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Methods: In this quasi-experimental study, twenty elderly men aged 60-74 years were
recruited through convenience sampling and randomly assigned to an aerobic training
group or a control group. The training group completed an eight-week aerobic exercise
program consisting of three sessions per week at 50—75% of heart rate reserve, following
the principle of progressive overload. The control group did not engage in any structured
physical activity. Blood samples were collected from both groups 48 hours before and
after the intervention. Plasma cPLA2 levels were measured using an ELISA Kit. Analysis
of covariance was used to compare outcomes between groups. Data were analyzed using
SPSS version 23 at a significance level of 0.05.

Results: Eight weeks of aerobic training resulted in a significant reduction in plasma
cPLAZ2 levels compared with the control group (p < 0.05).

Conclusion: These findings suggest that regular aerobic exercise may reduce
inflammatory markers such as cPLA2 in elderly individuals and may contribute to the
management of inflammation-related conditions in older age.
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Introduction

Aging is accompanied by a continuous activation of
the immune system, which is observed with high levels
of inflammatory markers and activation of immune
cells in the circulation and tissues and is associated
with an increased risk of many age-related disorders,
diseases, and disabilities (1). Cellular senescence is an
inevitable process that underlies aging and is
associated with age-related diseases such as
Alzheimer's disease. Lipids play an important role in
cellular aging. Fatty acids, especially eicosanoids,

have been linked to various forms of aging and
inflammation, and the production of reactive oxygen
species associated with it has been proposed as a
therapeutic target to reduce aging (2).

The Phospholipase A2 (PLA2) superfamily
comprises a large group of extracellular and
intracellular enzymes that catalyze the hydrolysis of
the sn-2 fatty acyl bond of phospholipids to produce
free fatty acids and lysophospholipids. PLA2
constitutes the major metabolic pathway through
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which fatty acids such as arachidonic acid (AA) are
released from their lipid storage sites for the synthesis
of eicosanoids, including prostaglandins and
leukotrienes (3). Calcium-dependent phospholipase
A2 (cPLA2), when activated, catalyzes the conversion
of arachidonic acid to eicosanoids such as leukotrienes
and prostaglandins. Increased levels of cPLA2 play an
important role in several pathways associated with
aging, including neuroinflammation and oxidative
stress (4). Phospholipases, especially PLA2, are key
factors in the membrane hypothesis of aging. In this
regard, PLA2 plays an important role in the
destabilization of membrane phospholipids, the
synthesis of inflammatory mediators, and the
production of or response to free radicals. The free
fatty acids released by PLA2 are converted to
inflammatory mediators such as leukotrienes and
prostaglandins, and in this process, free radicals are
formed, which in turn can damage further membrane
phospholipids. In addition, the lyso-derivatives
released by the action of PLA2 have detergent effects
that can also damage cell membranes (5). In addition,
CPLAZ2 plays an important role in neuroinflammation
by providing precursors for the production of various
eicosanoids by cyclooxygenases, lipoxygenases, and
prostaglandin synthases (6, 7). Also, CcPLA2
activation, which is enhanced by sphingolipid
metabolism, enhances the activation of Nuclear factor
kappa-light-chain-enhancer of activated B (NF-kB)
through interaction with mitochondrial antiviral
signaling protein (MAVS) in astrocytes (8).
Furthermore, Chuang et al (9) showed that cPLA2
plays a critical role in the signaling of reactive oxygen
species (ROS) and nitric oxide (NO) during microglial
activation. Furthermore, several studies have focused
on identifying the role of cPLA2 in the onset of
Alzheimer's disease and have suggested that cPLA2
may be a key player in the pathogenesis of Alzheimer's
disease (10-13). Age-related increases in oxidative
stress may also contribute to the development of
chronic inflammation and inflammatory diseases. It is
well established that aging is associated with increased
tissue levels and circulation of reactive oxygen species
(ROS) as well as decreased antioxidant capacity (14).
The role of cPLA2 in mediating inflammatory
responses and oxidative stress in microglia, neurons,
and astrocytes has been previously demonstrated (15).
Several studies have shown that the expression of
cPLA2 gene and protein, as well as the levels of its
phosphorylated form, are increased in the brains of
Alzheimer's patients compared to the brains of healthy
individuals (16). The role of exercise as a non-
pharmacological and non-complicated environmental
intervention in reducing inflammation and increasing
antioxidant defenses has been proven (17). Previous
studies have shown that regular exercise, especially
moderate-intensity  exercise, can help reduce
inflammation by increasing the body's natural
antioxidant levels (18-21). Despite many studies on the
effect of exercise on inflammatory markers, the effect
of exercise on cPLAZ2 protein levels during aging has
not been studied. Therefore, the aim of the present
study was to investigate the effect of eight weeks of

aerobic exercise on plasma cPLA2 levels in inactive
elderly men.

Methods
Study design and participants

This semi-experimental, applied study examined the
effects of an eight-week aerobic training program on
plasma cPLA2 levels in sedentary elderly men. The
target population consisted of inactive men aged 60—
74 years living in Ahvaz, Iran. After screening based
on the inclusion criteria, twenty sedentary elderly men
were selected through convenience sampling and
randomly assigned to one of two groups.

Training group

The training group included ten healthy but inactive
elderly men. Blood samples were collected 48 hours
before the start of the training protocol. Participants
then completed an eight-week aerobic exercise
program. A second blood sample was collected 48
hours after the final training session to evaluate
changes in cPLAZ2 levels.

Control group

The control group also consisted of ten healthy,
sedentary elderly men. Participants maintained their
habitual lifestyle, refrained from any structured
exercise, and engaged only in routine daily activities.
Blood sampling was performed in parallel with the
training group at both pre-test and post-test stages.

Inclusion criteria

Participants met the following criteria:

No engagement in structured sports training for at
least six months prior to the study

Age between 60 and 74 years

No use of medications affecting inflammatory
markers or cardiovascular function

Non-smokers and non-alcohol users

Absence of cardiovascular disease, hypertension,
respiratory disorders, or other chronic health
conditions.

Exclusion criteria

Participants were excluded if they experienced
injury or illness, withdrew from the study, showed
unwillingness to continue the protocol, missed more
than three training sessions, or developed symptoms
requiring cessation of physical activity (e.g., chest
pain), based on (ACSM) guidelines for exercise
termination.

Aerobic training protocol

The training program lasted eight weeks and
involved three sessions per week. Each 50-minute
session comprised a 10-minute warm-up, 30 minutes
of aerobic activity, and a 10-minute cool-down. The
main exercise was performed at an intensity of 50—
75% of heart rate reserve (HRR).

Warm-up and cool-down activities included
stretching and light jogging. Participants were
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instructed to avoid other forms of structured physical
activity during the study period.

Training intensity for the first week was set at 50%
HRR. Resting heart rate was measured in the supine
position, and maximum heart rate was estimated using
an age-based formula. Exercise intensity was
calculated using the Karvonen formula. Heart rate was
continuously monitored using Polar heart rate
monitors to ensure adherence to target intensity.

Following the principle of progressive overload,
training intensity increased by 5% each week until
reaching 75% HRR in weeks seven and eight, in
accordance with American College of Sports Medicine
guidelines. A summary of the aerobic training
progression is shown in table 1.

Blood collection and biochemical analysis

Blood samples were collected from both groups 48
hours before the first training session and 48 hours
after the final session by a trained laboratory
technician. Samples were obtained after a 12-hour
overnight fast while participants were seated and
rested. Approximately 5 mL of blood was drawn from
the antecubital vein of the left arm into sterile tubes
containing EDTA as an anticoagulant.

Samples were centrifuged at 3000 rpm for 10
minutes to separate plasma. Plasma aliquots (1 mL)
were transferred to microtubes, transported to the
laboratory, and stored at —80°C until analysis. Plasma
cPLA2 concentrations were measured using a human
ELISA kit (CUSABIO, China) with a sensitivity of
0.11 ng/mL.

Statistical analysis

Data are presented as mean * standard deviation. The
Shapiro-Wilk test was used to assess normality, and
Levene’s test was used to evaluate homogeneity of
variances. An independent samples t-test was used to
compare the basic variables between the two groups.
Paired t-tests were performed for within-group
comparisons, and analysis of covariance (ANCOVA)
was used to compare post-test outcomes between groups
while adjusting for baseline values. Statistical analyses

Table 1. Aerobic Exercise Protocol

were conducted in SPSS version 23, with significance
setat p < 0.05.

Ethical considerations

The study protocol was approved by the Ethics
Committee of Islamic Azad University, Ahvaz Branch
(ID: IR.IAU.AHVAZ.REC.1404.208). Written
informed consent was obtained from all participants
prior to enrollment.

Results

Descriptive data related to the frequency, mean and
standard deviation of age, height, weight and body mass
index (BMI) of the subjects in the two groups are
presented in Table 2. An independent samples t-test was
used to compare the variables between the two groups.
As shown in Table 2, the subjects in the two groups were
homogeneous in all variables and no significant
difference was observed between the two groups.

Intra-group comparison of cPLA2 plasma levels

A paired-samples t-test was used to compare pre- and
post-test cPLA2 levels; the results are presented in
Table 3. As shown in Table 3, a significant difference
was found between pre-test and post-test cPLA2 plasma
levels in the elderly training group (p = 0.001), but no
significant difference was observed between pre-test
and post-test cPLA2 plasma levels in the elderly control
group (p = 0.154).

Between-group comparison in plasma cPLA2 levels

Analysis of covariance (ANCOVA) was used to
examine the effect of eight weeks of aerobic exercise on
plasma cPLA2 levels in inactive elderly men. After
confirming the assumptions of this test and adjusting
for baseline values, the results of this test are shown in
Table 4. As shown in this table, eight weeks of aerobic
exercise had a significant effect on plasma cPLA2
levels in inactive elderly men, leading to a significant
decrease (p = 0.001). Figure 1 shows the within and
Between-group comparison in plasma cPLA2 levels.

Week Frequency (sessions/week) Duration (min/session) Intensity (% HRR)
1 3 50 50
2 3 50 55
3 3 50 60
4 3 50 65
5 3 50 70
6 3 50 70
7 3 50 75
8 3 50 75
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Table 2. Baseline characteristics of the subjects in the two groups

Variable Group N Mean = S.D Mean difference df t p
Age (year) Training 10 66.40 + 3.47 1.60 18 1.178 0.254
Control 10 64.80 + 2.52
Height (cm) Training 10 175.50 + 3.02 2.30 18 1.758  0.096
Control 10 177.80 +2.82
Weight (Kg) Training 10 84.70 + 3.83 0.90 18 0.520  0.609
Control 10 83.80+3.91
BMI (kg/m?) Training 10 2750+ 1.16 0.974 18 1585 0.130
Control 10 26.52 + 1.55
Table 3. The intra-group changes in plasma cPLA2 levels
Group Stage Mean + S.D difference (Pre - Post) df t p
Training Pre-test 8.26 + 1.61 .
2.07 9 8.08 0.001
post-test 6.18+1.13
Control
Pre-test 8.60 + 1.50 0.059 9 155 0154
post-test 8.65 + 1.57
* Significant difference between pre-test and post-test (p < 0.05)
Table 4. Results of the ANCOVA for between-group comparison
Source Type Il Sum of Squares  df Mean Square F p
Corrected Model 59.893 2 29.946 110.629 0.001
Intercept 0.168 1 0.168 0.619 0.442
Pre-test 33.532 17 1.972 5.131 0.336
Group 23.796 1 23.796 87.908 0.001"
Error 4.602 17 0.271
Total 1166.365 20
Corrected total 64.495 19

*Significant difference between the two groups

12

cPLAZ2

10

ng/ml

o N B O

Elderly training

W per-test

K post-test

Elderly control

Figure 1. Plasma cPLAZ2 levels in the aerobic training and control groups before (pre) and after (post) the 8-week
intervention. * indicates a significant within-group difference (p < 0.05). 1 indicates a significant between-group difference
(p < 0.05), adjusted for baseline values via ANCOVA

Discussion

Aging is associated with increased inflammation and
related diseases (1). Regular exercise is one of the most
important strategies for controlling
especially in older people (23). Therefore, the aim of the
present study was to investigate the effect of eight weeks
of aerobic exercise on cPLA2 plasma levels.

inflammation,

The results of the present study showed that eight
weeks of aerobic exercise significantly reduced plasma
CPLAZ2 levels in inactive elderly men. Very few studies
have been conducted on the effect of exercise on
CPLAZ2. Buyukyazi et al. (24) investigated the effect of
different  walking intensities on PLA2 in
postmenopausal women and concluded that 12 weeks of
both moderate and high intensity walking resulted in
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significant reductions in PLA2.

Given that PLA2 enzyme is expressed in
atherosclerotic plaques, macrophages, and neutrophils
in the endothelium and released into the blood, aerobic
exercise can prevent the transformation of monocytes
into macrophages and the formation of plaque in the
intima by increasing the antioxidant capacity of the
intima and reducing the inflammatory response in the
long term, and consequently reduce the production of
this enzyme at the source (25). On the other hand, since
CPLAZ2 leads to inflammation and down regulation of
eNOS in the vascular wall by oxidative modification of
LDL and production of lysophosphatidylcholine and
non-esterified oxidized fatty acids, it is plausible that the
reduction in cPLA2 represents another mechanism
through which exercise improves vascular function,
given that cPLA2 inhibition has been shown to reduce
the number of macrophages and the thickness of the
fibrous cap of atherosclerotic plaques (26).

The free radical theory of aging, which is associated
with the accumulation of oxidative stress damage, can
be a description of the aging process and the signaling
network activated by ROS. According to it, the ability
of the organism to cope with cellular damage caused by
ROS decreases, causing oxidative stress. As a result,
aging is associated with oxidative damage to proteins
and DNA (27).

Physical activity may affect oxidative stress
processes through several mechanisms, including
oxygen leakage from the electron transport chain,
prostanoid  metabolism, xanthine oxidase and
macrophage activity, and increased catecholamine
activity (28). Exercise exerts antioxidant effects by
suppressing inflammatory pathways and inhibiting
prominent sources of RONS. Exercise also activates
redox-sensitive transcription factors (NF-xB, AP-1, and
PGC-1p), leading to enhanced antioxidant defense
mechanisms. It is clear that the effects of exercise vary
depending on the type, intensity, frequency, and
duration of exercise, as well as the age, sex, fitness, and
health status of individuals (29).

In normal conditions, the body secretes anti-
inflammatory factors against inflammation, but when
due to various factors such as metabolic diseases
including diabetes, obesity and aging, inflammation
becomes out of balance and moves towards
pathogenesis. In aging, inflammation is associated with
the occurrence of many neurological diseases such as
Alzheimer's and dementia, with metabolic diseases such
as diabetes, hypertension and metabolic syndrome, as
well as with some types of cancer (30). Exercise has
both an anti-inflammatory effect through various
pathways and reduces the secretion of inflammatory
factors by reducing body fat mass and enhancing
immune system function (31).

The exact mechanisms by which physical activity
reduces inflammation are not fully understood. One of
the possible mechanisms for the effects of exercise
training on improving the inflammatory state is the
intracellular signaling pathways mediated by nitric
oxide (NO). Nitric oxide is closely related to the
inflammatory state and acts as an important mediator of
inflammation. The enzyme nitric oxide synthase
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(eNOS) regulates the expression of proinflammatory
molecules such as NF-kB and cyclooxygenase 2
(COX2) as well as proinflammatory cytokines. Nitric
oxide derived from eNOS plays an important role in
some of the fundamental events of inflammation such as
cell adhesion, modulation of vascular permeability, and
angiogenesis.  Notably, after moderate-intensity
exercise, nitric oxide levels increase, leading to
improved muscle function and inhibition of
inflammation (32).

This study, conducted on an elderly population, faced
inherent limitations regarding sample size, restricting us
to 10 participants per group. Other limitations include
the lack of measurement of additional inflammatory
markers (e.g., TNF-a, IL-6) and the inability to control
for potentially confounding environmental factors such
as diet, sleep, and stress, which can influence
inflammation.

Conclusion

This study demonstrated that an eight-week aerobic
exercise program can reduce levels of the inflammatory
marker cPLA2, potentially helping to prevent the onset
of inflammation-related disorders in aging. Therefore,
aerobic exercise can be considered a non-
pharmacological strategy for mitigating aging-
associated oxidative stress and enhancing the quality of
life in the elderly.
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