
 

 

 

 

 

ABSTRACT 

           Background and objectives:  Sirtuin-1 (SIRT1) is a conserved a NAD+-dependent 

protein deacetylase essential for cellular metabolism and defence against oxidative stress and 

endothelial dysfunction. This study aimed to compare effects of 8 weeks of aerobic and 

combined training on serum level of SIRT1 and PGC1-α in coronary artery bypass graft 

patients. 

           Methods: In this semi-experimental study, 45 non-active men (mean age 47.4 ± 3.3 

years) who had undergone coronary artery bypass graft surgery were randomly divided into 

three groups: aerobic training, combined resistance and aerobic training and control. 

Trainings were performed at 80% of maximum heart rate, three sessions a week for 8 weeks. 

Blood samples were collected 24 hours before the first exercise session and 48 hours after 

the last training session. T-test and one-way analysis of variance were used for assessment of 

within-group and between-group differences, respectively. P-values less than 0.05 were 

considered as statistically significant. 

           Results: The 8-week aerobic and combined training increased serum levels of SIRT1 

and PGC-1α compared with the control group, and significantly decreased the weight of 

subjects (p=0.001). There was no significant difference in serum levels of SIRT1 and PGC-1α 

between the two training groups (P≥0.05). 

           Conclusion: Both combined and aerobic training significantly improve the SIRT1 

and PGC-1α levels in coronary artery bypass graft patients. 

           KEYWORDS: Combined training, Aerobic training, PGC-1α, SIRT1, CABG patient. 
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endothelial cell pathophysiology and CVD 

(14). Evidence on the protective role of SIRT1 

in vascular biology suggests that this protein 

can be a major contributor to prevention of 

CVD and several other diseases (15). In fact, 

SIRT1 plays an important role in aging and 

cell damage, and stimulates antioxidant 

enzymes, such as superoxide dismutase and 

catalase (16). SIRT1 also regulates blood 

pressure, atherosclerosis, oxidative stress 

protection and growth and survival of 

cardiomyocytes (17). One of the main reasons 

for cell death is genotoxic stress due to NAD
+
 

release into the nucleus and cytoplasm (18). 

As key activators of SIRT proteins, cellular 

level of NAD
+
 plays a role in cell death and 

lifespan. NAD
+
 is required for the deacetylase 

activity of SIRT1 and SIRT3, which elucidates 

the fundamental link between the activity of 

these proteins and the fluctuations in the 

NAD
+
 (H) state during exercise (19). Studies 

demonstrate that SIRT1 and 3 level is reduced 

in aging but increased in endurance-trained 

individuals (20). It has been shown that 

exercise and chronic electrical stimulation (21) 

but not acute exercise (21) increase the level of 

SIRT1 and 3 in the skeletal muscles. Lu et al. 

have recently shown that small amounts of 

SIRT1 in patients with severe heart failure 

inhibited antioxidants and caused oxidative 

stress and apoptosis (22). In another study, 

Ferrara et al. showed that moderate-intensity 

exercise in mice activates SIRT1 and increases 

superoxide dismutase and catalase levels (23). 

Peroxisome proliferator-activated receptor 

gamma coactivator 1-alpha (PGC-1α) is a 

cellular receptor that facilitates the release of 

mitochondrial proteins, and is one of the main 

regulators of mitochondrial biogenesis. On the 

other hand, the relationship between muscle 

oxidative capacity and cellular health has been 

well established through SIRT (24). Increased 

SIRT1 levels results in an increase in the 

activity of PGC-1α and ultimately 

mitochondrial biogenesis in various cells, 

including skeletal muscle cells (25). Studies 

suggest that mitochondrial dysfunction might 

play a role in the development and progression 

of sarcopenia either through reduced energy 

storage or mitochondrial-mediated apoptosis 

(26). Studies have shown that increased 

aerobic capacity and muscle strength through 

exercise can improve metabolic disorders and 

prevent chronic illnesses (27). 

INTRODUCTION 

        Despite the recent advancements in 

diagnostic and clinical tools along with 

therapeutic methods, the incidence of heart 

failure is on the rise (1). Today, exercise-based 

cardiac rehabilitation program (CRP) has been 

introduced as the main component of the chain 

of care for heart failure patients. Studies have 

shown that CPR, significantly decreases the 

mortality rates due to heart failure. However, 

these studies have been rarely conducted on 

the elderly or high-risk patients who cannot 

easily participate in these exercises  (2). 

Several studies demonstrate that exercise in 

heart failure patients is strongly correlated 

with cardiovascular and hemodynamic 

parameters (3). However, little information 

confirms the molecular mechanisms of 

exercise in the cardiac rehabilitation program. 

In both humans and animal models, exercise 

induces secretion of defense antioxidants and 

therefore reduces reactive oxygen species (4). 

Physical activity or muscle contraction not 

only consumes intracellular energy (calorie 

restriction) but also regulates the increase in 

the level of proteins involved in energy 

metabolism. The calorie restriction caused by 

exercise can decelerate the aging process and 

delay the onset of many age-related diseases 

such as Alzheimer's disease, diabetes, obesity 

and cardiovascular disease (CVD) (5). 

Consequently, exercise-induced calorie 

restriction can be an effective therapeutic 

approach for patients with CVD.  

The family of sirtuin (SIRT) proteins has 

NAD-dependent protein acetylase and/or 

ADP-ribosyl transferase-dependent activity 

(6). These proteins regulate various biological 

processes including DNA repair, genome 

stability and fat and glucose homeostasis (7, 

8). Studies have shown that these enzymes are 

key regulators of cell survival and lifespan of 

organisms (9). Seven SIRT proteins (SIRT 1-

7) have been identified in mammals, which are 

located in different cell segments and have 

various functions (10).  

SIRT 1, 6 and 7 are located inside the nucleus 

and the rest of these proteins are in the 

cytoplasm and mitochondria (11). SIRT 

proteins are classified based on their function; 

SIRT 1, 2, 3 and 5 have deacetylase activity 

(12) among which, SIRT1 has the highest 

deacetylase activity (13). SIRT1 is effective 

against oxidative stress and endothelial 

dysfunction,  which  are  both  associated  with 

51/ Alavizadeh and colleagues 

Medical Laboratory Journal, Sep-Oct, 2018; Vol 12: No 5 



control (n=15). The subjects in the aerobic and 

combined training groups participated in an 8-

week training program based on the 

recommendation of the American College of 

Sports Medicine (34, 35). The control group 

was asked to maintain their normal daily 

activities during the study period. The study 

received approval from the ethics committee 

of Islamic Azad University of Neyshabour, 

Iran (approval code: 

IR.IAU.NEYSHABUR.1396,13). 

One week before the start of the study, the 

subjects participated in an introductory session 

and were familiarized with the correct way of 

training. The rehabilitation program was 

performed for eight weeks (3 sessions per 

week) and each session lasted 30-60 minutes 

based on assessments (cardiopulmonary 

exercise test, exercise testing, etc.). The 

aerobic training consisted of walking on a 

treadmill for 20-30 minutes and cycling on a 

stationary bike (10-12 minutes). In each 

training session, the subjects warmed up at the 

beginning of training and cooled down after 

the main training protocol. Exercises began at 

moderate intensity. In this regard, 60% of the 

maximum heart rate was considered as the 

target heart rate, and the duration and intensity 

of the exercises were adjusted accordingly 

(36). The duration and intensity of the training 

was gradually increased based on the subjects’ 

ability, so that in the final session the trainings 

were performed at 80% of maximum heart 

rate. The Borg 6-20 scale was used to assess 

the exercise intensity (37, 38). The specified 

trainings were performed for 8 weeks, 3 

sessions per week, with 8 repetitions and 3 sets 

in the initial training sessions (later increased 

to 15 repetitions). The exercises included 

physioball squat, shoulder flexion, hip flexion, 
shoulder abduction, hip abduction, elbow 

flexion, plantar flexion and ankle dorsiflexion. 

The activities were initially performed with 8 

repetitions using a weak Thera-Band (yellow). 

Two repetitions were added in each training 

session and the number of repeats. Then, the 

strength of the Thera-Band (pink) was 

increased in subsequent sessions (35). All 

trainings were performed under the 

supervision of a physician and a CCU nurse, 

and the patients received psychological and 

nutrition counseling during the training period. 

It should be noted that all patients were studied 

under  the same conditions  and were taking 

beta-blockers     and     angiotensin-antagonists 

Adaptation to training can include changes in 

the structure and function of contractions (28), 

mitochondrial function (29), metabolic 

regulation (30), intracellular signaling (31) and 

transcriptional responses (32). In this regard, 

Martin et al. observed that high intensity 

interval training (four sessions of bicycle 

riding with maximum intensity and four 

minutes of rest) could activate various 

signaling pathways, resulting in increased 

mitochondrial biogenesis in human skeletal 

muscles and increased oxidation capacity of 

fatty acids and glucose. They observed that 

signaling via AMPK and P38 MAPK to PGC-

1α may partly justify the changes caused by 

the intense, low-volume periodic exercise (33). 

Despite the important physiological role of 

SIRT1, the impact of exercise on the level of 

this protein in CVD patients is unclear. 

Exercise affects regulatory proteins involved 

in glucose control and mitochondrial 

biogenesis, which may be beneficial for people 

with low mobility. Therefore, we studied the 

effect of aerobic and combined training on 

serum level of SIRT1 and PGC1-α in men 

undergoing coronary artery bypass graft 

(CABG) surgery. 

 

MATERIAL AND METHODS 

           This was a semi-experimental study 

with a pre- and post-test design. Study 

population included 45 men (aged 40-60 

years) who had undergone open heart surgery 

at the Javad-ol-Aeme Mashhad clinic. The 

subjects volunteered to participate in the study 

and were selected based on available sampling 

method. The inclusion criteria were: age range 

of 40-60 years, willingness to participate in the 

study, cognitive health, adequate vision and 

hearing and the inability to use auxiliary 

devices for walking such as a cane and walker, 

and no exercise or sports activity during the 

research. Exclusion criteria included systolic 

blood pressure greater than 160 mmHg and 

diastolic blood pressure greater than 100 

mmHg, acute or advanced disease that 

prevents the exercises intended in this study, 

use of anticonvulsant medications, and 

occurrence of ventricular arrhythmias and ST 

elevation or fall in ECG during training, 

respiratory disturbance during rehab and 

unstable angina. After completing the 

informed consent form, the subjects were 

randomly divided into three groups of aerobic 

training (n=15), combined training (n=15) and  
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for analysis of inter-group variations. Data are 

presented as mean ± standard deviation (SD). 

All statistical analyses were performed using 

SPSS version 21 at significance level of ≤0.05. 

 

RESULTS 

          characteristics of the subjects are 

presented in table 1. Serum levels of SIRT1 

and PGC-1α increased significantly in both 

experimental groups (P≤0.01), but there was 

no significant difference between the two 

experimental groups (Table 2). Results of the 

Tukey's test indicated a significant difference 

between both experimental groups and the 

control group in terms of SIRT and PGC1-α 

level 

 

 

 

 

 

 

 

 

 

 

 

 

of aerobic power peak on the ergometer had no 

effect on the SIRT1 level (39). Marton et al. 

(2015) showed that 3 months of swimming 

with 70% of VO2max in healthy rats does not 

affect serum level of SIRT, but improves the 

metabolic status of subjects (40). This 

contradiction between the results of studies 

may be due to differences in the method of 

implementation, age and readiness of subjects, 

gender, disease status and the physical 

composition of the subjects. Cellular aging is 

one of the signs of aging and a process that 

permanently prevents the growth of potentially 

powerful cells. The relationship between age, 

disability and age-related diseases remains as 

one   of   the   major   questions   in   the  aging  

under the supervision of a physician. Fasting 

blood samples (10 cc) were taken from the 

cubital vein a day before the first training 

session and 48 hours after the last training 

session. The specimens were incubated for 20 

minutes at room temperature and then were 

centrifuged at 3000 RPM for 20 minutes. 

Serum was separated and stored at -80 °C until 

testing. Serum levels of SIRT1 and PGC-1α 

were measured using an ELISA reader and 

Cusabio ELISA kits (China) with a sensitivity 

of less than 0.39 ng/ml (0.039 sensitivity). 

After verifying the normal distribution of data 

via the Shapiro Wilk test, t-test was used to 

analyze intra-group variations and one-way 

ANOVA  and Tukey's post hoc test were  used  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

       The main finding of the present study was 

the elevation of SIRT1 and PGC-1α levels in 

CABG patients after 8 weeks of aerobic and 

combined training. However, there was no 

significant difference between aerobic training 

and combined training. Some studies 

suggested exercise as a promising therapeutic 

approach that can increase the aerobic capacity 

of heart failure patients. Russomanno et al. 

conducted a study on endothelial cells of 

patients before and after a CPR and concluded 

that the training program could stimulate 

SIRT1 and antioxidant defense, which is 

accomplished by mitochondrial biogenesis. In 

a study by Ma et al. (2013), a 4-week high- 

intensity interval training program  with  170% 

Group N Age (years) Height (m) Weight (Kg) Weight after 

implementing 

protocol 

Duration of disease 

(months) 

Aerobic training 15 46.9±3.23 171.1±3.6 80.14±9.12 80.1±9.3 150±68.19 

Combined training 15 47.4±3.23 170.2±3.5 80.16±8.99 79.03±8.95 150±69.01 

Control 15 47.4±2.75 170.9±3.9 80.01±8.8 79.2±9.21 149±69.12 

 

Table 1- Biometrics and some characteristics of the subjects 

Sig Groups Variable 

0.001 Aerobic-Control SIRT1 

(ng/ml) 
0.001 Combined- Control 

0.91 Aerobic-Combined 

0.001 Aerobic- Control PGC-1 α 

(pg/ml) 

0.001 Combined- Control 

0.066 Aerobic- Combined 

 

Table 2- Comparison of SIRT1 and PGC-1 α levels between the study groups using one-way ANOVA and 

Tukey's test  
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of high-intensity interval training notably 

increased SIRT1 levels and triggered 

overexpression of oxidative enzymes, 

ultimately reducing oxidative stress and 

enhancing training performance (45). Narou et 

al. studied the effect of 8 weeks of running on 

treadmill (for 50 minutes, 5 days a week) on 

level of SIRT1, PGC-1α and AMPK in 

quadriceps muscles of middle-aged rats(46). 

Cassault et al. showed that the level of SIRT1 

and mitochondrial biogenesis in healthy 

exercised rats increased after 6 weeks of 

quercetin supplementation and/or exercise 

training (47). They believed that cAMP-

dependent protein kinase and nicotinamide 

phosphoribosyltransferase increase the 

intracellular level of NAD
+
 during muscle 

contractions, which is associated with SIRT 

elevation (48). It should be mentioned that our 

study was limited to male CABG patients and 

did not include CABG patients not receiving 

cardiac rehabilitation. Therefore, it is 

recommended to conduct future studies 

without these limitations to obtain more 

accurate information on the effect of the 

trainings on serum levels of SIRT1 and PGC1-

α in coronary artery bypass graft patients. 

 

CONCLUSION 

          Both combined and aerobic training 

significantly improve the SIRT1 and PGC-1α 

levels in coronary artery bypass graft patients.  
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physiology and clinical and preclinical 

medicine. Aging caused by oxidative stress 

can damage endothelial cells, resulting in 

impairment of the structure and function of 

endothelial cells. Some researchers believe 

that cellular aging is associated with 

endothelial dysfunction and atherogenesis. 

Histological studies on human atherosclerotic 

plaques have shown morphological features of 

aging. Oxidative stress-induced endothelial 

dysfunction has been shown to be highly 

dependent on heart failure and endothelial 

homeostasis and cellular aging with SIRT1 

(41). The increased level of SIRT1 following 

aerobic and combined exercise can affect the 

endothelial cells of the cardiac muscle. 

Various protein factors have been 

demonstrated to be involved in mitochondrial 

function, the most important of which are 

PGC-1α and SIRT1. SIRT1 reduces the 

mitochondrial membrane potential and 

generates reactive oxygen species while 

increasing cell respiration (42). Physical 

activity activates PGC-1α in the muscle fibers 

through nitric oxide (NO), P38 AMPK, kinase-

dependent calcium, cAMP-dependent AMPK 

and overexpression of nuclear respiratory 

factors (43). The enzymatic activity of SIRT 

requires NAD
+
 as a cofactor, and the amount 

of serotonin significantly increases following 

energy stress, such as caloric restriction due to 

exercise and hunger (36). This has been 

observed in a number of studies, and the 

increase in NAD
+
 potentially increases the 

activity of SIRT (44). Therefore, elevated 

SIRT1 following exercise is mainly caused by 

energy stress and adaptation to training 

accompanied by increased mitochondrial 

density, resulting in increased NAD
+
/ NADH 

content.  Little  et al.  reported  that  two weeks  
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