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Introduction: Aging is associated with increased oxidative stress and decreased Sestrin 

2 levels.The aim of the present study was to investigate the effect of eight weeks of 

aerobic and strength training on plasma levels of Sestrin2 in inactive elderly men. 

Methods: In the present quasi -experimental study, forty-five elderly men with an age 

range of 60 to 74 years were selected using convenience sampling and then randomly 

assigned to three groups: an aerobic training group, a strength training group, and a 

control group. The aerobic training group trained for eight weeks, three sessions per 

week, at an intensity of 55-70% of heart rate reserve (HRR) based on the principle of 

progressive overload. The Strength training group also performed upper and lower body 

resistance training, three days a week and for eight weeks at an intensity of 30 to 80 

percent of one Repetition Maximum(1RM). The control group did not participate in any 

training program. Blood samples were collected from all three groups 48 hours before 

and after the training intervention. Plasma Sestrin2 levels were measured using an ELISA 

kit. Analysis of Covariance (ANCOVA) along with Tukey's post hoc test was employed 

to compare the variables in the three groups. The data were analyzed at a significance 

level of 0.05 and using SPSS-23 software.

Results: Eight weeks of aerobic and strength training resulted in a significant increase 

in plasma Sestrin2  levels (p < 0.05), and no significant difference was observed between 

the two aerobic and strength training groups (p > 0.05).

Conclusion: Elderly people benefit from aerobic and resistance training to reduce 

oxidative stress caused by aging and, consequently, reduce the diseases caused by it.
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Introduction 

    Aging is a physiological condition accompanied by 

a decline in organ function and age-related diseases. In 

fact, one of the hallmarks of aging is the reduced 

homeostasis of tissues and the body’s tendency toward 

disease and, ultimately, death (1). Studies have shown 

that the increase in free radicals and oxidative stress 

are important factors that accelerate the aging process 

(2). 

    Sestrins are a group of protective proteins in the 

body that are induced by oxidative stress and nucleic 

acid oxidation (3). To date, three isoforms include 

Sestrin-1, Sestrin-2, and Sestrin-3 have been 

identified. Studies have shown that these proteins are 

important for the maintenance of metabolic 

homeostasis, for the protection of cells against age-

related physiological damage and, mainly, for the 

control of Adenosine Monophosphate Kinase 

(AMPK)/Mammalian Target of Rapamycin (mTOR) 

signaling. Among them, Sestrin-2 (SESN2) plays a 

direct role in reducing free radicals and suppressing the 

mTORCC1 pathway, thereby slowing down the aging 

process (4).  
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    SESN2 can protect cells from damage caused by 

oxidative stress and help maintain normal metabolism, 

homeostasis, cell growth, and survival. Reduced levels 

of SESN2 lead to numerous disorders, such as 

oxidative damage, mitochondrial dysfunction, insulin 

resistance, and age-associated diseases (5). 

    In this regard, Sun et al., (6) showed that 

intracellular SESN2 protein levels in aged mice were 

lower compared to young mice. Also, SESN2 is 

involved in regulating energy metabolism. As age 

increases, the body’s metabolism changes, and 

disruption in this process can lead to premature aging 

and age-related diseases. Research has shown that 

SESN2 levels change with age (6). On the other hand 

SESN2 protein is involved in activating pathways that 

help cells cope with environmental and molecular 

stresses. The ability of cells to manage stress decreases 

with age, which can lead to cellular damage and aging 

(7). Also, SESN2 affects the function of mitochondria 

and disruption in mitochondrial function is one of the 

key factors in the aging process (8). The effect of 

exercise training on oxidative stress indicators, 

especially SESN2, has been studied. For example, 

Crisol et al., (9) have reported that four weeks of 

moderate-intensity endurance training leads to an 

increase in SESN2 levels in rats. Furthermore, Zeng et 

al., (10) have demonstrated that even a single session 

of acute exercise results in increased SESN2 

expression in the skeletal muscles of young men. 

However, limited research has been conducted on the 

effect of endurance and resistance training on SESN2 

levels in aging. Therefore, the aim of the present study 

was to investigate and compare the effect of eight 

weeks of aerobic and resistance training on plasma 

levels of SESN2 in inactive elderly men. 

Methods 

Participants 

    This quasi -experimental, applied study investigated 

the effect of eight weeks of aerobic and strength 

training on plasma SESN2 levels in inactive elderly 

men. The statistical population of this study included 

inactive elderly men aged 60 to 74 years in Ahvaz city. 

After screening based on the inclusion criteria, forty-

five sedentary elderly men were recruited via 

convenience sampling and then randomly assigned to 

three groups by lottery. 

Aerobic training group 

    This group consisted of 15 healthy and inactive 

elderly men whose blood samples were taken 48 hours 

before the start of the exercise period and they 

performed aerobic exercise for eight weeks. Blood 

samples were taken again 48 hours after the last 

exercise session to assess the effect of exercise on the 

research variable. 

Strength training group 

     This group consisted of 15 healthy and inactive 

elderly men whose blood samples were taken 48 hours 

before the start of the exercise period and they 

performed strength exercise for eight weeks. Blood 

samples were taken again 48 hours after the last 

exercise session to assess the effect of strength training 

on the research variable. 

Control group 

    This group also consisted of 15 healthy and inactive 

elderly men who maintained their sedentary lifestyle, 

refrained from structured physical activity, and only 

engaged in routine daily activities, but blood was taken 

from them simultaneously with the elderly training 

group in two pre-test and post-test stages. 

Inclusion criteria 

    No participation in sports training for at least the 

past six months, age range of 60 to 74 years for 

participants, no use of medications known to affect 

inflammatory markers or cardiovascular function, no 

smoking or alcohol consumption, no cardiovascular 

disease, high blood pressure, respiratory disease, or 

other diseases. 

Exclusion criteria 

    Injury or illness, withdrawal, unwillingness to 

cooperate, unwillingness to perform the training 

protocol, absence of more than three training sessions, 

presence of symptoms related to the need to stop sports 

activities such as chest pain and other symptoms in 

accordance with the ACSM guidelines on sports 

withdrawal syndrome. 

Blinding 

    Due to the nature of the intervention, blinding of the 

researcher and participants was not possible. However, 

the blood sample analyzer was blinded to group 

allocation. 

Aerobic training protocol 

    The training program included aerobic training for 

eight weeks with a frequency of three sessions per 

week. Each 60-minute session consisted of a 10-

minute warm-up, 45 minutes of main exercise, and a 

5-minute cool-down. The main exercise performed 

with the intensity of the 55-70% heart rate reserve 

(HRR). The warm-up and cool-down of each training 

session included stretching exercises and slow 

running. The participants were advised not to 

participate in any other sports activities during the 

eight weeks of the training program. The initial 

training intensity for the first week was determined at 

an intensity of 55% of the heart rate reserve. After 

measuring the resting heart rate of the participants in 

the supine position and based on the maximum heart 

rate formula based on age, the training intensity was 

calculated using the Karonen formula. Exercise heart 

rate was monitored using Polar heart rate monitors to 

ensure training intensity. Based on the principle of 

gradual overload, the training intensity was increased 

by 5% every two weeks until the training intensity 

reached 70% of the reserve heart rate in the seventh 

and eighth weeks (11). A summary of the aerobic 

training program is given in Table 1. 
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Table 1. Aerobic exercise protocol 

Frequency  
Duration 

(minutes) 

Intensity 

(HRR%) 

Week 

3 60 55 1 

3 60 55 2 

3 60 60 3 

3 60 60 4 

3 60 65 5 

3 60 65 6 

3 60 70 7 

3 60 70 8 

Strength training protocol 

    The strength training program was designed to be 

conducted three days per week for a duration of eight 

weeks, with at least 48 hours of rest between sessions. 

Each session comprised three phases: warm-up, 

specific training, and cool-down. The warm-up 

included five minutes of general warm-up and five 

minutes of specific warm-up. The resistance training 

exercises consisted of four upper-body exercises, four 

lower-body exercises, and one abdominal exercise at 

the end. These were performed in the following order: 

leg press, bench press, leg extension, lat pulldown, leg 

curl, dumbbell triceps extension, calf raises, dumbbell 

biceps curl, and crunches. The resistance exercises 

were based on the American College of Sports 

Medicine (ACSM) recommendations for healthy older 

adults. The training intensity for the first two weeks 

was set at 30-40% of one-repetition maximum (1RM) 

with 10-12 repetitions per exercise. In weeks three and 

four, training intensity increased to 50-60% of 1RM 

with 8-10 repetitions per exercise. For weeks five 

through eight, the intensity was further elevated to 70-

80% of 1RM with 8-10 repetitions per exercise. Each 

exercise was performed for three sets, with 90 seconds 

of rest between sets and 2 minutes of rest between 

exercises. The cool-down consisted of five minutes of 

walking and static stretching exercises for the upper 

and lower body to prevent muscle soreness (12). 

Blood collection and measurement of biochemical 

variables 

    Blood samples were taken from the participants of 

three groups 48 hours before the first training session 

and 48 hours after the last training session, by a 

laboratory technician; then samples were centrifuged 

at 3000 rpm for 10 minutes and the blood plasma of 

the samples was separated. Blood samples were 

collected after a 12-hour overnight fast while 

participants were at rest, and each time 5 cc was taken 

from the anterior vein of the left hand of the 

participants in a sitting position. The participants did 

not engage in any specific physical activity in the 48 

hours prior to sampling. They also did not consume 

coffee, tea, or any other stimulant drinks during the 12-

hour fast, and they were normally hydrated. Blood was 

collected into sterile tubes containing blood 

anticoagulant and EDTA. The obtained plasma was 

poured into 1 ml microtubes and transported to the 

laboratory for the next steps and stored at -80 ° C. To 

measure plasma levels of SESN2, the ELISA method 

was used using a human ELISA kit from CUSABIO 

(China), with a sensitivity of 0.043 ng/ml. 

Statistical analysis 

    The mean ± standard deviation was used to describe 

the data. The dependent t-test was used for intra-group 

comparison and Analysis of Covariance (ANCOVA) 

along with Tukey's post hoc test was used for 

comparison between three groups. Shapiro-Wilk test 

indicated normal distribution in all groups (p > 0.05) 

and Levene's test confirmed homogeneity of variances 

(p = 0.263). The data were analyzed by SPSS-23 

software at a significance level of 0.05.  

Ethical considerations 

    Given that the present study was conducted on 

human samples with exercise intervention over a 

relatively long period of time, therefore, in full 

compliance with the ethical principles of research, 

approval was obtained from the ethics committee of 

Islamic Azad University, Ahvaz Branch 

(ID:IR.IAU.AHVAZ.REC.1403.208). Informed 

written consent was obtained from all participants. 

Results 

    Descriptive data related to the frequency, mean and 

standard deviation of age, height, weight and body 

mass index (BMI) of the participants in the three 

groups are presented in Table 2. One-way analysis of 

variance (ANOVA) was used to compare the variables 

between the three groups. As shown in table 2, the 

participants in the three groups were homogeneous in 

all variables and no significant difference was 

observed between the three groups. 

    Intra-group comparison of SESN2 plasma levels: A 

paired-samples t-test was used to compare pre and 

post-test SESN2 levels; the results are presented in 

Table 3. As shown in Table 3, a significant difference 

was found between pre-test and post-test SESN2 

plasma levels in the AT (p = 0.001) and ST (p = 0.009) 

groups, but no significant difference was observed 

between pre-test and post-test SESN2 plasma levels in 

the control group (p = 0.231). 

    Between-group comparison in plasma SESN2 

levels: As shown in table 4 the results of ANCOVA 

showed that there was a significant difference in 

plasma SESN2 levels between groups (p = 0.001). 

Therefore, Tukey's post hoc test was used for pairwise 

comparisons, that the results of this test are presented 

in Table 5. As shown in this table, significant 

differences were observed between the AT and C 

groups (p = 0.001), as well as between the ST and C 

groups (p = 0.012). However, comparable effects were 

observed between the AT and ST groups in plasma 

SESN2 levels (p = 0.145). Figure 1 shows the within 

and Between-group comparison in plasma SESN2 

levels. 
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Table 2. Baseline characteristics of the participants in the three groups 

Variable Group N Mean ± S. D F p 

Age (year) AT 15 2.29 ± 66.26 

2.241 0.183 ST 15 3.71 ± 64.45 

C 15 4.12 ± 67.53 

Height (cm) AT 15 2.59 ± 174.38 

3.147 0.136 ST 15 3.18 ± 178.40 

C 15 3.47 ± 175.62 

Weight(Kg) AT 15 4.32 ± 86.92 

1.319 0.241 ST 15 3.85 ± 85.24 

C 15 3.61 ± 84.32 

BMI (kg/m2) AT 15 1.36 ± 28.58 

1.068 0.315 ST 15 2.08 ± 26.78 

C 15 1.74 ± 27.33 

Table 3.The intra-group changes in plasma SESN2 levels 

p t df Cohen’s d Difference (Pre-Post) Mean ± SD Stage Group 

0.001* 7.32 14 0.523 0.14 
0.031 ± 0.25 Pre-test AT 

0.054 ± 0.39 Post-test 

0.009* 6.54 14 0.467 0.11 
0.047 ± 0.23 Pre-test ST 

0.061 ± 0.34 Post-test 

0.231 0.68 14 0.203 0.01 
0.044 ± 0.22 Pre-test C 

0.052 ± 0.21 Post-test 

* Significant difference between pre-test and post-test (p < 0.05)

Table 4. Results of the ANCOVA for between-group comparison 

Partial η²pFMean 

square

dfType III sum of 

squares

Source

0.6070.13925.1050.03410.034Intercept

0.043 0.516 2.4210.00110.001Pre-test

0.8130.001*96.0150.04820.096Group

0.0005 410.022Error

454.025Total 

*Significant difference between the groups

Table 5. Results of the Tukey's post hoc test for between-group comparison 

p Std. error Mean difference Group J Group I 

0.001* 0.007 0.17 AT C 

0.012* 0.008 0.13 ST 

0.145 0.011 0.05 ST AT 

*Significant difference between the two groups

Discussion 

    The present study showed that eight weeks of aerobic 

and strength training resulted in a significant increase in 

plasma SESN2 levels, and no significant difference was 

observed between the two aerobic and Strength training 

groups. 

    Aging is associated with elevated oxidative stress, 

impaired AMPK signaling, mitochondrial dysfunction, 

and sarcopenia. Basal SESN2 expression declines with 

age, leads to reduced antioxidant capacity and altered 

energy balance (13). Exercise training is one of the most 

effective interventions to restore SESN2 signaling in 

aging (14). 

    Previous studies (15, 16) have shown that regular 

exercise has been shown to modulate SESN2 

expression, thereby contributing to improved 

mitochondrial function, oxidative balance, and cellular 

resilience against metabolic and environmental 

stressors. Changes in SESN2 expression differ 

depending on the type, intensity, and duration of 

exercise training (15). Moreover, SESN2 functions as an 

oxidative stress sensor, activating antioxidant systems 

such as Nrf2 and glutathione (GSH), thus mitigating 

exercise-induced oxidative damage (16). 
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Figure 1. Plasma SESN2 levels in the AT, ST AND C groups before (pre) and after (post) the 8-weeks intervention.  

* indicates a significant within-group difference (p < 0.05). † indicates a significant between-group difference (p < 0.05),

adjusted for baseline values via ANCOVA 

    Consistent with the results of the present study, Kim 

et al., (7), showed that eight to twelve weeks of regular 

aerobic training significantly increase circulating and 

skeletal muscle SESN2 levels. The most important 

mechanisms for increasing SESN2 due to aerobic 

exercise include Activation of AMPK–ULK1-

mediated autophagy and suppression of mTOR 

signaling, Upregulation of antioxidant defenses (Nrf2, 

SOD, GPx) and Restoration of metabolic flexibility 

and energy homeostasis (7). 

    Findings from the effect of resistance training on 

SESN2 are somewhat heterogeneous. For example 

Zeng et al., (17) reported a transient post-exercise 

increase in SESN2. As well as, Huang et al., (18) found 

no major basal change after 12 weeks of resistance 

training in SESN2 levels, though muscle strength 

improved notably. Also, previous studies have shown 

that exercise can increase muscle cell autophagy 

ability by increasing SESN2 levels (19). 

    PGC-1α, one of the most important downstream 

targets of SESN2 , plays a particularly important role 

in modulating its effects in response to long-term 

endurance exercise (20). Also, other studies have 

shown that long-term aerobic exercise can slow down 

the process of protein breakdown and the development 

of senile sarcopenia through the activation of the 

PGC1-α/AMPK signaling pathway and the activation 

of autophagy function (21). 

    It has been shown that SESN2 as an AMPK 

activator and mTORC inhibitor protect against various 

metabolic disorders such as diabetes, obesity, cancer, 

and atherosclerosis, especially in aging (22). In 

addition, SESN2 can increase fatty acid oxidation and 

lipolysis via Protein Kinase activation (23). Therefore, 

exercise plays an important role in controlling 

oxidative stress and reducing various metabolic 

diseases by increasing SESN2 levels, in old age. 

Study limitations 

    Given that the present study was conducted on 

human samples and it was not possible to select the 

sample randomly, the initial selection of participants 

was by convenience sampling, which can be referred 

to as a research limitation. Also, lack of the accurate 

nutritional control and inability to measure tissue 

levels of SESN2 were the most important limitations 

of the present study. 

Conclusion 

    Aging is associated with increased oxidative stress 

and changes in related indices. In the present study, it 

was shown that eight weeks of aerobic and resistance 

training resulted in a significant increase in the levels 

of SESN2 protein. Therefore, exercise activities, both 

resistance and aerobic, as a useful and non-

pharmacological strategy by increasing SESN2 levels 

play an important role in controlling oxidative stress 

and related diseases in aging. 
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