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Omega-3 polyunsaturated fatty acids as therapeutic options for the treatment of
ethanol induced gastric ulcer in rats
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Biochemistry Department, Faculty of Vet. Med., Benha University, Egypt.

ABSTRACT

Gastric ulcer is a common chronic disease in human digestive system. Massive alcohol drinking can
lead to gastric ulcer. In the present study we investigated the gastroprotective effect and the molecular
mechanisms of Omega 3 polyunsaturated fatty acids(®-3 PUFAS) in a rat model of ethanol-induced
gastric ulcer.42 male rats were divided into six equal groups. Group 1 :( Control normal group) rats
received no drugs. Group 2 :( Omega-3 group): rats receivedOmega-3 orally(244.8 mg/kg b.wt/day) for
14 days. Group 3 :( early ulcer group):rats received absolute Ethanol (0.5ml/rat) orallyand sacrificed
one hour later after ethanol administration Group 4: (Early ulcer + Omega-3 protected group) rats
received omega-3 similar to group 2 for 14 days prior to absolute ethanol administration, then
sacrificed after one hour. Group5: (late ulcer group) rats received absolute ethanol similar to group 3
and sacrificed after 14 days. Group6:( Late ulcer + Omega-3 treated group)rats first administered with
absolute ethanol then after one hour omega-3 was administered for 14 days. The results showed
significant increase in No,L-MDA,GSH with marked decrease in CAT activity in stomachof ethanol-
induced gastric ulcer in rats as compared with control normal group.However, a significant depletion of
gastric tissue No, L-MDA and GSH concentrations and marked increase in CAT activity were
observed after omega-3 treatment compared to ulcerated untreated rats. The gPCR results revealed a
significant up-regulation of mMRNA gene expression levels of TNF-a, MOP and iNOS in stomach of
ethanol-induced gastric ulcer in rats. This expression was significantly down-regulatedafter
administration of omega 3.Conclusively, omega-3 protects rat gastric mucosa against ethanol-induced
gastric ulcer via anti-inflammatory and anti-oxidative mechanisms.

Keywords:Omega-3; ethanol, gastric ulcer; oxidative stress; anti-inflammatory

(http://www.bvmj.bu.edu.eg) (bvmj, 34(1): 48 -65, MARCH, 2018

1.INTRODUCTION
Gastric ulcer is one of the commonest infection (Thorsen et al., 2013). An imbalance
gastrointestinal pathologies affecting 4 million in damaging and defensive factors has been
individuals annually worldwide. The risk of its considered as an important contributor to its
occurrence has been reported to be increased by pathogenesis where redox related damage and
several etiological factors like alcohol release of inflammatory mediators result in loss
consumption, prolonged use of non-steroidal of mucosal integrity (Calam and Baron 2001).
anti-inflammatory drugs, stress and H. pylori The acute phase of gastric ulceration involves
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composite action of inflammatory cytokines
like tumor necrosis factor-alpha (TNF-a),
interleukins (IL-6, I1L-10 and IL-1PB), over
expression of p65 subunit of nuclear factor-
kappa B (NF-xB) and the inflammation is
further aggravated by the recruitment of
inflammatory cells like neutrophils and
mononuclear cells (Amirshahrokhi and Khalili
2015). The severity and maintenance of gastric
damage also depends on the generation of free
radicals that are highly reactive intermediates
which bring about macromolecular changes (da
Silvaa et al., 2013).

Alcohol  consumption  has  been
commonly linked to gastric mucosal lesions
including gastritis, gastric ulcer and even
gastric carcinoma (Franke et al., 2005). The
mechanisms underlying ethanol-induced gastric
ulcer have not been fully defined. Yet,
mounting evidence has indicated that pro-
inflammatory cytokines, oxidative stress and
apoptosis play crucial roles in its pathogenesis
(Al Batran et al., 2013). Invasion of gastric
tissues by neutrophils, marked with increased
myeloperoxidase (MPO) activity, contributes to
gastric mucosal damage (Wallace et al., 1990).
Activation of neutrophils is associated with an
up-regulated inflammatory response with
increased gastric expression of nuclear factor
kappa B (NF-kB) which controls the generation
of pro-inflammatory cytokines including tumor
necrosis factor-a (TNF-a). These events
amplify the inflammatory cascade via
triggering the release of other pro-inflammatory
mediators and enhancing further recruitment of
macrophages and  neutrophils,  thereby
exacerbating the gastric insult (Sangiovanni et
al., 2013). Meanwhile, oxidative stress has been
implicated in the development of ethanol-
induced gastric injury where an arsenal of
reactive oxygen species (ROS) generated by
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activated leukocytes triggers mucosal damage
via lipid peroxidation and via depletion of the
antioxidant  defenses such as reduced
glutathione (GSH), glutathione peroxidase
(GPx) and the total antioxidant capacity (TAC)
(Liu et al, 2012). In the same context,
enhancement of apoptosis and associated loss
of mucosal epithelial cells are recognized as
major players in the pathogenesis of ethanol-
evoked gastric damage (Al Batran et al., 2013).

Additionally, depletion of mucosal
cytoprotective moieties, including
prostaglandin E2 (PGE2) and nitric oxide (NO),
has been intimately linked to ethanol
consumption. The experimental model of
ethanol-induced gastric injury mimics several
features of the human condition and thus
provides a mean for assessing agents with
potential anti-ulcer actions along with their
implicated mechanisms for gastric protection
(Liu et al., 2012). In the clinical setting, the
current approach for the management of gastric
ulcers focuses on the use of proton pump
inhibitors and H2 receptor antagonists as the
mainstay treatment. However, administration of
these drugs has been associated with several
adverse effects such as nausea, constipation,
gynecomastia and impotence that limit their use
(Halabi et al., 2014). Thus, the search for
effective agents with fewer side effects has
been regarded as an effective strategy for the
management of gastric ulcers. Previously,
agents with antioxidant features have displayed
beneficial actions in protecting against alcohol-
induced gastric ulcer (Antonisamy et al., 2014).

An alternative treatment with fewer side
effects that also reduces the inflammatory
response and thereby reduces pain is believed
to be omega-3 essential fatty acids (o-3EFAS)
found in fish oil (Maroon and Bost, 2006).
Several mechanisms have been suggested to be
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involved in the gastroprotective effects of fish
oil including a decrease in gastric acid secretion
and lipid peroxidation as well as an increase in
antioxidant enzymes during pylorus ligation
and cold-restrain stress in rats (Bhattacharya et
al., 2006). Docosahexaenoic acid (DHA) is an
omega-3 long-chain polyunsaturated fatty acid
present in fish oi.DHA possesses several
actions such as anti-inflammatory,
neuroprotectitve and cardioprotective effects
(Mayurasakorn et al., 2011). DHA also inhibits
dextran sulfate sodium-induced colitis in
mice.Furthermore, DHA down regulates tumor
necrosis factor alpha and interleukin 1-beta
increased by colitis. Together, these findings
suggest that DHA may be a pure compound of
fish oil responsible for the gastroprotective
actions(Cho et al., 2011). As inflammation and
oxidative stress have been reported to play an
important role in the pathogenesis of gastric
ulceration, the present study was designed to
evaluate the gastroprotective effect of omega-3
PUFAs in a rat model of ethanol-induced
gastric ulcer. Parameters related to gastric
damage,inflammation and oxidative stress were
determined in order to elucidate some of the
mechanisms behind ®-PUFASs gastroprotective
effect.

2.MATERIALS AND METHODS
2.1.Experimental animals:

Forty two white male albino rats, 4-5
weeks old and average body weight 110-130 g
were used in the experimental investigation of
this study. Rats were obtained from Laboratory
Animals Research  Center, Faculty of
Veterinary  Medicine, Moshtohor, Benha
University. Animals were housed in separate
metal cages, fresh and clean drinking water was
supplied ad-libitum through specific nipple.
Rats were kept at constant environmental and
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nutritional conditions throughout the period of
experiment. The animals were left 14 days for
acclimatization before the beginning of the
experiment.

2.2.Chemicals and drugs:

The chemicals and drugs used in the present
study were:

a- Omega-3 (fish oil):

Omega-3 fatty acids was manufactured
by Puritan's Pride, INC. Holbrook,NY 11741
U.S.A. Omega-3 fatty acids present in a soft
gelatin capsulated form with 1360 mg in each
capsule. Ester-omega fish oil 1360 mg provides
950 mg of total fatty acids comprising of
EPA(Eicosapentaenoic acid) 625mg,
DHA(Docosahexaenoic acid)244mg and other
fatty acids. Omega-3 fatty acids were dissolved
in propylene glycol and administered orally in a
daily dose of 244.8 mg/kg body weight using
stomach tube. Dose of omega-3 fatty acids was
chosen to be within the therapeutic range levels
reported in the pamphlet according to (Paget
and Barnes, 1964).

b- Absolute ethyl alcohol (Ethanol):Ethyl
alcohol was manufactured by SIGMA-
ALDRICH Pharmaceutical Chemicals c0.3050
Spruce Street and St Louis; Germany.

Induction of Gastric Ulcer:

Rats were fasted for 24 hours and
allowed free access of water prior to the
administration of ethanol for gastric ulcer
induction. The gastric ulcers were induced in
rats by administering absolute ethanol orally at
a dose level of (0.5ml/100 g rat), Mei et al.,
(2012) .

2.3.Animal grouping:
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Rats were randomly divided into six main equal
groups, 7 rats each, placed in individual cages
and classified as follow:

Group 1: (Control Normal group): received no
drugs, served as control non-treated for all
experimental groups.

Group2: (Omega-3 normal treated group):Rats

received  omega-3(244.8 mg/kg  body
weight/day) orally for 14 days.
Group  3: (early  ulcer  non-treated

group):Ratsreceived absolute ethanol(0.5ml/rat)
on empty stomach and weresacrificed after one
hour later of ethanol administration.

Group 4: (Omega-3 protected group):Rats
received omega-3 (244.8 mg/kg body
weight/day) orally for 14 successivedays prior
to ethanol administration. One  hour
afteradministration of ethanol the animals were
sacrificed.

Group 5:(late ulcernon-treated
group):Ratsreceived absolute ethanol
(0.5ml/rat) on empty stomach and were left free
and sacrificed 14 days later of ethanol
administration.

Group6:(Omega-3 treated group): Ratsreceived
absolute ethanol (0.5ml/rat) on empty
stomachat the first day of experiment and after
one hour, omega-3 treatment (244.8 mg/kg
body weight/day) will be started for 14
successive days thensacrificed.

2.4.sampling:

Gastric tissue specimen were collected
from all animal groups (control and
experimental groups) onceafter the end of 2
weeks.

2.4.1.Gastric tissue for biochemical analysis:

After 14days of treatment with omega3

the rats were sacrificed by cervical
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decapitation. The stomach was quickly
removed, and opened along the greater
curvature using a scrapper, cleaned by rinsing
with cold saline and stored at -20°C for
subsequent biochemical analysis.

Briefly, gastric tissues were cut,
weighed and minced into small pieces,
homogenized with a glass homogenizer in 9

volume of ice-cold 0.05 mM potassium
phosphate buffer (pH7.4) to make 10%
homogenates.  The  homogenates  were

centrifuged at 6000 r.p.m for 15 minutes at 4°C
then the resultant supernatant were used for the
determination ofL-Malondialdhyde (L-
MDA),Nitric oxide(NO) concentrations and
catalase (CAT) activity.

Also, 0.2gm of stomach tissues were
minced into small pieces homogenized with a
glass homogenizer in 0.4 ml of 25%
metaphosphoric acid (MPA) (ref. No.: 253-433-
4, Sigma-Aldrich, Germany), then 1.4 mL of
distilled water was added, mixed and incubated
for 1 hour and centrifuged for 10 min at 3,000
r.p.m then the clean supernatant was removed
and used for determination of GSH
concentration.

2.4.2.Gastric tissue for molecular analysis:

At the end of experiment, and following
sacrificing by decapitation, rats gastric tissue
were immediately excised and frozen in liquid
nitrogen and then in -80°C until used for Tumor
necrosis factor alpha (TNF-a),Myeloperoxidase
(MPQO) and inducible nitric oxide synthase
(INOS)gene expression analysis by gPCR.

2.5.Analysis:
2.5.1.Biochemical analysis:

Gastric  tissue  L-malondialdehyde
L(MDA), nitric oxide(NO), Catalase (CAT)
and reduced glutathione(GSH )were determined
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according to the methods described by
(Mesbahet al., 2004),(Montgomery  and
Dymock, 1961),(Xu et al., 1997) and(Patterson
and Lazarow, 1955), respectively.

2.5.2.Molecular analysis

Total RNA was isolated from stomach
tissue of rats using RNeasy Mini Kit (Thermo
Qiagen,  #74104) according to  the
manufacturer’s protocol. Following
determination of RNA concentration and purity
by Quawellnanodrop Q5000 (USA), 5 mg of
total RNA from each sample was reverse
transcribed  using  Quantiscript  reverse

transcriptase. The produced cDNA was used as
a template to determine the relative expression
of Tumor necrosis factor alpha (TNF-a),
Myeloperoxidase (MPQO) and inducible nitric
oxide synthase (iNOS) genes using Step One
Plus real time PCR system (Applied Biosystem,
USA) and gene specific primers. The reference
gene, Pactin, was used to calculate fold change
in target genes expression. The thermal cycling
conditions, melting curves temperatures, and
calculation of relative expression was done. For
the treated groups, assessment of 274A¢
determined the fold change in gene expression
relative to the control.

Forward and reverse primers sequence for real time PCR.

Gene Forward primer Reverse primer

(5 3) (5 3)
TNFa GCATGATCCGCGACGTGGAA AGATCCATGCCGTTGGCCAG
iINOs GACCAGAAACTGTCTCACCTG CGAACATCGAACGTCTCACA
MPO ACCTACCCCAGTACCGATCC AACTCTCCAGCTGGCAAAAA
p-actin ACCCACACTGTGCCCATCTA CGTCACACTTCATGATG

2.6.Statistical Analysis

For biochemical analysis the obtained
data were analyzed using the statistical package
for social science (SPSS, 13.0 software, 2009),
for obtaining mean and standard deviation and
error. The data were analyzed using one-way
ANOVA to determine the statistical
significance of differences among groups,
followed by Duncan's test.

3.RESULTS:

Effect of omega-3 administration on
gastric tissue NO, L-MDA, CAT and GSH of
ethanol-induced gastric ulcer in male rats is
presented in table (1).The obtained results
showed significant increase in No, L-MDA and
GSH concentrations with marked decrease in
CAT activity in stomach of ethanol-induced
gastric ulcer in rats as compared with control
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However, for molecular analysis the
difference between the groups was determined
by one way ANOVA using GraphPad Prism 5
(GraphPad Software, Inc., LaJolla, CA, USA).
Comparison of means was carried out with
Tukey’s Honestly Significant Difference
(Tukey’s HSD) test. Data were presented as
mean SEM (standard error of mean) and
significance was declared at P < 0.05.

normal group. However, a significant depletion
of gastric tissue No, L-MDA and GSH
concentrations and marked increase in CAT
activity were observed after omega-3
treatmentcompared to  ulcerated untreated
rats.On the other hand, NO, CAT and GSH in
omega-3 treated normal rats were non
significantly increased and L-MDA
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concentration was slightly increased when
compared with control normal group.

Effect of omega-3 administration on the
relative mRNA expression of inflammation-
related genes, TNF-a,MPO and iNOSin
stomach of ethanol-induced gastric ulcer in rats
isshown in table(2).The obtained gPCR results
revealed a significant up regulation of TNF- a,
MPO and iNOSgene expression levels in
stomach of ethanol-induced gastric ulcerative
rats (G3 and G5) as compared to control normal
group (G1) and omega3 group (G2). This
expression was significantly down regulated

following administration of omega 3 either
before (G4) or after (G6) induction of ulcer,
with lower expression in preventive group
(G4).However, the expression levels of TNF-a
and MPO in the two treated groups (G4 and
G6) remained significantly higher than that in
G1 and G2. Unlike in G4, the expression level
of INOS gene expression in G6 remained
significantly higher than that in G1 and G2. In
addition, TNF-o. and iNOS gene expression
was significantly higher in G1 than G2.
However, there was no significant difference in
the expression of MPO gene between G1 and
G2.

Table 1: Effect of omega-3 administration on gastric tissue NO, L-MDA, CAT and GSH of ethanol-

induced gastric ulcer in male rats.

Parameters NO L-MDA CAT GSH
Animal groups (umol/g. tissue)  (mmaol/ g. tissue) (mmole/min/g. tissue) (ng /g. tissue)
Group I: 23.55 + 1.94¢ 2.93+0.17¢ 2.21+0.107 4,70 £ 0.29*
Normal control

Group IT : d b
Omega-3 group 26.26 £ 2.19°¢ 4.27 +0.15° 2.23+0.112 5.46 £ 0.33
Group I1I: b

Early ulcer group 36.85 + 1.69% 6.73+0.34 1.27 £0.10° 6.58 + 0.08%
Group 1V:

Early ulcer + Omega-3 31.76+ 1.15° 2.90 +0.15¢ 1.86 +0.08° 4.80 +0.37%°
protected

Group V.

Late ulcer group 36.55+0.672 7.63 + 0.45% 1.49 £ 0.09¢ 3.84 +0.35°
Group VI:

Late ulcer + Omega-3 29.16 + 0.92" 4.10 + 0.06° 2.04 +0.02% 4,19 +0.28°¢
treated

Data are presented as (Mean + S.E).

S.E = Standard error.

Mean values with different superscript letters in the same column are significantly different at

(P<0.05).
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Table (2): Effect of omega-3 administration on the relative expression of TNF-a, MPO and
INOS gene in stomach of ethanol-induced gastric ulcer-induced in rats.

Tumor necrosis factor
alpha (TNF-a)

Parameters

Animal groups

Myeloperoxidase (MPO)

Inducible nitric oxide
synthase (iNOS)

Fold change SEM Fold change SEM Fold change SEM
mean mean mean

Group I: 1.00°¢ 0.02 1.00 ¢ 0.02 1.00°¢ 0.02
Normal control
Group I1 : 0.44F 0.02 0.99¢ 0.08 0.32¢ 0.01
Omega-3 group
Group I1: 4.03° 0.21 4112 0.25 2.51° 0.12
Early ulcer group
Group IV: 2.201 0.06 2.01° 0.08 1.11°¢ 0.05
Early ulcer +
Omega-3
protected
Group V : 6.282 0.34 4142 0.23 4.03¢ 0.25
Late ulcer group
Group VI: 3.14¢ 0.06 2.81°¢ 0.1 2.50° 0.09
Late ulcer +

Omega-3 treated

Means within the same column carrying different superscript letters are significantly different (P<

0.05).
4.DISCUSSION

Ethanol is an ulcerogenic agent that is
known to produce erosions, ulcerative lesions,
and petechial bleeding in the mucosa of the
stomach. Ethanol rapidly penetrates the gastric
mucosa, causing membrane damage, exfoliation
of cells, erosion, and ulcer formation (Franke et
al., 2005). The obtained results showed
significant increase in No, L-MDA and GSH
concentrations with marked decrease in CAT
activity in gastric tissue of ethanol-induced
gastric ulcer in rats. 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.
Moreover, oxidative stress and inflammation
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are the key mediators in ethanol’s gastric ulcer
pathways. Ethanol provoked free radicals and
depletion in antioxidant activities (Katary and
Salahuddin, 2017).Nearly similar results were
reported by (Mohod et al., 2016) who shown
significant decreased in gastric SOD and GSH
level after acetic acid administration in rats.
Whereas MDA level was significantly
increased. Also, Chellappan et al., (2016)
reported that,a significant reduction in CAT
activity and GSH level were observed in
ethanol  treated rats. However, Lipid
peroxidation was significantly increased as
compared with normal rats. Moreover, Verma
and Kumar (2016) reported that, ulcer induction
with ethanol administration and pylorus ligation
showed a marked reduction in the level of GSH
and activity of SOD and increase in the levels
of TBARS and MPO in ethanol group when
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compared to normal control.Alcohol causes
severe oxidative stress in gastric tissue, which
is manifested as an enhancement in lipid
peroxidation that occurs via an increase in the
MDA content and a decrease in the gastric GSH
content (Cadirci et al, 2007). Lipid
peroxidation is a major outcome of free-radical-
mediated injury, which causes immediate
damage to the cell membrane and is related to
DNA damage (Fortunato et al., 2006). MDA is
a final product of lipid peroxidation, and its
level is commonly measured as an indication of
lipid peroxidation levels in tissues (Dursun et
al., 2009). GSH, the most abundant antioxidant
in cells, plays a major role in the defense
against oxidative stress-induced cellular injury
and is essential for the maintenance of the
intracellular  redox balance (Dey and
Cederbaum, 2006). Consistent with previous
results, the administration of ethanol
significantly increased the concentration of
MDA and decreased that of GSH in the gastric
tissues. Furthermore, the levels of antioxidant
enzymes (CAT and SOD) were markedly
reduced in the ethanol-treated group compared
to the normal control group.  Moreover,
Oxidative stress is brought about by the
generation of free radicals and reactive
metabolites like superoxide, nitric oxide,
hydroxyl radical, hydrogen peroxide
which are unstable byproducts of electron
transfer reactions and are highly reactive with
cellular macromolecules. Gastric damage is
associated with increased  generation of
superoxide anions which under acidic
conditions of the stomach, impair mitochondrial
oxidative phosphorylation and result in cellular
lipid peroxidation and apoptosis of mucosal
cells independent of the involvement of
cyclooxygenase (Nagano et al., 2012).As a
result, the free radical scavenging effect of non
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enzymatic and enzymatic antioxidants gets
diminished that leads to mucosal damage (Sen
etal., 2013).

Nitric oxide is a potent vasorelaxant
involved in the control of the gastric blood flow
and is a gaseous mediator contributing to the
maintenance of gastric mucosal integrity
(Kwiecien et al.,2012).Ethanol increased free
radical production and blunted nitric oxide in
the gastric mucosa, resulting in gastric mucosa
damage (Salga et al.,, 2012).NO is a major
product which is controlled by nitric oxide
synthases (NOSs), such as inducible NOS
(INOS), endothelial NOS, and neuronal NOS.
Most importantly, highly expressed iNOS could
lead to organ destruction in some inflammatory
and autoimmune diseases. NO could lead to
oxidative burst, which would inflict endothelial
damage. Moreover, the enhanced generation of
NO by INOS may contribute to the
pathogenesis of various gastroduodenal
disorders including peptic ulcer (Souza et al.,
2004).Cho, (2001) demonstrated that nitric
oxide (NO) generated from inducible nitric
oxide synthase (INOS) participates in ulcer
formation through the production of peroxide
free radicals and their cytotoxic action. The
enhanced generation of NO by the iNOS might
contribute to the pathogenesis of various
gastroduodenal disorders including peptic ulcer
(Souza et al.,2004).An increase in iNOS
activity in the gastric mucosa was closely
related to the development of gastric mucosal
lesions. Ethanol ingestion could induce severe
gastric mucosal damage by increasing the
expression of the pro-inflammatory mediators
such as iINOS mRNA (Luiz Ferreira et
al.,2012). When NO is generated at micromolar
concentrations by the inducible form (iNOS), it
promotes mucosal injury by enhancing
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apoptosis and inflammation (Calatayud et al.,
2001).

In the current study a significant
depletion of gastric tissue No, L-MDA and
GSH concentrations and marked increase in
CAT  activity  were  observed  after
administration of ®-3 PUFAs in gastric ulcer-
induced rats. Similarly, Mohammed et al.
(2012) showed that n-3 PUFAs reduce
iodoacetamide-induced gastritis in rats by
decreasing malondialdehyde (MDA), gastrin
and nitric oxide (NO), and normalizing mucosal
glutathione. Fish oil (FO) has previously been
shown to positively influence antioxidant status
in tissues and plasma by increasing the activity
of ROS scavenging antioxidant enzymes and
inhibiting LPO (Bhattacharya et al., 2005).
Therefore, inhibition of LPO and increase in
activity of free radical scavenging antioxidant
enzymes could also be one of the mechanisms
involved in the beneficial effect of FO in
preventing gastric ulceration.

Treatment with omega-3 significantly
reduced the  malondialdenyde  (MDA)
concentration level, an indicator of lipid
peroxidation, and also significantly increased
the reduced antioxidant enzyme activities in the
stomach homogenates, most likely by inhibiting
the production of lipid peroxides from fatty
acids in the stomach. The reduction in MDA by
omega-3 in response to the oxidative stress in
rats might be because of the antioxidant effect
of the omega-3 in the stomach homogenate,
where the severe damage to the mucous
membranes caused by ethanol is prevented. The
significantly decreased levels of MDA in rats
which taken omega-3 might be due to the
decreased oxidative gastric damage (Rozza et
al.,2014).Additionally, gastroprotective effects
of fish oil have been reported in gastric ulcers
induced by ethanol (Leung, 1994). Several
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mechanisms have been suggested to be
involved in the gastroprotective effects of fish
oil, including a decrease in gastric acid
secretion and lipid peroxidation as well as an
increase in the levels of antioxidant enzymes
during pyloric ligation and cold-restraint stress
in rats (Bhattacharya et al, 2006). DHA is an n-
3 PUFAs present in fish oil. DHA exhibits
several actions, such as anti-inflammatory,
neuroprotectitve, and cardioprotective effects
(Mayurasakorn et al., 2011). DHA also inhibits
dextran sulfate sodium induced colitis in mice.
Furthermore, DHA downregulates expression
of tumor necrosis factor a and interleukin-1b
increased by colitis (Cho et al., 2011).
Together, these findings suggest that DHA may
be a pure compound of fish oil responsible for
the gastroprotective actions.

Furthermore, o-3 PUFAs paradoxically

potentiate  cellular  antioxidant  defense
mechanisms. DHA inhibited the ROS and RNS
production in murine macrophage cells

stimulated with LPS (Ambrozova et al., 2010).
DHA also diminished intracellular peroxide
production and restored the levels of reduced
glutathione (GSH) in RAW264 cells stimulated
with interferon y (IFNy) plus LPS (Komatsu et
al., 2003). Like peroxide, nitric oxide (NO)
produced by activated macrophages during
infection plays a crucial role in host defense
mechanisms via antimicrobial and
cytoprotective activities. However, excess
production of NO can cause tissue damage
associated  with  acute and  chronic
inflammation. DHA inhibited the expression of
inducible nitric oxide synthase (iNOS), an
enzyme responsible for NO production, in LPS-
treated murine macrophage cells (Komatsu et
al., 2003). Similarly, DHA inhibited NO
production in murine macrophages stimulated
by IFNy plus LPS, and this effect was
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associated with suppression of NF-kBmediated
INOS expression (Komatsu et al., 2003). These
results strongly indicate that DHA exerts
antioxidative as well as anti-inflammatory
actions by reducing the intracellular
accumulation of ROS and RNS, and
maintaining optimal levels of GSH and
antioxidant enzymes.

The obtained gPCR results revealed a
significant upregulation of TNF- a, MPO and
iINOSgene expression levels in stomach of
ethanol-induced gastric ulcerative rats as
compared to control normal group. It has been
documented that experimental impairs gastric
ulcers healing occurred via a mechanism
involving an increase in expression and release
of pro-inflammatory cytokines such as TNF-a
and IL-1p (Sarkate et al., 2015). A high level of
IL-1B  (interlukin-1f) and TNF-a (tumor
necrosis factor- a) from the gastric epithelium
as well as neutrophils and macrophages have
been reported to be overexpressed in the
inflamed  gastric mucosa (Yao, 2015).
Similarly, Song et al., (2016) reported that
ethanol treatment increased TNF-o expression
in the gastric mucosa by 2.2-fold.Also, the
protein expression of INOS was significantly
increased after intragastric administration of
ethanol compared with that observed in the
normal control group. Also, Mohod et al .,
(2016) shown a significant up-regulation in
TNF-a, IL-1B, iNOsand COX-1I mRNA
expression in the pyloric antrum tissue of acetic
acid treated rats as compared to normal
control.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-1p and IFNy
(Wang et al., 2016). Meanwhile, inflammatory
cytokines TNF-a, IL-1B and IFNy stimulate
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neutrophils and macrophages infiltration
(Hasgul et al., 2014) as well TNF-a restrains
gastric  microcirculation around ulcerated
mucosa and delays its healing (Lawrence,
2009). These results were consistent with other
studies asKataryl and Salahuddin (2017) who
reported that, ingestion of ethanol up regulated
protein expression levels of inflammatory
cytokines TNF-a, IL-1B and IFNy in addition to
myeloperoxidase activity. Moreover, induction
of gastric ulcer by ethanol significantly
increasedmucosal expression of mMRNA for
COX-2, IL-100land TNF-[J[J and Warzecha
et al., (2014) who shown that, intragastric
application of ethanol induces gastric mucosal
damage and increases mucosal expression of
mRNA for IL-10J(Jand TNF-[J. Both these
cytokines are well known mediators of acute
inflammation. IL-100Cplays a crucial role in
the induction of systemic acute phase response
and in the release of other members of the pro-
inflammatory cytokine cascade such as TNF-[1,
platelet activating factor (PAF), prostaglandins
and pro-inflammatory interleukins (Dinarello,
2011). In addition to generating ROS, ethanol
administration provokes an inflammatory
response that releases numerous inflammatory
cytokines, such as TNF-o, IL-6, and IL-1p
(Salga et al., 2012). TNF-a is a major
inflammatory cytokine that is secreted by
macrophages during inflammation and plays a
key role in the induction of gastric mucosal
damage (Rozza et al., 2014). TNF-o reduces the
gastric microcirculation around an ulcer and
delays gastric ulcer healing by potentiating the
inflammatory response (Abdelwahab 2013).
Elevated levels of IL-6 activate neutrophils,
lymphocytes and monocytes/macrophages at
the inflammatory site, which in turn initiates
oxidative bursts, toxic metabolites, and the
lysosomal enzymes responsible for local tissue
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damage in peptic ulcer disease( Mei et al.,
2012).

In the current study the obtained gPCR
results revealed a significant downregulation of
TNF- a, MPO and iNOSgene expression levels
in stomach of ethanol-induced gastric ulcerative
rats following administration of omega 3 either
before or after induction of ulcer. Fish oils are
rich sources of n-3 polyunsaturated fatty acids
(PUFAs), especially eicosapentaenoic acid
(EPA, 20:5 n-3) and (docosahexaenoic acid,
DHA, 22:6 n-3). Several studies showed that
dietary fish oil and n-3 PUFAs have
immunomodulatory effects and therapeutic
benefits in various diseases and metabolically
stressed conditions (Chiu et al., 2007).
Inflammatory lipid mediators and cytokines
participate in the development of chronic
lesions of Crohn's disease and ulcerative colitis
(Thyssen et al., 1996). n-3 PUFAs may alter
eicosanoid formation, thus reducing
inflammatory cytokine generation(Wada et al.,
2007). In addition, n-3 PUFAs influence the
process of inflammatory cell activation that
involves effects at the genomic level and signal
transduction to protein expression (Grimm et
al., 2002).

Dietary fish oil completely abolished
mRNA for TNF-a, IL-1B, and IL-6 in the
kidneys of autoimmune disease-prone mice
(Chandrasekar and Fernandes 1994). Fish oil
lowered LPS-stimulated TNF-a mRNA levels
in murine peritoneal macrophages (Renier et
al., 1993). Because eicosanoids derived from
AA regulate inflammatory gene expression, the
effects of n-3 PUFA might come about through
antagonism of the effects of AA-derived
mediators. However, at least some of these
effects have been
demonstrated to occur in an eicosanoid-
independent manner (de Caterina et al., 1994).
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Recent studies indicate that n-3 PUFA exert
some effects through direct actions on the
intracellular signaling pathways that lead to
activation of one or
more transcription factors. Yoshihara et al.,
(2015) reported decreased expression of TNF-
aand inhibited macrophage-mediated
inflammation in the aortas with administration
of EPA and DHA. Furthermore, EPA
derivatives have been used as a treatment of
inflammatory diseases. The therapeutic effect
of omega-3 was dependent on a decreased
production of proinflammatory cytokines (Song
and Horrobin 2004).

In the present study, treatment with
ethanol significantly increased expression of
MPO activity in gastric tissue when compared
normal group. MPO activity was considerably
increased in  stomach  after  ethanol
administration, which confirms neutrophils
activation in gastric mucosa (Antonisamy et
al., 2014).There is increasing resources
suggested the ethanol administration stimulates
neutrophil activation, oxidative stress through
ROS formation, diminishing cellular oxidative
defense, initiating ROS-mediated
lipidperoxidation (Antonisamy et al., 2014).
Inhibition of neutrophil infiltration in ulcerated
gastric tissue is an important mechanism of
antiulcer drugs against mucosal injuries
(Ganguly et al.,, 2005). Moreover, MPO is
peroxidase enzyme and central indicator of
neutrophil infiltration in ulcerogenic injuries
(Nishida et al., 1998). This enzyme is most
abundantly expressed inside the neutrophils and
produces hypochlorous acid (HOCI) from
hydrogen peroxide (H202) and chloride anion
(Cl) through oxidation process, which is
detrimental to host tissues (Halliwell and
Gutteridge, 2006). In this study MPO activity
was considerably increased in stomach after
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ethanol  administration,  which  confirms
neutrophils activation in gastric mucosa.
Omega 3 pretreatment significantly reduced
MPO level in ulcerated rats, suggesting the
ability of Omega 3 to prevent neutrophil
infiltration in ulcerated gastric tissue.

Inducible nitric oxide synthase (iINOS)
IS expressed in the ulcer bed and that iINOS
activity may play beneficial roles in the ulcer
repair  process, possibly by regulating
inflammation (Tatemichi et al.,2003).In the
current study high expression of INOS was
found in stomach tissue after gastric ulcer
induction. Large amounts of NO synthesized
from the inducible isoform have been
implicated in tissue injury in the gut during
inflammatory reactions (Barrachina et al.,
2001). Guoet al.,(2003)also reported that high
expression and activity of iNOS were found to
coincide with severe inflammation in ulcer
tissue. It is known that induction of high-output
INOS wusually occurs in an oxidative
environment, and thus high levels of NO have
the opportunity to react with superoxide anion
(0*) leading to peroxynitrite (ONOO")
formation and cell toxicity, protein tyrosine
nitration, hydroxyl radical production and tissue
damage(Ding et al.,2005).Moreover, NO
produced by inflammatory cells by the
inducible isoform of NOS has antimicrobial,
antitumor and cytotoxic effects, but the
excessive amount may lead to peroxynitrite
formation, protein tyrosine nitration, hydroxyl
radical  production and tissue damage
(Kandhare et al., 2016). Nitrosative stress is an
indispensable stress factor that plays a pivotal
role in the aggravation of ulcers. INOs is
elevated in the gastric mucosa on account of
enhanced nitrosative stress due to ulcers (Yang
et al., 2008). Previous research reported that the
enhanced ulcerogenic response is mediated by
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endogenous NO, mainly produced by iNOS
(Nagai et al., 2009). It has been advocated that
elevated iNOS levels corresponded to a loss of
integrity of gastric mucosa and elevated
gastrointestinal damage (Junior et al., 2014).
This demonstrated that omega 3 might decrease
NO production through inhibition of iINOS
expression in the gastric ulcer tissue, prevent
the abundant release of NO that aggravates
gastric mucosal injury and, ultimately, improve
the healing of ulcers.

5. CONCLUSION:

These findings suggest that oral
treatment with omega-3 shows a significant
gastroprotective effects in ethanol induced
gastric ulcer models confirmed by antioxidant
and anti-inflammatory activities. Also, the
gastroprotective effect of omega-3 might be
mediated by adjustment of inflammatory
mediators and increasing antioxidants as well as
attenuating  oxidant/antioxidant  imbalance.
Moreover, omega-3 administration may have
the potential as an alternative treatment for
gastric ulcer because of its cytoprotective and
anti-inflammatory effects.
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