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Abstract

Background: Previous studies have demonstrated the role of inflammatory processes in the pathogenesis and progression of

Alzheimer's disease (AD). Because currently available medications have insufficient clinical efficacy for the treatment of AD,

lifestyle modifications, including exercise and dietary interventions, have become increasingly important for prevention and

treatment.

Objectives: This study aimed to determine the independent and combined effects of high-intensity interval training (HIIT)

and omega-3 (OMG3) supplementation on amyloid beta precursor protein (App) mRNA expression, interleukin-1 beta (IL-1β)

gene expression in brain tissue, and spatial memory in rats with AD.

Methods: In this experimental study, 30 male Wistar rats aged 12 weeks and weighing 180 - 200 g were randomly assigned to
five groups: Control, AD, AD + HIIT, AD + OMG3, and AD + HIIT + OMG3 (combined). To induce the AD model and memory

impairment, scopolamine was administered intraperitoneally at 2 mg/kg/day for 9 days. The HIIT protocol consisted of 3 - 4

bouts of treadmill running at 30 m/min, 5 days per week for 8 weeks. The supplemented groups received Mega DHA, containing

10% eicosapentaenoic acid and 50% docosahexaenoic acid, via daily gavage for 8 weeks at a total product dose of 500 mg/kg/day.

Forty-eight hours after the final interventions, the rats were sacrificed, and App mRNA and IL-1β gene expression in the brain

were measured using real-time polymerase chain reaction. Spatial memory was assessed as the percentage of spontaneous

alternation in the Y-maze test.

Results: AD induction increased App mRNA and IL-1β gene expression in brain tissue. HIIT and OMG3 supplementation, alone

or in combination, were associated with decreased IL-1β gene expression. App mRNA expression was reduced relative to that in

the AD group only in the combined group. HIIT and OMG3 supplementation alone did not significantly alter App mRNA

expression compared with that in the AD group.

Conclusions: These findings suggest that combining HIIT with OMG3 supplementation improves cognitive function in the

AD model by modulating neuroinflammation.

Keywords: High-Intensity Interval Training,  Omega-3 Fatty Acids,  Neuroinflammation,  Cognitive Function,  Alzheimer's
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1. Background

Neurodegenerative diseases are age-related disorders

characterized by progressive neuronal loss in the central or

peripheral nervous system, accompanied by alterations in
synaptic transmission and plasticity. These increasingly

prevalent diseases represent a major public health concern

because of their adverse effects on cognitive and physical

health and quality of life (1, 2). Alzheimer's disease (AD) is a
neurodegenerative disorder that impairs cognition,

memory, thinking, judgment, and behavior. No treatment

has yet been identified to delay AD progression, and
treatment and care costs continue to increase as its

prevalence rises with population aging (1, 3).
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AD is characterized by synaptic loss, neuronal atrophy,

and the accumulation of amyloid plaques and tau

neurofibrillary tangles. Deposition of amyloid-beta (Aβ)
and tau proteins in the brain leads to neuronal destruction

(4). Aβ is a major protein implicated in AD, and its
abnormal accumulation promotes amyloid plaque

formation, neuronal destruction, and cognitive

impairment. These plaques also induce
neuroinflammation, damaging neurons and disrupting

synaptic connections (5). In particular, Aβ can disrupt glial
cell function and activate the brain's immune system,

ultimately contributing to AD development. Reducing

brain Aβ levels is therefore an effective strategy for
reducing brain damage and slowing AD progression (6).

Studies have shown that Aβ peptides act as

proinflammatory agents and increase AD risk by activating

inflammatory mediators, including cytokines, in the brain.
The presence of activated microglia and astroglia around

senile plaques further supports the role of Aβ in
inflammation. Microglia and astrocytes provide

neuroprotection by removing Aβ deposits from the brain

(7, 8). Senile plaques can cause neurotoxicity through the
release of proinflammatory cytokines, chemokines, and

reactive oxygen species (8). Similarly, interleukin-1 beta (IL-
1β), an inflammatory cytokine, increases amyloid

precursor expression, exacerbating amyloidosis and
creating a vicious cycle (9). IL-1β is an important

inflammatory cytokine released in response to brain Aβ
accumulation and plays a key role in AD development. It
can activate microglia and astrocytes, which subsequently

release other inflammatory cytokines, leading to neuronal
damage and synaptic destruction (10). Modulating Aβ and

IL-1β levels in the central nervous system could therefore

represent a therapeutic strategy for AD.

Because current AD medications have not achieved
sufficient clinical efficacy, attention has shifted toward

lifestyle modifications for prevention and treatment.

Exercise, particularly aerobic exercise, is recognized as a
nonpharmacological approach that can modulate brain

inflammation in AD (11, 12). Exercise may improve
behavioral impairments by reducing Aβ42 peptide levels

through increased production of neurotrophic factors,

including NGF, BDNF, and IGF-1, which support neuronal
survival and proliferation, as well as neuronal and synaptic

plasticity (13, 14). Exercise can also reduce microglial
activity and thereby prevent inflammation-induced

neuronal damage (2). In this regard, 4 weeks of aerobic

training before and after AD induction have been
associated with decreased IL-1 gene expression in the

hippocampus of male Wistar rats (15).

Omega-3 fatty acids (OMG3), including

eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA), are essential fatty acids and components of

neuronal cell membranes in the brain (16). Several studies

have highlighted their neuroprotective roles in
Huntington's disease (17), Parkinson's disease (18), AD, and

mild cognitive impairment (19, 20). Similarly, 8 weeks of
aerobic training and OMG3 administration reduced

hippocampal Aβ levels in male rats with AD (21).

2. Objectives

Despite the importance of inflammatory pathways in

AD progression and evidence supporting the beneficial
effects of exercise and OMG3 administration on

inflammatory markers, few studies have evaluated their

combined effects on neuroinflammation in this disease
model. In addition, information remains insufficient

regarding the optimal dose and duration of OMG3
administration, as well as the mode and intensity of

aerobic training, in patients with AD. Therefore, this study

aimed to determine the separate and combined effects of
high-intensity interval training (HIIT) and OMG3

supplementation on amyloid beta precursor protein (App)
mRNA expression, IL-1β gene expression in brain tissue,

and spatial memory in an AD rat model.

3. Methods

3.1. Animals

In this experimental study, 30 male Wistar rats aged 12

weeks and weighing 180 - 200 g were obtained from the

Pasteur Institute and transferred to the animal laboratory.
After 2 weeks of acclimatization, the animals were

randomly assigned to five groups: Control, AD, AD + HIIT,
AD + OMG3, and AD + HIIT + OMG3 (combined). Animals

were housed at 22 ± 2 °C and 50% - 55% humidity under a

12:12-hour light/dark cycle, with free access to water and
standard food throughout the experiment.

3.2. Induction of the Alzheimer's Disease Model

Scopolamine was administered intraperitoneally at 2

mg/kg/day for 9 days to induce the AD model and memory
impairment. Each day, 200 μL of scopolamine dissolved in

1% carboxymethyl cellulose was injected into the animals.
The healthy control group received 200 μL of the vehicle

daily. After 9 days, spatial memory was assessed using the Y-

maze test, and the exercise and nutritional
supplementation interventions were initiated (22).

3.3. High-Intensity Interval Training Protocol

Before the main training protocol, the rats underwent

treadmill familiarization for 2 weeks, 5 days per week,
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running for 10 - 15 minutes per day at 5 - 15 m/min. The HIIT

protocol lasted 8 weeks, with five sessions per week (Table

1). During Weeks 1 - 4, the main protocol consisted of three
4-minute running bouts at 30 m/min. During Weeks 5 - 8,

four 4-minute bouts were performed at the same speed.
Between bouts, the animals ran for 3 minutes at 20 m/min.

Each session began and ended with 5 minutes of running at

10 - 15 m/min for warm-up and cool-down (23).

3.4. Omega-3 Administration

Mega DHA® (Vitafor, Brazil), containing 10% EPA and

50% DHA, was administered by daily gavage for 8 weeks at a

total product dose of 500 mg/kg/day (24).

3.5. Spatial Memory Assessment

The Y-maze test was used to assess spatial memory. This
test assesses short-term spatial memory and is based on

rodents' innate curiosity to explore new environments. The
maze apparatus consisted of a central platform with a

diameter of 25 cm and eight equally spaced arms. In the
standard test, the animals were first familiarized with the

environment for 3 days. They were placed in the center of

the apparatus and allowed to explore it for 15 minutes. On
the first and second days, food was distributed in the arms.

On the third day, the amount of food was reduced by half
and placed in a container at the end of an arm. The session

ended when the rats had explored all eight arms (25).

3.6. Brain Tissue Collection

Forty-eight hours after the final interventions and

following a 12-hour fast, the rats were anesthetized by
intraperitoneal injection of ketamine (100 mg/kg) and

xylazine (10 mg/kg). After deep anesthesia and the absence
of responses to external stimuli were confirmed, the

animals were decapitated using special scissors. The skull
was then opened with a surgical blade, and the brain was

carefully removed. Brain tissue was frozen in liquid

nitrogen and stored at -80 °C. After homogenization, the
tissue was centrifuged for 10 minutes at 12,000 rpm.

3.7. Gene Expression Measurement

Real-time polymerase chain reaction (PCR) was used to

measure App mRNA and IL-1β gene expression. The
procedures are described below.

3.7.1. RNA Extraction

RNA was extracted using a total RNA extraction kit (Pars

Tous, Iran) according to the manufacturer's instructions.
First, samples were handled under sterile conditions using

liquid nitrogen and a porcelain powder mortar and stored

in a -70 °C freezer.

3.7.2. Assessment of Extracted RNA Quality

To measure RNA concentration, 1 μL of RNA solution
was diluted with 49 μL of sterile Tris buffer, and its

absorbance at 260 nm was measured using a

microspectrophotometer (Eppendorf, Germany). The
A260/A280 absorbance ratio was used to assess protein

contamination. Ratios above 1.8 were considered indicative
of desirable RNA quality. The A260/A230 absorbance ratio

was used to assess phenol contamination, with values

above 1.8 also considered desirable.

3.7.3. cDNA Synthesis

The Easy™ cDNA synthesis kit (Pars Tous, Iran) was used
to synthesize cDNA from RNA.

3.7.4. Real-Time Polymerase Chain Reaction

Real-time PCR was used to evaluate App mRNA and IL-1β
gene expression. The primers, their sequences and lengths,
amplified product lengths, and GenBank accession

numbers are listed in Table 2. Primers were designed using
Primer3 software. Reactions were performed using the 2X

SYBR Green Real Time PCR kit (Pars Tous, Iran) and the

Lava96 Real-time PCR Detection System (DaanGene Co
Ltd). Results were evaluated using the comparative ΔΔCt

method and Light Cycler SW1.1 software. GAPDH was used
as the calibrator. Results were reported according to the

general formula 2-ΔΔCt.

3.8. Statistical Analysis

Data normality was assessed using the Shapiro-Wilk
test, and homogeneity of variances was assessed using

Levene's test. One-way analysis of variance (ANOVA) and

Tukey's post hoc tests were used to compare group means.
All statistical analyses were performed using SPSS version

27, with significance set at P < 0.05.

3.9. Ethical Considerations

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics

Committee of Islamic Azad University of Ilam, Iran
(IR.IAU.ILAM.REC.1404.049). The authors avoided data

fabrication, falsification, plagiarism, and misconduct.

4. Results

The Y-maze results showed significantly lower spatial

memory in all intervention groups than in the healthy
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Table 1. High-Intensity Interval Training Protocol a

Variable/Week 1 2 3 4 5 6 7 8

Speed (m/min) 30 30 30 30 30 30 30 30

Time (min) 4 4 4 4 4 4 4 4

Sets (number) 3 3 3 3 4 4 4 4

a Source: Adapted from Costa et al. (23).

Table 2. Primer Sequences for the Studied Genes

Gene Name and Primer Type Primer Sequence Primer Length Product Length Accession Number

App 117 NM_019288.2

Forward AGGTTATGACACACCTCCGT 20

Reverse TCTGAAGCAGCTCGTCAACT 20

IL-1β 127 NM_031512

Forward TGTCTGAAGCAGCTATGGCA 20

Reverse AGGGCTTGGAAGCAATCCTTA 21

GAPDH 119 NM_017008.4

Forward AGTTCAACGGCACAGTCAAG 20

Reverse TACTCAGCACCAGCATCACC 20

control group (all P < 0.0001). Spatial memory was

significantly higher in the AD + HIIT and AD + OMG3
groups than in the AD group, and in the combined group

than in the AD, AD + HIIT, and AD + OMG3 groups (all P <
0.0001) (Figure 1).

Figure 1. Spatial memory scores in the study groups (mean ± SEM).
*Significant difference relative to all groups (P < 0.0001). #Significant
difference from the control and AD groups (P < 0.0001). &Significant
difference from the control, AD, AD + HIIT, and AD + OMG3 groups (P <
0.0001).

One-way ANOVA and Tukey's post hoc tests showed that

brain App mRNA expression was significantly higher in all

treatment groups than in the healthy control group (all P <
0.001). Only the combined treatment significantly reduced

App mRNA expression compared with the AD group (P =

0.003). Although HIIT (P = 0.469) and OMG3
supplementation (P = 0.264) alone showed trends toward

reduced App mRNA expression, these changes were not
statistically significant (Figure 2).

Figure 2. Brain App mRNA expression in the study groups (mean ± SEM).
*Significant difference relative to the control group (P < 0.001).
#Significant difference from the control and AD groups (P = 0.003).

As shown in Figure 3, AD induction significantly
increased IL-1β gene expression compared with that in the

other study groups (all P < 0.001). IL-1β gene expression was
also significantly higher in all treatment groups than in the

healthy control group (P < 0.001). However, compared with

the AD group, IL-1β gene expression was significantly lower
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in the AD + HIIT, AD + OMG3, and AD + HIIT + OMG3 groups

(all P < 0.001). There was no significant difference in IL-1β
gene expression among the AD + HIIT, AD + OMG3, and AD
+ HIIT + OMG3 groups (all P < 0.174).

Figure 3. Brain IL-1β gene expression in the study groups (mean ± SEM).
*Significant difference relative to the other groups (P < 0.0001).
#Significant difference from the control and AD groups (P < 0.0001).

5. Discussion

This study showed that AD induction increased brain

App mRNA and IL-1β gene expression and impaired spatial
memory in rats. HIIT and OMG3 administration, alone and

in combination, reduced IL-1β gene expression and

improved spatial memory. App mRNA expression was
significantly reduced relative to the AD group only with

the combined treatment. IL-1β gene expression did not
differ significantly among the treatment groups.

Previous studies have reported that exercise can
counteract AD progression by regulating neuronal

apoptosis, intercellular communication, oxidative stress,
mitochondrial autophagy, synaptic plasticity, and

neurotoxicity (11, 26). OMG3 administration also provides

neuroprotection and promotes cellular regeneration in
neurological diseases such as AD by modulating

inflammation and subsequently reducing oxidative stress
(3, 26). Thus, the combined intervention may enhance the

effects of these approaches on AD-related pathological

changes and memory impairment, as observed in this
study.

AD induction increased brain App mRNA and IL-1β gene

expression in the present study. Previous studies have

reported increased hippocampal Aβ (21) and IL-1β (27).
Other studies have also reported increased serum (28) and

hippocampal (29) levels of inflammatory factors, including
Aβ and IL-1β, in AD. The amyloidogenic pathway is active in

AD, producing Aβ through cleavage of amyloid precursor

protein by β- and γ-secretases (30). Aβ also acts as an
inflammatory factor by activating mediators, including IL-

1β, IL-6, and TNF-α, in the brain, thereby increasing AD risk.

The presence of activated microglia and astroglia around

senile plaques supports the role of Aβ in
neuroinflammation. Microglia and astrocytes may provide

neuroprotection by clearing brain Aβ plaques (7, 8). These
plaques can also mediate neurotoxicity through the release

of proinflammatory cytokines, chemokines, reactive

oxygen species, and protein complexes (8). Our findings
are therefore consistent with previous studies implicating

amyloid-related pathways in neuroinflammation and AD
development.

Although HIIT and OMG3 supplementation alone did
not significantly alter App mRNA expression, they reduced

IL-1β gene expression. Changes in inflammatory markers
following exercise training have been reported previously

(27, 28). Treadmill running for 12 weeks increased the

conversion of microglia from the proinflammatory M1
phenotype to the anti-inflammatory M2 phenotype,

reducing hippocampal inflammation and oxidative
damage and ultimately improving cognitive function in

mice (31). Exercise inhibits neuroinflammation by

upregulating Aβ transporter activity and promoting Aβ
clearance (13, 14). In old age, chronic aerobic exercise

supports the neurovascular unit, reduces the entry of
inflammatory substances into the brain, and improves

behavioral capacity in mice by enhancing synaptic
plasticity (32). Although no study was identified that

investigated the effects of OMG3 on neuroinflammation in

AD, its effectiveness in reducing inflammatory biomarkers
has been reported in individuals with diabetes (33),

atherosclerosis (34), and old age (35). Under inflammatory
conditions, OMG3 fatty acids are converted into anti-

inflammatory metabolites and mediators, including

resolvins, protectins, and maresins (36). Arachidonic acid,
an omega-6 fatty acid, is released from membrane

phospholipids by inflammatory stimuli. After release, it is
converted into prostaglandins, leukotrienes, and lipoxins

through the action of enzymes such as cyclooxygenases

and lipoxygenases and exerts proinflammatory effects. EPA
and DHA, two OMG3 fatty acids, reduce inflammation by

competing with proinflammatory arachidonic acid
substrates and receptors (37).

Finally, 8 weeks of combined HIIT and OMG3
administration significantly reduced brain App mRNA and

IL-1β gene expression compared with the AD group. Few
studies have examined the combined effects of aerobic

training and OMG3 on inflammatory markers in AD.

Previous research has reported that combining aerobic
training with OMG3 administration reduces hippocampal

Aβ in rats with AD (21). Similarly, IL-6 and TNF-α expression
decreased in elderly rats (35) and obese mice (38) after 8

weeks of aerobic training and OMG3 intake (35). Fish oil,
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which contains high levels of OMG3, combined with

aerobic training also reduced NF-κB, IL-6, and TNF-α
expression more than either intervention alone in obese
rats (39). This evidence suggests that aerobic training and

OMG3 may enhance each other's anti-inflammatory effects
in conditions such as AD, aging, and obesity. Further

controlled studies are needed to confirm this hypothesis.

5.1. Conclusions

AD induction increased brain App mRNA and IL-1β gene
expression. After 8 weeks, HIIT and OMG3

supplementation, alone and in combination, reduced IL-1β
gene expression, whereas App mRNA expression was
significantly reduced relative to the AD group only with

the combined treatment. The combined treatment
improved spatial memory more than either treatment

alone, but IL-1β gene expression did not differ significantly

among the treatment groups. HIIT and OMG3
supplementation may therefore help counteract the

adverse effects of AD on the central nervous system by
modulating inflammation. Further research is needed.

5.2. Limitations

This study used a scopolamine-induced animal model

of AD. Although this model is considered one of the most
valid approaches for simulating AD, it cannot reflect all

aspects of the disease in humans. Human AD is often

multifactorial and chronic and is associated with diverse
genetic and environmental factors, whereas the

scopolamine-induced model primarily reflects acute,
inducible changes. Direct generalization to humans should

therefore be approached cautiously.

Another limitation was the 8-week intervention period.

Although this duration demonstrated beneficial effects of
HIIT and OMG3, longer-term effects and the persistence of

changes after the intervention were not determined. The

study also included only male rats; females were not
examined, although hormonal differences may influence

responses to exercise and OMG3 administration.

Finally, the study was conducted under controlled

laboratory conditions and did not account for real-world
factors such as stress, unrestricted dietary intake, and daily

human activity. Clinical application therefore requires
larger human studies with longer follow-up. Despite these

limitations, careful control of variables and standardized

methods provided high internal validity and may support
future research.
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