juice
pH. Although, pre-treatment with Ran decreased gastric acid
secretions vs. ethanol group due to histamine (H2) receptor
blocking action, pre-treatment with PCG failed to change acid
secretions indicating passive action of PCG on gastric acid
secretions induced by ethanol administration.

Moreover, oxidative stress and inflammation are the key
mediators in ethanol’s gastric ulcer pathways. The current
study revealed that ethanol provoked free radicals and
depletion in antioxidant activities while pre-treatment with
PCG normalized these alterations. Unlikely, Ran which reduced
these alterations without normalization indicating the superior
antioxidant property of PCG to the standard drug; Ran.
Previous studies also displayed the antioxidant property of
PCG [11,12,23-25].
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Ingestion of ethanol induced the inflammatory response as
verified by up regulation of gene expression and mucosal level
of pro inflammatory cytokine TNF-a as well as elevation in
mucosal levels of IL-1B and IFNy. These were associated with a
decline of the anti-inflammatory cytokine IL-10. These findings
are in consistent with previous reports [4,25,26]. Meanwhile,
inflammatory cytokines TNF-a, IL-1B and IFNy stimulate
neutrophils and macrophages infiltration [27,28] as well TNF-a
restrains gastric microcirculation around ulcerated mucosa and
delays its healing [29].

In the same context, NFkB is a transcription factor that
intervenes crucial inflammatory actions in ethanol produced
gastric ulcer including the expression of several downstream
proinflammatory targets such as TNF-a, chemokines and
adhesion molecules such as intercellular adhesion molecule 1
(ICAM-1) [20]. NFkB consists of p65 and p50 subunits while
NFkB-p65 subunit has been commonly regarded as a marker
for NFkB activation [25]. NFkB is activated when its inhibitor,
IkB, is phosphorylated by oxidative stress or/and inflammatory
cytokines. Consequently NFkB is released which then
translocates toward the nucleus to initiate transcription of
target dependant inflammatory genes [29]. Ingestion of
ethanol up regulated protein expression of NFkB-p65 while
pre-treatment with PCG reduced protein expression of NFkB-
p65 and TNF-a gene expression as well as levels of
inflammatory cytokines TNF-a, IL-1f and IFNy in addition to
myeloperoxidase activity induced by ethanol indicating anti-
inflammatory action of PCG through NFkB pathway. PCG
decreased protein expression of NFkB-p65 by reducing
phosphorylation of IkBa [30]. Also, Kim and his colleagues
reported inhibitory effect of PCG on lipopolysaccharide
induced inflammation via inhibition of NFkB [31].

Apoptosis is an important mechanism for maintaining
cellular homeostasis. The mitochondrial pathway (intrinsic
pathway) of apoptosis is mediated with cytochrome c and
caspase 9 which then activate caspase 3 which considered the
central gate of apoptosis [32]. The current study revealed
induction of mucosal apoptosis by ethanol signified by up
regulation of mucosal gene expression of caspase 9 and
caspase 3 activity with down regulated anti-apoptotic Bcl-2
gene expression. Meanwhile, pre-treatment with PCG
suppressed gene expression of caspase 9 and caspase 3
activity plus augmented the anti-apoptotic Bcl-2, indicating
attenuation of gastric mucosal apoptosis via intrinsic pathway
since it was noted that excessive exposure of gastric mucosa to
oxidative stress and TNF-a has been reported to enhance
gastric epithelial apoptosis.

The present data also indicated that administration of
ethanol depleted cytoprotective mediators; PGE2, Nitric Oxide
(NO) and mucin barrier content. These violent actions lead to
stasis of blood flow and disruption of gastric microvessel in
addition to mucosal friability and cellular exfoliation [21]. On
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the other hand, although pre-treatment with PCG significantly
elevated mucosal level of NOQ, it failed to change level of PGE2,
indicating involvement of NO and passive role of PGE2 in the
mechanism of PCG’s gastroprotective effects. PCG improved
NO-cGMP signaling [33] as well it quenched of the superoxide
anion which consumes NO for the generation of the cytotoxic
peroxynitrite [34]. Furthermore, NO enhanced maintenance of
mucosal blood flow [35] resulting in improving in gastric
mucosal defense as shown in the current study.

In conclusion, oral pre-treatment with punicalagin produced
significant gastroprotective effects in ethanol induced gastric
ulcer via suppression of mucosal oxidative stress and
inflammation through NFkB pathway as well as replenishing of
nitric oxide and mucin content lacking the effects on acid
secretions and prostaglandins. Punicalagin could have the
prospective for additional progress as a promising drug for
ulcer treatment.
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