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Introduction: Nonsteroidal anti-inflammatory drugs (NSAIDs), such as aspirin, are widely used but often
induce gastric ulcers as a major side effect. This study aimed to investigate the protective and healing effects
of docosahexaenoic acid (DHA), an omega-3 fatty acid, against aspirin-induced gastric ulcers in rats.

Materials & Methods. Male Wistar rats were divided into four groups: an ulcer control group, two DHA-
treated groups (low dose and high dose), and a group receiving omeprazole as a standard anti-ulcer agent.
Ulcers were induced by oral administration of aspirin for three consecutive days, followed by 14 days of
treatment.

Results:
healing in DHA-treated groups, especially at the higher dose, with reduced inflammatory cell infiltration,
restored mucosal integrity, and normalized glandular architecture. Biochemical analyses demonstrated
dose-dependent increases in antioxidant enzymes SOD and CAT, along with significant reductions in
oxidative (MDA) and inflammatory (MPO, TNF-a, IL-1B, and IL-6) markers. DHA-H showed
comparable or greater efficacy than omeprazole in reducing oxidative stress and IL-1f levels, though
omeprazole remained more effective in ulcer area reduction.

Macroscopic and histopathological evaluations revealed significant improvements in ulcer

Conclusion: DHA, particularly at higher doses, ameliorates aspirin-induced gastric injury by modulating
oxidative stress and inflammatory pathways. These findings suggest the potential of DHA as a
complementary or alternative therapy to PPIs in managing NSAID-induced gastropathy, especially for
patients unresponsive to or intolerant of standard treatments. While our study demonstrates the
therapeutic potential DHA, the lack of signaling pathway analysis, such as NF-kB/NLRP3, limits
mechanistic depth. Future studies should address this gap to validate molecular targets.
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Introduction

Gastric ulcers represent a significant global health
concern affecting approximately 10% of the
population ~ worldwide.  Non-steroidal  anti-
inflammatory drugs (NSAIDs), particularly aspirin,
are among the most common causes of gastric ulcers
due to their widespread use for pain management,
inflammation  control, and  prevention  of
cardiovascular events. Aspirin-induced gastric ulcers
occur when the drug disrupts the protective mucosal
barrier of the stomach, leading to tissue damage and
ulceration. This damage is characterized by mucosal
erosion, inflammation, and oxidative stress (1).

Aspirin and other NSAIDs have been widely used to
establish animal models of gastric ulcers due to their
reliable ulcerogenic properties (2). The primary
mechanism by which aspirin induces gastric ulcers
involves the inhibition of prostaglandin synthesis (3).
Prostaglandins, particularly  prostaglandin  E2
(PGEZ2), play a crucial protective role in maintaining
gastric mucosal integrity by increasing mucus
secretion, maintaining blood flow, and decreasing
acid secretion (2). Beyond the disruption of
prostaglandin  pathways, aspirin-induced gastric
ulcers are associated with increased oxidative stress
markers such as malondialdehyde (MDA) and
elevated proinflammatory cytokines including tumor
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
and interleukin-10 (IL-10). Concurrently, there is a
reduction in gastroprotective antioxidant enzymes
such as superoxide dismutase (SOD), glutathione
(GSH), and catalase (CAT) (2).

Docosahexaenoic acid (DHA), a long-chain omega-3
polyunsaturated fatty acid primarily found in fish oil,
has garnered scientific interest for its potential
therapeutic effects on various inflammatory
conditions. Recent research has explored the role of
DHA in gastric ulcer healing, particularly those
induced by aspirin. DHA possesses anti-
inflammatory, antioxidant, and tissue-regenerative
properties that may counteract the damaging effects
of aspirin on gastric mucosa. The evaluation of

therapeutic effects of DHA on aspirin-induced gastric
ulcers involves examining histological changes in
gastric tissue, monitoring ulcer healing rates, and
measuring oxidative stress markers to determine its
protective mechanisms (4, 5).

Research has increasingly focused on DHA, a long-
chain omega-3 polyunsaturated fatty acid, for its
protective effects against gastric damage caused by
non-steroidal anti-inflammatory drugs, including
aspirin (6). Fish oil, which is rich in omega-3 fatty
acids including DHA, has been shown to reduce
gastric acid secretion, providing a key mechanism for
its gastroprotective effects (7). The cytoprotective
action of DHA against gastric mucosal damage works
through multiple pathways. First, it may increase the
levels of catalase enzyme within the peroxisomes and
cytoplasm, enhancing defense against free oxygen
radicals. Second, supplemented DHA can replace
polyunsaturated fatty acid components of cell
membranes that have been damaged by reactive
oxygen species (6, 7).

Beyond its gastroprotective effects,; DHA has
demonstrated regenerative properties in other tissues,
suggesting similar benefits for gastric tissue healing.
Research has shown that DHA treatment improves
nerve regeneration, enhances sensitivity, and
accelerates wound healing in diabetic mouse models
(8,9).

The main objectives of this study were to evaluate the
anti-ulcerative, antioxidant, and anti-inflammatory
effects of DHA in an aspirin-induced gastric ulcer
model in rats.

Materials and methods

Reagents

DHA was purchase from Sigma Aldrich
(CN=D2534, USA). Enzyme-linked immunosorbent
assay (ELISA) kits were purchased from Bioassay
Technology Laboratory (CN=S-20052, China).
Aspirin was purchased from Osveh pharmacology.
Co (Iran).
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Experimental Animals

In this study, male Wistar rats (180-220 g) were
randomly assigned into four experimental groups
(n=6 per group) following induction of gastric ulcers
using aspirin. Gastric ulcers were induced by
administering aspirin orally at a dose of 250 mg/kg
once daily for three consecutive days. The doses of
DHA (100 mg/kg and 300 mg/kg) were selected
based on previous studies that demonstrated the
efficacy and safety of these doses in rodent models of
gastric injury and oxidative stress (5, 10). After ulcer
induction, the rats were treated daily for 14 days with
one of the following interventions: Group | served as
the ulcer control and received no therapeutic agent
post-ulcer induction; Group Il received DHA at a low
dose of 100 mg/kg/day; Group Il received a high
dose of DHA at 300 mg/kg/day; and Group 1V,
serving as a positive control, received omeprazole at
20 mg/kg/day. All treatments were administered
orally, and rats were housed under standard
laboratory conditions with ad libitum access to food
and water. Body weights were recorded at baseline,
mid-treatment, and prior to sacrifice to assess
treatment tolerability. Post-ulcer induction, rats were
treated daily for 14 days with the assigned
interventions. At the end of the treatment period,
euthanasia was performed via cervical dislocation
under continued anesthesia (ketamine/xylazine,
100/10) to minimize distress, and their stomachs
were harvested for macroscopic ulcer evaluation,
histopathological examination, and biochemical
assays of oxidative stress markers. This protocol
allowed for a systematic assessment of the ulcer
healing potential and antioxidant effects of DHA
compared to a standard anti-ulcer drug.

Induction of gastric ulcer

Induction of gastric ulcers was achieved using a
standardized aspirin-induced ulceration protocol.
Prior to ulcer induction, all rats were fasted for 24
hours with free access to water to ensure an empty
stomach and consistent baseline gastric conditions
across groups. The rats were then administered

aspirin orally via gavage at a dose of 250 mg/kg body
weight once daily for three consecutive days. This
dosage and duration were selected based on pilot
study and confirmation of gastric ulcer induction.

Macroscopic and histopathological evaluation

At the end of the treatment period (14 days post-ulcer
induction), rats were euthanized under anesthesia,
and the stomachs were excised, opened along the
greater curvature, rinsed with cold saline, and
examined for both macroscopic and microscopic
parameters.

Macroscopic evaluation involved quantifying the
ulcer index, calculated based on the number and
severity of visible gastric lesions using a standardized
scoring system. Each ulcer was measured, and the
ulcer area was computed in mm2, with a cumulative
ulcer index determined per rat. Representative
sections of gastric tissue were fixed in 10% formalin,
embedded in paraffin, and sectioned at 5 pm
thickness using a microtome. Sections were stained
with hematoxylin and eosin (H&E) and examined
under a Nikon Eclipse E200 microscope (Nikon
Corporation, Japan). These sections were examined
under a microscope to assess epithelial integrity,
mucosal edema, inflammatory cell infiltration,
hemorrhage, and regenerative changes, with each
histological feature graded using a semi-quantitative
scoring system (0 = None, 0.5 = Minimal, 1 = Mild,
2 = Moderate, 3 = Severe).

We performed a histopathological examination on
gastric biopsies. The ulcer evaluation was done on the
whole stomach on day 14 to assess the healing effect.
Ulcer indexing was performed according to the
previous study by Bhattacharya et al. (2006). To
measure the ulcer area, the length and thickness of the
ulcer in mm2 were measured at a magnification of
40x% and the information was processed using limageJ
software. The area of the gastric ulcer in each section
(5 sections/sample) was determined. Gastric
histology was evaluated by A pathologist who was
blinded to the other assays and results.
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Oxidative stress biomarkers in gastric tissue

To assess oxidative stress status, gastric tissue
homogenates were prepared and analyzed for key
biochemical markers. Lipid peroxidation was
measured via MDA levels using the thiobarbituric
acid reactive substances (TBARS) assay. Antioxidant
enzyme activities, including SOD and CAT, were
quantified using spectrophotometric assays based on
their ability to scavenge free radicals or decompose
hydrogen peroxide, respectively. In addition,
myeloperoxidase (MPO) activity was assessed by
enzyme-linked immunosorbent assay method
(ELISA) to estimate neutrophil infiltration and
associated inflammation in the gastric tissue.

Anti-inflammatory activity

Prior to euthanasia, whole blood samples were
collected from the rats via cardiac puncture under
anesthesia for subsequent analysis of inflammatory
cytokines (IL-1p, IL-6, TNF-a). Serum was separated
by centrifugation (3,000 rpm for 15 min at 4°C) and
stored at —80°C until assayed. This procedure
ensured minimal stress to the animals and alignment
with ethical guidelines. The serum levels of IL-1,
IL-6, and TNF-a were measured using ELISA Kkits,
following  the  manufacturer’s  instructions.
Absorbance was read at 450 nm using a microplate
reader (Eppendorf, Germany). To maintain
consistency in the assay, each plate included both
positive control (FBS) and negative control (PBS)
samples.

Statistical analysis

Statistical analysis was performed using one-way
analysis of variance (ANOVA), followed by Tukey's
post-hoc test to identify significant differences
between groups by Graph pad prism (version8,
USA). The results of oxidative stress and
inflammatory marker analyses are presented as the
mean of triplicate measurements. A p-value of less
than 0.05 was considered indicative of statistical
significance.

Findings

Based on the results obtained from the histologic
evaluation conducted both macroscopically and via
H&E staining, the histopathological indices (Table 1)
indicate that, overall, DHA intervention significantly
contributes to the improvement of aspirin-induced
ulcer inflammation in both low- and high-dose
groups.

According to the findings on day 9 of the study
(Figure 1A), gastric tissue exhibited signs of
inflammation and hemorrhage. H&E staining clearly
revealed structural differences between groups at the
epithelial, glandular, and inflammatory levels.
Historiological results demonstrate that aspirin alone
(in untreated control groups) induced gastritis,
inflammatory infiltration, and gastric mucosal
damage (Figure 1B).

Pathological analysis (Table 1) shows that the
outcomes for inflammatory infiltration, epithelial
degeneration, gastric gland status, mucosal thickness,
and tissue repair potential were relatively similar
between the DHA-H and omeprazole-treated groups.
Notably, deep ulcers or necrosis were not observed in
the DHA-treated groups (Figure 1B).

Table 1. Histopathological evaluation of tissue damage

Parameter Aspirin Group | DHA-L (100 mg/kg) DHA-H (300 Omeprazole (20
mg/kg) mg/kg)
[nflammatory Infiltration 3 (Severe) 1 (Mild) 1 (Mild) 1 (Mild)
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Epithelial Degeneration 3 (Severe)a 1 (Mild) 0.5 (Minimal) 0.5 (Minimal)
Gastric Gland Status Disrupted 1 (Mild alteration) 0.5 (Near 0.5 (Near
normal) normal)
Mucosal Thickness (um) 220 + 40b 380 + 30 420 + 35 410 + 30
Tissue Repair Potential 1 (Low) 2 (Moderate) 3 (High) 3 (High)

a: 0 = None, 0.5 = Minimal, 1 = Mild, 2 = Moderate, 3 = Severe.

According to Figure 1C, the ulcerated surface area
was significantly reduced (p < 0.001) in the treatment
groups compared to the control group. Among the
treatment groups, the use of omeprazole
demonstrated a notably greater reduction in gastric
ulcers compared to both the DHA-L and DHA-H
groups (p = 0.04 and p < 0.001, respectively). These
findings are consistent with the histopathological
analysis, which revealed no significant difference in
tissue damage between the two DHA groups, though
both were significantly lower than the omeprazole

group.

The administration of DHA (particularly at high
doses) exhibited substantial protective effects similar
to omeprazole, likely mediated through anti-
inflammatory and antioxidant mechanisms. Although
macroscopic and microscopic results indicated that
both low and high concentrations of DHA were
significantly less effective than omeprazole, their use
still led to a statistically significant improvement in
aspirin-induced ulcers compared to the control group.

b: Mucosal thickness data presented as mean + SD.

The data demonstrate a clear dose-dependent effect
of DHA on histopathological outcomes. The control
group exhibited the lowest mean histopathological
score, approximately 2.5, which was significantly
different from all other groups (p < 0.001). This
indicates that the baseline condition serves as a robust
reference for assessing the impact of DHA and
omperazole group. In the DHA-L group, the
histopathological score increased to approximately
3.5, representing a statistically significant elevation
compared to the control group (p < 0.05). This
suggests that even at a low dose, DHA induces
measurable changes in histopathology. Further, the
DHA-H group showed a more pronounced increase
in histopathological scores, reaching approximately
4.5. This score was significantly higher than the
control group (p < 0.001), highlighting a dose-
dependent exacerbation of histopathological changes
with increasing DHA concentrations (Figure 1D).
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Figure 1. Histopathological analysis of aspirin-induced gastric ulcers in rats treated with DHA and omeprazole.

(A) Macroscopic evaluation of gastric ulcers on day
14 post-induction. The stomach tissues were excised,
opened along the greater curvature, and rinsed with
saline. Visible lesions are shown in the ulcer control
group (Aspirin Group), while reduced ulcer areas are
observed in DHA-treated (DHA-L: 100 mg/kg;
DHA-H: 300 mg/kg) and omeprazole-treated (Omp:
20 mg/kg) groups. (B) Microscopic assessment via
H&E staining (40x magnification; scale bar: 100
pum). Key pathological features are for Aspirin group,
severe inflammatory cell infiltration, epithelial
degeneration, and disrupted glandular architecture,
for DHA-L Group, mild inflammatory infiltration
and partial restoration of mucosal integrity, and to
DHA-H and Omp, Near-normal mucosal thickness,
minimal inflammation, and intact gastric glands. (C)
Quantification of ulcer severity expressed as mean
ulcer area (mm? £ SD). (D) istopathological scoring

(mean = SD) of tissue damage, including
inflammatory infiltration, epithelial degeneration,
and mucosal thickness. DHA-L: Low-dose DHA;
DHA-H: High-dose DHA; Omp: Omeprazole, *p <
0.05, ** p<0.01, and ***p < 0.001.

Figure 2A illustrates significant alterations in SOD
enzyme activity across treatment groups. In the
control group, SOD activity was at the lowest level
depicted in the graph, indicating suppression of the
primary antioxidant defense system by aspirin under
the oxidative stress conditions established in the
model baseline. DHA administration compensated
for this deficit in a dose-dependent manner.
Treatment with DHA-L increased SOD activity,
whereas DHA-H induced a statistically significant
and marked elevation (p = 0.006). The
omperazolegroup also exhibited elevated SOD
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activity compared to the control, though this increase
was less pronounced than that observed with DHA-
H. These findings clearly demonstrate the
concentration-dependent  efficacy of DHA in
activating the key defensive enzyme SOD.

A significant alteration in CAT enzyme activity
across the treatment groups (Figure 2B) was
observed. In the control group, catalase activity was
recorded at its lowest level, indicating impairment in
the antioxidant defense system and accumulation of
reactive oxygen species (ROS) in the baseline model.
DHA administration led to a dose-dependent
restoration of enzyme activity. Treatment with DHA-
L resulted in increased catalase activity compared to
the control group, but it was the DHA-H group that
exhibited a statistically significant difference relative
to both the control and DHA-L groups (p <0.001 and
p = 0.04, respectively). The omperazolegroup also
showed a notable improvement compared to the
control, though this level remained lower than that
achieved with DHA-H. This response pattern
confirms a strong dose-dependent effect of DHA in
modulating catalase enzyme activity.

40~ —
. 30~
-l
E
=2 20-
Q
2

10
c ”

100+
__ 80+ i
-E‘ %
5 60+ r—‘
£
O 404
Q.
=

204

0- T T

In the control group, the highest level of MPO was
observed, indicating strong inflammatory activity
and neutrophil infiltration in the target tissue (Figure
2C). DHA administration led to a dose-dependent
significant reduction in this inflammatory marker.
Treatment with DHA-L reduced MPO levels to
approximately 43 ng/mL, whereas DHA-H resulted
in a more pronounced reduction (p = 0.03), reaching
around 32 ng/mL. The omperazolegroup also
exhibited a reduction comparable to DHA-L, but this
effect was significantly weaker than that of DHA-H.
This pattern clearly and consistently confirms the
dose-dependent efficacy of DHA in suppressing the
inflammatory response.

MDA levels were quantified as an index of lipid
peroxidation and oxidative stress. The Control group
received aspirin only and exhibited a significant
elevation in MDA levels compared to treated groups.
Animals treated with DHA-L and DHA-H showed a
significant reduction in MDA levels, with the high
dose being more effective (p = 0.03 vs. DHA-L).
Treatment with omperazoleresulted in the most
pronounced decrease in MDA levels, significantly
lower than the Control group (p < 0.001).
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Figure 2. Effect of DHA and Omperazole on gastric tissue superoxide dismutase (SOD), catalase (CAT), myeloperoxidase (MPO),
and malondialdehyde (MDA) levels in aspirin-induced gastric ulcer in rats. Data are presented as mean + SD (n = 6). Statistical
significance: *p < 0.05, ** p<0.01, and ***p < 0.001. DHA-L: Low-dose DHA; DHA-H: High-dose DHA; Omp: Omeprazole.

Figure 3A illustrates the changes in the level of the
pro-inflammatory cytokine IL-1p across treatment
groups. In the control group, the IL-1B level was
recorded within the range of 40-50 pg/mL, indicating
high activity of inflammatory pathways in the
baseline model. DHA administration induced a
significant dose-dependent reduction in this cytokine.
Treatment with DHA-L decreased IL-1pB levels to
approximately 20-30 pg/mL, whereas DHA-H led to
a more pronounced reduction compared to both
DHA-L and omeprazole. Notably, treatment in all
intervention groups resulted in a statistically
significant decrease in tissue IL-1B levels compared
to the control group.

In the control group, the IL-6 level was observed
within the range of 40-60 pg/ml, indicating the

activation of inflammatory pathways in the studied
model. Administration of DHA reduced the level of
this cytokine to below 20 pg/ml. This reduction
demonstrates the anti-inflammatory effect of DHA
even at low doses.

Figure 3C illustrates the changes in the levels of the
inflammatory cytokine TNF-a across different
treatment groups. In the control group, TNF-a levels
were observed within the range of 20-30 pg/ml,
indicating a robust activation of inflammatory
pathways in the studied model. This significant
increase in TNF-a reflects a systemic inflammatory
response and the activation of the cytokine cascade.
The results demonstrate that in the treatment groups,
tissue TNF-a levels were significantly reduced (p <
0.001) compared to the control group.
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Figure 3. Effects of different treatments on cytokine levels. (A) IL-1p. (B) IL-6. (C) TNF-a. Data are presented as mean + SD.
Statistical significance is p < 0.05). DHA-L: Low-dose DHA; DHA-H: High-dose DHA; Omp: Omeprazole.

Discussion

In this study, the aim is to investigate the anti-
ulcerative properties of DHA in an aspirin-induced
model in rats. Antioxidant activities in different
groups, as well as histopathological changes, were
examined. The accumulated evidence from animal
studies demonstrates that omega-3 fatty acids,
particularly EPA and DHA from fish oil, effectively

inhibit offensive mucosal factors and oxidative stress
while augmenting defensive mucosal factors (11).
Studies examining the molecular mechanisms of
omega-3 PUFAs in ethanol-induced gastric ulcer
models have found significant changes in oxidative
stress markers. After omega-3 treatment, researchers
observed a significant depletion of gastric tissue NO,
lipid peroxidation (L-MDA), and glutathione (GSH)
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concentrations, along with marked increases in CAT
activity compared to untreated ulcerated rats (12).

Furthermore, quantitative PCR results revealed that
omega-3 significantly down-regulated the mRNA
gene expression levels of TNF-a, MOP, and
inducible nitric oxide synthase (iNOS) in the stomach
tissue, confirming its anti-inflammatory mechanism
(13).

Histopathological studies clearly demonstrate that
the healing process in various treatment groups is
better than in the control group, and DHA has
effectively accelerated wound healing. Similar
studies exist that support these findings (12).
Consistent with these previous findings, our study
also demonstrated that docosahexaenoic acid (DHA),
to a considerable extent and in a manner comparable
to omeprazole, was able to heal aspirin-induced
gastric ulcers, significantly reduce oxidative stress,
improve histopathological parameters, and decrease
the expression levels of inflammatory cytokines.

In this study, the superiority of DHA-H over
omeprazole further supports the higher potential of
this omega-3 fatty acid in the targeted modulation of
the oxidative defense network. From a
pathophysiological perspective, the increase in SOD
activity by DHA has two major consequences. The
first consequence is the efficient neutralization of
superoxide radicals (O:7). SOD, as the primary
enzymatic defense line, converts superoxide radicals
generated under oxidative stress conditions into
hydrogen peroxide (H.0:). The enhancement of
enzymatic activity under the influence of DHA-H has
significantly improved the capacity to neutralize
harmful radicals (14). The second consequence is the
regulation of downstream oxidative stress effects. By
reducing superoxide levels, the production of
secondary ROS such as peroxynitrite (ONOO~) and
hydroxyl radicals (*OH), which are highly damaging,
is limited (15).

The increase in CAT activity under the influence of
DHA has a vital consequence. The first is the efficient

elimination of hydrogen peroxide (H:0.). Catalase
specifically decomposes H20:, produced by SOD or
other sources, into harmless water and molecular
oxygen. The dose-dependent enhancement of CAT
activity by DHA-H notably prevents significant
accumulation of H:0:, thereby inhibiting the
formation of hydroxyl radicals (*OH)—the most
dangerous ROS, via the Fenton reaction (16).

The decrease in MPO levels under the influence of
DHA reflects two key mechanisms. The first
mechanism involves MPO as a specific enzyme
within the azurophilic granules of neutrophils, and its
reduction indicates the inhibition of leukocyte
infiltration into inflammatory sites (17). DHA limits
neutrophil migration by modulating the expression of
adhesion molecules (e.g., ICAM-1) and suppressing
chemokine signaling, such as IL-8 (18, 19). The
second mechanism entails a reduction in ROS
production. MPO acts as a secondary source of ROS
by generating hypochlorous acid (HOCl) from H.O-
and chloride. The dose-dependent decrease in MPO
induced by DHA not only suppresses inflammation
but also attenuates neutrophil-dependent oxidative
stress (20). This mechanism aligns with previous
findings (e.g., reduced MDA levels and increased
SOD/CAT activity), demonstrating that DHA targets
both the inflammatory response and may be alter the
associated oxidative cascade through the integrated
suppression of NF-kB and MAPK pathways (21, 22).
Accordingly, the superior efficacy of DHA-H
compared to omperazolefurther underscores the
higher potential of omega-3 fatty acids in systemic
inflammation modulation.

The significance of IL-1f reduction and the
mechanisms associated with DHA in suppressing
inflammasome  activation and the IL-1B
inflammatory cascade (23).

IL-1P is one of the most potent pro-inflammatory
cytokines, produced through the activation of the
NLRP3 inflammasome and NF-«kB pathways (24). Its
marked reduction by DHA-H suggests direct
inhibition of the inflammasome and its associated
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signaling pathways (25). This effect leads to the
suppression of other inflammatory cytokines (such as
IL-6 and TNF-a)) and reduced leukocyte infiltration
into damaged tissues (26).

The link to oxidative stress and findings from
previous studies indicate that IL-1pB can enhance the
production of ROS, while oxidative stress, in turn,
stimulates IL-1p production (27). The concurrent
reduction in IL-1B, MPO, and MDA, along with
increased activity of antioxidant enzymes SOD and
CAT, demonstrates DHA’s integrated role in
disrupting the vicious cycle of inflammation and
oxidative stress (28). These mechanisms are likely
mediated through the inhibition of TLR4/NF-
KB/NLRP3 pathways and the activation of Nrf2/ARE
signaling (29).

The reduction of IL-6 is a key indicator of anti-
inflammatory activity, reflecting inhibition of NF-xB
and JAK/STAT pathways (reference). Clinically,
decreased IL-6 limits pro-inflammatory signaling,
leukocyte infiltration, and tissue damage. This aligns
with reduced MPO and IL-1p levels, suggesting that
DHA exerts protective effects by modulating pro-
inflammatory cytokine networks. Notably, IL-6
suppression is critical in preventing chronic
inflammation and its complications (30).

The results of this study comprehensively
demonstrate that DHA prevents aspirin-induced
gastric ulcers. These effects were dose-dependent,
with the DHA-H exhibiting effects comparable to or
even superior to omeprazole across several
parameters. From a clinical perspective, these
findings highlight the potential of DHA as a
complementary or alternative therapeutic agent for
NSAID-induced gastropathy, particularly in patients
who are unresponsive to or intolerant of proton pump
inhibitors (PPIs). Moreover, co-administration of
DHA with PPIs may exert synergistic effects and
reduce the required dosage of PPIs (10).

By elucidating the dual and complementary roles of
DHA in simultaneously attenuating oxidative stress

(via upregulation of SOD and CAT enzymes) and
suppressing inflammation (through downregulation
of inflammatory cytokines such as TNF-a, IL-1p, and
IL-6) in an aspirin-induced gastric ulcer model, this
study takes a novel step toward understanding the
therapeutic potential of omega-3 fatty acids. While
this study demonstrates the efficacy of DHA in
mitigating aspirin-induced gastric ulcers through
antioxidant and anti-inflammatory actions, the
precise molecular pathways, including, NF-xB,
COX, or NLRP3 inflammasome remain to be directly
investigated. For instance, the ulcerogenic effects of
DHA are partly mediated via COX-1 inhibition and
NF-kB activation, while the anti-inflammatory
properties of DHA may involve suppression of these
pathways, as suggested by prior studies (10, 25).

However, several limitations remain, including the
lack of investigation into the involved signaling
pathways, exclusion of other omega-3 family
members (such as eicosapentaenoic acid, EPA),
absence of long-term and sequential dosing
assessments of DHA, and the need for
pharmacokinetic studies to determine optimal clinical
dosing.

Future directions should include more in-depth
mechanistic studies to identify specific molecular
targets of DHA, evaluation of synergistic
combinations with current drugs (e.g., PPIs), and
development of novel formulations, such as targeted
nanoparticle-based delivery systems, to enhance the
gastric bioavailability and efficacy of DHA.
Additionally, forthcoming clinical trials should focus
on high-risk populations for NSAID-induced
gastropathy to assess the translational potential of
these findings into clinical practice.

Conclusion

DHA exhibited significant anti-ulcerative effects in
an aspirin-induced gastric ulcer model by reducing
oxidative stress, modulating inflammatory cytokines,
and enhancing mucosal healing. The high-dose DHA
group showed comparable or superior efficacy to
omeprazole. These findings support potential of
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DHA as a complementary or alternative treatment for
NSAID-induced gastropathy and warrant further
investigation into its mechanisms, optimal dosing,
and clinical applicability.
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Abbreviation

ALT: Alanine transaminase; CAT: Catalase; DHA:
Docosahexaenoic acid; DHA-H: High-dose DHA;
DHA-L: Low-dose DHA; DM: Diabetes mellitus;
ELISA: Enzyme-linked immunosorbent assay; EPA:
Eicosapentaenoic acid; FBS: Fetal bovine serum;
GSH: Glutathione; H&E: Hematoxylin and eosin;
HOCI: Hypochlorous acid; ICAM-1: Intercellular
adhesion molecule 1; IL-1: Interleukin-1 beta; I1L-6:
Interleukin-6; iINOS: Inducible nitric oxide synthase;
MDA: Malondialdehyde; MPO: Myeloperoxidase;
NF-kB: Nuclear factor kappa-light-chain-enhancer of
activated B cells; NLRP: NLR Family Pyrin Domain
Containing; NO: Nitric oxide; NSAIDs: Nonsteroidal
anti-inflammatory  drugs; Omp: Omeprazole;

ONOO™: Peroxynitrite; PBS: Phosphate-buffered
saline; PGE2: Prostaglandin E2; PPIs: Proton pump
inhibitors; PUFAs: Polyunsaturated fatty acids; ROS:
Reactive oxygen species; SOD: Superoxide
dismutase; TBARS: Thiobarbituric acid reactive
substances; TNF-a: Tumor necrosis factor-alpha;
*OH: Hydroxyl radicals.
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