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ABSTRACT 

Gastric hyperacidity is a serious health problem of global concern. This work was conducted to study the 

effect of chronic administration of omega-3 polyunsaturated fatty acids (PUFA) on HCl secretion and 

stress-induced ulcer in male albino rats. Study groups included 24 rats divided into 2 main groups with 12 

rats in each as follows: pyloric ligation group (A) and water immersion-induced gastric ulceration group 

(B). Each subgroup contained 6 rats. Among the parameters estimated in the studied groups were: free and 

total HCL secretion in group A, and ulcer score, ulcer index, percentage ulcer protection, histology of the 

stomach, eNOS enzyme activity, COX-2 enzyme activity, glutathione reductase enzyme gene expression, 

CCK gene expression and proton pump (H
+
/K

+
 ATPase) gene expression in group B.  

RESULTS showed significant decrease in free and total acidity, ulcer score and index, COX-2 enzyme 

activity and Proton pump (H
+
/K

+
 ATPase) gene expression among ω-3 fed rats compared with the results 

of the control group. On the other hand significant elevation was observed in the percentage ulcer 

protection, eNOS enzyme activity, glutathione reductase gene expression and CCK gene expression among 

omega-3 fed rats compared to control group.  

CONCLUSION, the present study revealed a protective effect of omega-3 PUFA on stress-induced gastric 

ulceration. 

Key words: Gastric hyperacidity, HCl, H
+
/K

+
 ATPase pump, H2-receptor blockers, omega-3 PUFA. 

 

INTRODUCTION 

Dietary fat includes all the lipids in plant and 

animal tissues that are eaten as food. The most 

common fats (solid) or oils (liquid) are glycerol-

lipids, which are essentially composed of 

triglycerides (TGs). Fatty acids constitute the 

main components of these lipid entities and are 

required in human nutrition as a source of energy 

and for metabolic and structural activities
1
. 

Omega-6 and omega-3 PUFA are important 

structural components of the phospholipids cell 

membranes of the tissues, which have multiple 

physiological functions
2,3

. The composition of the 

phospholipids influences cell membrane 

characteristics such as fluidity and permeability to 

other molecules. They are essential for various 
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membrane functions such as activity of 

membrane-bound enzymes and receptors and 

signal transduction
4
. 

Stress-induced lesions in the gastrointestinal tract 

can cause overt bleeding and hemodynamic 

instability in critically ill patients
5
. The 

mechanism of stress ulcer is believed to be multi-

factorial and is not completely understood. It 

involves a complex set of interactions that causes 

a breakdown of the mucosal protective defenses 

allowing aggressive physiological factors to 

produce injury and ulceration
6
. Many factors such 

as gastric acid and pepsin secretion, gastric 

microcirculation, prostaglandin E2 (PGE2) 

content
7
, splanchnic hypo-perfusion

5
 and pro-

inflammatory cytokines. Among these cytokines 

are interleukin 1 (IL-1) and tumor necrosis factor 

alpha (TNF-α)
8
 which play - each in different way 

- important roles in the genesis of gastric mucosal 

damage and its subsequent development. The 

mechanism of water-immersion and restraint 

stress-induced gastric mucosal lesion is 

complicated and not yet fully understood. The 

pathogenesis of the injury may be recognized at 

different levels, for example, at psychological, 

physiological, psychosomatic
9
, integrative, 

organic, cellular and molecular levels. Shu et al. 

(2012) differentiated the relative importance of 

the pathways by which the stress stimulus signals 

were sensed and transferred to the central nervous 

system (CNS)
10

. Thus, the aim of the work was to 

investigate, the possible effect of chronic 

administration of omega-3 polyunsaturated fatty 

acids on gastric acid secretion and to study if this 

action has any effect on stress-induced ulcers in 

male albino rats. 

 

MATERIALS & METHODS 

EXPERIMENTAL ANIMALS: A total of 24 

male albino rats weighing 150-175 gm were used. 

The rats were housed in wire mesh cages at room 

temperature, veterinary care was provided by 

laboratory animal house unit of Kasr Al-Ainy 

faculty of medicine, Cairo University. Before the 

day of experiments all rats were starved for 24 

hours, with free access to water until the 

beginning of experimental protocol. 

CHEMICALS: Omega-3 fatty acids: omax3. 

Prevention pharmaceuticals. 24 Arnett Avenue, 

Suite 107, Lambertville, NJ 08530. 

 

EXPERIMENTAL PROTOCOL: Rats were 

divided into two groups:  

Group A: experimental design for pyloric ligation 

induced gastric ulcer: 12 rats were divided into 2 

subgroups, each consists of 6 animals: 

Subgroup i: fed for 6 weeks on a standard 

laboratory rat diet offered ad lib. 

Subgroup ii: fed for 6 weeks on a standard 

laboratory rat diet enriched with 100 g/kg of ω-3 

PUFA
11

 offered ad lib. 

On the 35th day, the 3 groups of rats were fasted 

24 hours prior to induction of gastric ulcer. 

Pyloric ligation was done by ligating the pyloric 

end of the stomach of rats
12

. Animals were 

allowed to recover and stabilized in individual 

cage and were deprived of water during post-

operative period. After 3 hours of surgery, rats 

were sacrificed by cervical dislocation.  

Both free and total HCl secretion were measured 

in this group (A). 

Group B: experimental design for water-

immersion restraint-induced gastric ulcer: 12 rats 

will be divided into 2 subgroups, each consists of 

6 animals: 

Subgroup i: fed for 6 weeks on a standard 

laboratory rat diet offered ad lib. 

Subgroup ii: fed for 6 weeks on a standard 

laboratory rat diet enriched with 100 g/kg of ω-3 

PUFA offered ad lib. 

The rats were fasted 24 hours prior to stress 

induction. Rats were immobilized in a stress cage 

and then immersed to the level of the xiphoid in a 

water bath at 23±0.2
o
C for 4 hours

13
. Then they 

were removed from the cage and sacrificed by 

cervical dislocation. Ulcer score, ulcer index, 

percentage ulcer protection, histology of the 

Stomach, eNOS enzyme gene expression, COX-2 

enzyme activity, glutathione reductase enzyme 

gene expression, CCK gene expression and 
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proton-pump (H
+
/K

+
 ATPase enzyme) gene 

expression were measured in this group (B). 

 

DETERMINATION OF ULCER INDEX: 

Stomachs of group B (water immersion rats) were 

opened at the greater curvature, fixed on cork for 

determination of ulcer index. The Ulcer index was 

calculated according to the method of Suzuki et 

al., 1976
14

. The lesions were counted with the aid 

of hand lens (10X) and each given a severity 

rating as follows: 

a) 1 Less than 1mm (Pin point) 

b) 2 1-2 mm 

c) 3 Greater than 2 mm and above 

The ulcer score was divided by a factor of 10 to 

get the ulcer index. 

 

DETERMINATION OF PERCENTAGE 

ULCER PROTECTION: Percentage ulcer 

protection was calculated by the formula
15

: 

Ulcer protection (%) = (Uc-Ut/Uc) X 100 

Where: 

Uc = ulcer index of control group. 

Ut = ulcer index of test group. 

 

PYLORIC LIGATION: An aseptic surgical 

procedure was employed for group (A) animals. 

The rats were anesthetized by intra-peritoneal 

injection with thiopental sodium (30mg/kg), after 

that the abdomen was opened by a small midline 

incision of approximately 3 cm, at one cm below 

the xiphoid process. Stomach was exposed and a 

tight knot was applied around the pyloric 

sphincter using 4-0 silk ligature. The stomach was 

placed carefully and abdomen wall closed by 

interrupted sutures. Immediately after suturing the 

incision, the wound was cleaned and covered by 

local antibiotic ointment (Terramycin). The rats 

were returned to their cages and left for 3 hours
12

. 

ANIMAL SACRIFICE AND SAMPLES 

COLLECTION: Animals were sacrificed by 

cervical dislocation, the thorax and abdomen were 

opened, esophagus was ligated and the stomachs 

were dissected and removed quickly. The contents 

of the stomach were collected. 

MEASUREMENT OF GASTRIC ACID 

SECRETION: After collection of gastric fluid, 

the total volume of gastric content was measured. 

The gastric contents were centrifuged at 1000 rpm 

for 10 min. One ml of the supernatant liquid was 

pipetted out and diluted to 10 ml with distilled 

water. The solution was titrated against 0.01N 

NaOH using Topfer’s reagent as indicator, to the 

endpoint when the solution turned to orange color. 

The volume of NaOH needed was taken as 

corresponding to the free acidity. Titration was 

further continued till the solution regained pink 

color. The volume of NaOH required was noted 

and taken as corresponding to the total acidity
16

.  

 

MEASUREMENT OF COX-2 ENZYME 

ACTIVITY: By using Cayman’s COX activity 

assay kit. Cayman’s COX Activity Assay Kit 

measures the peroxidase activity of COX. The 

peroxidase activity is assayed colorimetrically by 

monitoring the appearance of oxidized N,N,N,N’-

tetramethyl-p-phenylenediamine (TMPD) at 590 

nm
17

. It can be used with both crude (cell 

lysates/tissue homogenates) and purified enzyme 

preparations. The kit includes isozyme-specific 

inhibitors for distinguishing COX-2 activity from 

COX-1 activity. 

DETECTION OF eNOS, CCK, 

GLUTATHIONE REDUCTASE AND H+/K+ 

ATPase GENE EXPRESSION BY REAL 

TIME-PCR: Quantitative Real Time PCR 

Protocol. Real time quantitative polymerase chain 

reaction (qPCR) differs from regular PCR by 

including in the reaction fluorescent reporter 

molecules that increase proportionally with the 

increase of DNA amplification in thermocycler. 

There are two types of fluorescent chemistries for 

this purpose: double-strand DNA-binding dyes 

and fluorescently labeled sequence specific 

probe/primer. SYBR Green I dye and TaqMan® 

hydrolysis probe are the common examples for 

these two, respectively. The SYBR Green method 

doesn't need fluorescently labeled probe/primer 

and costs much less than the TaqMan® method. 

The key equipment for qPCR is a specialized 
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thermocycler with fluorescence detection modules 

which is used to monitor and record the 

fluorescence in real time as amplification occurs. 

A typical workflow of qPCR for gene expression 

measurement involves RNA isolation, reverse 

transcription, qPCR assay development, qPCR 

experiment and data analysis. 

 

RESULTS 

The results of present work showed a highly 

significant (P-value < 0.05) decrease in the mean 

values of both total and free acidity between 

subgroup Aii (ω-3 fatty acids fed) and control 

subgroup Ai. As shown in Table 1 and Figure (1), 

the mean value of total acidity of subgroup Ai was 

71.683 mEq/L ± 1.076 and that of free acidity was 

29.733 mEq/L ± 0.628, while in subgroup Aii, the 

mean value of total acidity was 61.267 mEq/L ± 

0.683 and that of free acidity was 19.517 mEq/L ± 

0.771. The results of the present work also 

showed a highly significant (P-value <0.05) 

decrease in ulcer index between ω-3 fatty acids 

fed rats (subgroups Bii) with a mean value of 0.5 

± 0.089 and control subgroup Bi in which the 

mean value of the ulcer indices was 1.117 ± 0.075 

(Table 2 and Figure (2)). The mean value of 

percentage ulcer protection among ω-3 fatty acids 

fed rats (subgroup Bii) was 54.293% ± 8.724.

 

Table (1): Comparison of total acidity, free acidity and ulcer index between subgroups Ai (control) and Aii 

(ω-3 fatty acids fed) 

 

 

 

 

 

 
 

                                                   

#
Mean is in mEq/L 

*:statistically significant compared to corresponding value in subgroup Bi (P<0.05). 

 

Table (2): Comparison of total acidity, free acidity and ulcer index between subgroups Bi (control) and Bii 

(ω-3 fatty acids fed) 

 

 

 
 

# 
Mean is in mEq/L 

*: statistically significant compared to corresponding value in subgroup Bi (P<0.05). 

 

 

 

 

 

 

 

 

 

 Subgroup Ai Subgroup Aii 

Total 

acidity 

Mean
# 

71.683 61.267 

S.D. ± 1.076 0.683 

Free 

acidity 

Mean
# 

29.733 19.517 

S.D. ± 0.628 0.771 

  <0.05* 

 Subgroup Bi Subgroup Bii 

Ulcer 

  index 

Mean 1.117 0.5 

S.D. ± 0.075 0.089 

P Value  <0.05* 
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Values are represented as mean ± SD. 

*: statistically significant compared to corresponding value in subgroups Ai (P<0.05). 

Figure (1): Comparison of total and free acidity between subgroup Ai (control) and Aii (ω-3 fatty acids 

fed).  

 

 

 

 

 

 

 

 

 

 

 

 

Values are represented as mean ± SD. 

*: statistically significant compared to corresponding value in subgroups Bi (P<0.05). 

Figure (2): Comparison of ulcer indices between subgroup Bi (control) and Bii (ω-3 fatty acids fed). 
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      Glutathione reductase enzyme gene expression 

                                    (7) 

 

 

 

 

 

 

 

               CCK gene expression 

 

 

 

 

 

 

 

 

          

            H+/K+ ATPase enzyme gene expression 

Values are represented as mean ± SD. 

*Statistically significant compared to corresponding value in subgroup Bi (P<0.05)
 

Figure (3): Comparison of eNOS enzyme gene expression between subgroups Bi (control) and Bii (ω-3 

fatty acids fed).  

Figure (4): Comparison of COX-2 enzyme activity between subgroups Bi and Bii.  

Figure (5): Comparison of glutathione reductase enzyme gene expression between subgroups Bi and Bii. 

Figure (6): Comparison of H
+
/K

+
 ATPase enzyme gene expression between subgroups Bi and Bii.  

Figure (7): Comparison of CCK gene expression between subgroups Bi and Bii 

 

The results of present work – as seen in Table 3 - 

also showed a highly significant (P-value < 0.05) 

increase in eNOS enzyme gene expression 

between subgroup Bii (ω-3 fatty acids fed) with a 

mean value of 0.87 ± 0.037 and control subgroup 

Bi with a mean value of  0.283 ± 0.039 (Figure 3). 

Furthermore, the results also showed a highly 

significant (P-value < 0.05) decrease in COX-2 

enzyme activity between subgroup Bii with a 

mean value of 4.118 nmol/min/ml ± 0.305  and 

subgroup Bi with a mean value of 11.647 

nmol/min/ml ± 1.156 (Figure 4). In addition, the 

results have shown a highly significant (P-value < 

0.05) increase in glutathione reductase enzyme 

gene expression between subgroup Bii with a 

mean value of 75.283 ± 3.527 and subgroup Bi 

with a mean value of 30.733 ± 5.854 (Figure 5). 

The results also showed a highly significant (P-

value < 0.05) decrease in H
+
/K

+
 ATPase enzyme 

gene expression between subgroup Bii with a 

mean value of 3.268 ± 0.902 and subgroup Bi 

with a mean value of 11.167± 0.794 (Figure 6). In 

addition, the results showed a highly significant 

(P-value < 0.05) increase in CCK gene expression 

between subgroup Bii with a mean value of 0.937 

± 0.064 and subgroup Bi with a mean value of 

0.385 ± 0.079 (Figure 7).  In addition, the current 

results - from macroscopic and microscopic 

(histo-pathological) examination - recorded more 

significant protection against stress-induced 

 

 * 

 * 

* 

* 
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gastric ulcer in ω-3 fatty acids fed rats (subgroup 

Bii) Figures (9) and (11) as compared to control 

subgroup Bi Figures (8) and (10). 

 

 

 

 

 

Table (3): Comparison of eNOS enzyme gene expression, COX-2 enzyme activity, glutathione reductase 

enzyme gene expression, H
+
/K

+
 ATPase enzyme gene expression and CCK gene expression between 

subgroups Bi (control) and Bii (ω-3 fatty acids fed). 

 

 

 

 

 

 
 

 

 

 

 

 

 

#
 Mean is in nmol/min/ml 

*: statistically significant compared to corresponding value in subgroup Bi (P<0.05) 

 

 

 

 

  

                                

 

 

 

 

 

 

 

 

 

 

 

 

Figure (8): Macroscopic representation of gastric mucosa of Subgroup Bi (control group). 

Figure (9): Macroscopic representation of gastric mucosa of group I Subgroup Bii (Omega-3 fed group). 

 

 

 

 Subgroup Bi Subgroup Bii 

eNOS enzyme gene 

expression 

Mean 0.283 0.87 

S.D. ± 0.039 0.037 

COX-2enzyme activity 
Mean

# 
11.647 4.118 

S.D. ± 1.156 0.305 

glutathione reductase 

enzyme gene expression 

Mean 30.733 75.283 

S.D. ± 5.854 3.527 

H
+
/K

+
 ATPase enzyme 

gene expression 

Mean 11.167 3.268 

S.D. ± 0.794 0.902 

CCK gene expression 
Mean 0.385 0.937 

S.D. ± 0.079 0.064 

P Value  <0.05* 

(8) (9) 
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Sections of gastric excision biopsies revealing wide ulceration of the gastric mucosa (1), with edematous 

lamina propria (2) with severe lymphoplasma cell infiltrate with excess neutrophils (3 dashed arrows).  

(A picture is consistent with severe acute ulcerative gastritis.) 

Figure (10): Microscopic representation (10X and 20X) of gastric mucosa of subgroup Bi (control group) 

stained with Hx & E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sections of gastric excision biopsies revealing intact gastric mucosa (1), and moderately edematous lamina 

propria with engorged capillaries (2) and mild lymphoplasma cell infiltrate with neutrophils (3 dashed 

arrows).  

(A picture consistent with mild acute gastritis) 

Figure (11): Microscopic representation (10X and 20X) of gastric mucosa of Subgroup Bii (omega-3 fed 

group) stained with Hx & E. 

 

DISCUSSION 

The results of the present work illustrated that 

feeding rats with ω-3 fatty acids (subgroups Bii) 

produced significant reduction in stress-induced 

gastric ulcer. The results of the present work 

demonstrated that stress-induced gastric ulcer 

produced by water immersion for 4 hours at 

temperature of 23± 0.2 ˚C in control group (as a 

form of acute stress) was significantly reduced 

after adding 100g/kg fish oil for the experiment 

period of 6 weeks. These results are consistent 

with the work of Shu et al., (2012)
10

. On the other 

(1) 

(2) 

(3) 

(1) 
(2) 

(3) 
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hand Faust et al.1990
18

 denied the presence of any 

cyto-protective effect of ω-3 fatty acids on gastric 

ulcer. He stated that fish oil feeding had no 

significant effect on mucosal prostaglandin E2 or 

F2 alpha content or on the damaging effect of 

aspirin on the stomach. 

The effect of ω-3 fatty acid on the development of 

gastric ulcer has been studied extensively. Fish 

oil, rich in ω-3 fatty acid, is reported to reduce 

gastric acid secretion
19

. Although earlier reports 

on the effect of cod liver oil (CLO) on gastric 

ulcers are confusing, studies carried out using 

different constituents of fish oils such as ω-3 

polyunsaturated fatty acids reveal that they 

possess antiulcer and antioxidant effect
20

. Ω-3 

triglycerides are also known to inhibit ulcer 

formation in pylorus ligated rats
21

 and increase 

healing of gastric ulcers in rats
22

.  

On measuring total and free acidity, the results of 

present work demonstrated that ω-3 fatty acids fed 

rats (subgroup Aii) had a highly significant 

decrease in their mean values compared to control 

subgroup Ai. Ω-3 fatty acids fed rats had also a 

highly significant increase in the mean value of 

CCK gene expression compared to control 

subgroup Ai. 

It is well known that intra-duodenal 

administration of fat inhibits gastric acid secretion 

and stimulates the release of several gut peptides 

including secretin and cholecystokinin (CCK) in 

the rat
23

, in the dog
24

, and in the human
25

. Some 

studies 
26

 show that in humans endogenous CCK 

exerts a similar inhibitory influence on gastric 

acid secretion and gastrin release. The exact role 

of CCK as a mediator of the inhibition of gastric 

acid secretion and gastrin release remains unclear, 

although two mechanisms could account for these 

effects. First, a negative feed-back mechanism 

controlling gastrin secretion and mediated by 

CCK could exist. In vitro experiments have shown 

that CCK can potently stimulate somatostatin 

release from isolated canine fundic mucosal 

cells
27

. It is also well documented that gastrin 

secretion is under somatostatin control in rats
28

. A 

second mechanism would imply other inhibitory 

peptides which plasma levels increase after the 

ingestion of a fatty meal, with their release being 

mediated, at least in part, by CCK. One possible 

candidate could be pancreatic polypeptide (PP)
29

. 

The results of present work demonstrated that ω-3 

fatty acids fed rats (subgroups Bii) had a highly 

significant decrease in the mean value of gastric 

H
+
/K

+
 ATPase enzyme activity and the mean 

value of ulcer index compared to the control 

group (subgroups Bi). Hyperacidity is a 

pathological condition due to uncontrolled 

hypersecretion of hydrochloric acid from the 

parietal cells (PC) of gastric mucosa through the 

proton pumping by H
+
/K

+
 ATPase harbored on 

the plasma membrane of PC
30

. 

Fish oil, rich in ω-3 fatty acid, is reported to 

inhibit offensive mucosal factors and oxidative 

stress and to augment defensive mucosal factors
31

. 

Further, fish oil reduced development of cold plus 

restraint ulcers in rats
32

. Ω-3 fatty acid had proved 

its cyto-protective action in gastric mucosa of rats 

against stress induced damage by its antioxidant 

mechanism
33

.  

It has been suggested that the use of ω-3 PUFAs 

may have ameliorating effect on ROS damage to 

gastric mucosa by two possible ways: First, ω-3 

PUFA may increase the levels of catalase enzyme 

within the peroxisome and in the cytoplasm 

resulting in enhanced defense against free oxygen 

radicals. Second, ω-3 PUFAs that has been 

supplemented may replace polyunsaturated fatty 

acid components of the membranes that had been 

attacked by oxygen free radicals such as 

superoxide anions, hydrogen peroxide and 

hydroxyl radicals
34

.  

In addition to its ameliorating effect on ROS, 

tissues metabolize PUFAs to oxygenated products 

that have much more potent impacts on 

peroxisome proliferator-activated receptor gamma 

(PPAR-γ) than their parent molecules
35

. The anti-

inflammatory LTs, PGD2, PGE1, PGIs, are 

derived from n-3 PUFAs eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA)
36

. The 

beneficial effect of fish consumption with high 

contents of EPA and DHA might be attributed to 
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the displacement of AA from the cell membrane 

phospholipid and to a preferential formation of 

less pro-inflammatory PGs (such as PGE3, PGF3α, 

TXA3), and LTs (such as LTB5, LTC5, and 

LTD5)
37

. 

The PPAR family of nuclear receptors comprises 

three distinct gene products, PPAR-α, β/δ and γ, 

that differ in ligand specificity, tissue distribution, 

and developmental expression
38

. Reports showed 

gastric expression of PPAR-γ
39

. The activation of 

PPAR-γ significantly accelerates the ulcer healing 

by the mechanism involving NO
40

. Several 

previous studies indicated a central role of NO in 

protection of gastric mucosa, mainly due to an 

improvement of gastric mucosal 

microcirculation
41

. 

The anti- ulcerogenic effect of the PPAR-γ 

agonists could be also attributed to the 

improvement of the antioxidant status of the 

animals due to an increase in mucin content of the 

gastric mucosa
42

. The protective effect of the 

PPAR-γ ligands against gastric injury may be 

explained by the increased glutathione level in 

gastric mucosa by two different ways. Firstly, 

glutathione is a cofactor in some steps of PGs 

synthesis, so it will help the conversion of PGG2 

to PGH2 and the subsequent conversion to PGE2
43

, 

Secondly, through glutathione depletion, gastric 

damage is induced
44

. Prostaglandin synthetase is 

incapable of synthesizing PGE2 after depletion of 

glutathione from the medium
45

. PGs have an 

established role in the protection of gastric 

mucosa against different types of gastric lesions. 

Of particular interest is the fact that the anti-

secretory PGs can protect the mucosa. Moreover, 

the non-anti-secretory PGs, such as PGF2 are also 

protective
46

. 

It has been reported that PPAR-γ agonists inhibit 

production of pro-inflammatory cytokines such as 

TNF-α, IL-1β, and IL-6. Jiang et al. 1998 

demonstrated that activation of PPAR-γ inhibited 

inflammatory cytokine production by stimulated 

monocytes/macrophages
47

. Konturek et al. 2010 

demonstrated that PPAR-γ agonists accelerate the 

healing of pre-existing acetic acid gastric ulcers in 

rats due to the hyperemia at ulcer margins and the 

anti-inflammatory action including suppression of 

IL-1β, TNF-α, COX-2 and iNOS and by an over 

expression of heat shock protein 70 (HSP 70)
48

. 

This is supported by the results of present work 

that have shown a highly significant increase in 

the mean value of eNOS enzyme gene expression, 

a highly significant increase in the mean value of 

glutathione reductase enzyme gene expression and 

a highly significant decrease in the mean value of 

COX-2 enzyme activity in ω-3 PUFA subgroup 

(Bii) compared to control subgroup (Bi). 

 

SUMMARY AND CONCLUSION 

In conclusion, the present study revealed a gastro-

protective effect of chronic administration of ω-3 

PUFA – in the form of fish oil rich in both EPA 

and DHA- on stress-induced gastric ulceration. 
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