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ABSTRACT 

Background. Irisin is the result of the proteolysis of fibronectin type III domain-containing protein 5, the levels of 

which are determined by physical activity. Objective(s). This study aims to identify changes in FNDC5 gene 

expression and the heart muscle irisin levels in male rats following 8 weeks resistance and endurance 

trainings. Methods. Fifteen male rats (10-12 weeks old and 331.8±63.09 g in weight) were randomly assigned to 

three groups: control, resistance and endurance training groups (5 in each group). The endurance group performed 

activities on a treadmill for 8 weeks. The resistance group performed activities for 8 weeks on a one-meter-long 

ladder with a slope of 85○. The control group did not undergo any particular training. Sampling was carried out 72 h 

after the end of the training. The heart tissue were excised, cleaned and immediately frozen in liquid nitrogen, and 

stored at -70○C. FNDC5 gene expression and the heart muscle irisin levels were measured using Real-Time PCR 

and ELISA, respectively. Results. Kruskal-Wallis test showed a significant increase in the heart muscle FNDC5 

expression in both training groups (P=0.004). One-way ANOVA showed a significant difference in heart muscle 

irisin levels among the groups (p=0.004). Conclusion. It can be concluded that both resistance and endurance 

training can significantly increase FNDC5 gene expression and the heart muscle irisin levels, suggesting that 

physical activity can prevent and cure cardiovascular diseases. 
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INTRODUCTION 
Cardiovascular diseases are the main cause 

of death worldwide. Diabetes, dyslipidemia, 

high blood pressure, family background, 

obesity and smoking can also play a role in 

enhancing the risk of cardiovascular diseases. 

Moreover, genetic factors can predispose 

individuals to the diseases. Recent studies have 

demonstrated the role of genetic and epigenetic 

factors in the pathogenesis of coronary 

diseases. However, the exact mechanism is not 

clearly known (1).  

Among the largest muscles in the human 

body, is the heart muscle (myocardia), which 

releases several myokines. One of the myokines 

which is mainly expressed in the myocardium is 

irisin (2). 

Irisin is a small polypeptide hormone, 

containing 111 amino-acids with a molecular 

http://www.aassjournal.com/
mailto:rashidlamir@um.ac.ir
http://www.aesasport.com/


22              FNDC5 Gene Expression and Irisin Levels of the Heart Muscle in Response to Exercise Training 

Hosseinzadeh, M., Rashid Lamir, A., Hejazi, S. M. (2018). Ann Appl Sport Sci, 6(1): 21-28. 

weight of 22 kDa (3), which is the product of the 

proteolysis of a trans-membrane protein called 

fibronectin type III domain-containing protein 5 

(FNDC5) (4), and also known as exercise 

hormone (5). FNDC5 has 209 amino-acid 

remnants (6) and its expression takes place in a 

number of organs, including the heart. The role it 

plays in the browning process of white adipose 

tissue has recently attracted the attention of 

several researchers (6-8). 

The major function of irisin in white adipose 

cells is increasing the expression on uncoupled 

protein I (UCP1), which results in metabolic 

advantages by burning energy resources (9). 

In this regard, Boström et al. (2012) showed 

that peroxisome proliferator-activated receptor-

gamma (PPAR- γ) coactivator-1 α (PGC1- α) 

regulates FNDC5 gene expression and is 

responsible for the browning of white adipose 

tissue (10). As a result, the positive effects of 

PGC1 cause UCP-1 expression and 

thermogenesis in the brown adipose tissue (11).  

Evidently, brown adipose tissue functions as 

a protector for the spine or backbone, as well as 

mediastinum, particularly in para-auortic zone, 

and also around the heart, especially the apex 

(12). Brown adipose is of low energizing 

potential and high thermogenesis (13). It has 

been observed that the browning of white 

adipose tissue can help protect against metabolic 

disorders caused by diet, obesity and metabolic 

diseases such as type II diabetes (3, 14). Because 

such disorders are closely related to 

cardiovascular diseases including coronary 

diseases (15), it is plausible that stimulating 

particular brown adipose sources or facilitating 

the alteration of white to brown adipose can be a 

promising strategy in treating metabolic 

disorders and cardiovascular diseases (16). 

Taking extra calories and the reduction of 

physical activity play a role in development of 

such chronic diseases such as cardiovascular 

diseases (17). 

Conversely, regular physical exercise is 

proportionate to atherosclerosis and the 

occurrence of primary and secondary 

cardiovascular attacks, although the mechanisms 

of physical exercise leading to prevention of 

atherosclerosis are not clearly known yet (18). 

Nonetheless, these are perhaps, a combination of 

optimal energy balance, fatness limitation and 

inflation, which is the potential result of the 

secretion of myokines (5). 

In this regard, irisin is a myokine which is 

involved in the development of atherosclerosis 

(1) and thus can help in the treatment of 

atherosclerosis, as it is a potential treatment goal 

(18). 

 Its role in physiology is, however, quite 

unknown (15). Different studies on humans and 

animals have shown that irisin/FNDC5 

expression is related to the intensity, duration 

and type of physical activity (19, 20). 

For instance, Norhim et al. (2014) found an 

increase in irisin level immediately after the final 

session of combined (resistance and endurance) 

physical activities both in healthy and diabetic 

subjects (21). However, Kurdiova et al. (2014) 

failed to find any change in the levels of this 

peptide in obese and overweight subjects neither 

immediately nor 60 min after the last session of 

combined (resistance and endurance) physical 

activities (22). 

The overall conclusion of these studies is that 

exercise is among the basic factors that stimulate 

the secretion of this hormone and its functioning 

upon energy metabolism (20). 

On the other hand, the excitation parameter 

and the nature of the physical activity (as 

endurance, resistance or speed) is a decisive 

factor in this regard (20). 

Whereas, metabolic adaptations due to 

aerobic exercise have often been the focus of 

attention, and the role of endurance training in 

the development of physical health and 

preparation – even in people with diverse 

physical conditions, is quite realized (23). 

It has been also suggested that endurance 

training may be beneficial in energy expenditure 

and fat oxidation (24). Taking into consideration 

the metabolic properties of the brown adipose 

tissue as a working factor in the prevention and 

treatment of obesity, metabolic disorders and 

cardiovascular diseases (14), and the role of 

physical activity in the browning of white 

adipose tissue (25), a large number of researches 

is needed to determine, if physical activity can 

play a key role in the overall metabolism (26), 

the kind of activity and intensity, and duration 

needed to affect the factors involved in the 

browning of white adipose tissue. Thus, the 

current survey revealed that most studies had 
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investigated serum irisin levels in unhealthy, 

elderly or obese individuals (27, 28) and that in 

the field of physical training, the results on 

FNDC5 gene expression and the irisin levels in 

the heart muscle as a tissue with a high potential 

of metabolism which contains both types of 

brown and white obesity tissues (12), producing 

a larger amount of irisin in comparison with the 

skeletal muscle (29), has attracted less attention. 

Therefore, the present study aims to investigate 

the expression of FNDC5 and irisin in the heart 

muscle following eight weeks of resistance and 

endurance trainings in male rats. 

 

MATERIALS AND METHODS 
With the aim of this experimental study, 15 

male rats (Wistar rats, 10-12 weeks old with an 

average weight of 331.8± 63.09 g) were 

randomly assigned to three groups: control , 

resistance and endurance groups. These rats 

were kept in controlled light conditions (12 h of 

dark after 12 h of light conditions), temperature 

(22±1°C) and humidity (50%) in transparent 

polycarbonate cages for rodents and they had 

free access to food and water. 

Exercise Training Protocol. Prior to the 

beginning of the training protocol, the subjects 

spent a week to familiarize with the procedure. 

The familiarization process for the aerobic group 

included 5 sessions of walking on the treadmill 

at a speed of 15-20 m per minute and a zero 

slope that lasted for 20-40 min. For the 

resistance group, it consisted of 5 sessions of 

climbing a one-meter-high ladder with a slope of 

60-80°. This followed attaching the clipper and 

the connected weight to the rat’s tail. After 

wards, the endurance group performed the 

aerobic exercise, which was composed of 8 

weeks (5 days a week) running on the treadmill 

at a speed of 20 m/min for 60 min in each 

session. The first 10 min was allocated to warm-

up and the final 10 min was allocated to cool-

down at a speed of 15 m/min (30).  

The resistance training was done with 3 

sessions per week for 8 weeks. During the first 

week, the weight was connected to each 

subject’s tail which is equal to 50% of the rat’s 

body weight with a 10% weekly increase. The 

training was done on a one-meter-high ladder 

such that a weight was attached to the clipper on 

the rat’s tail, and the animal had to climb up the 

ladder. This was done for three rounds at a 

repetition of five. The rounds’ intervals were 3 

min and the interval for repetitions was 1 min. 

This training method was adapted from reliable 

sources (31, 32). The control group did no 

exercise over this period. 

Tissue Biopsies. 72 h after the final exercise 

session, the rats were anaesthetized in the 

specialized sampling site (sterile space) with a 

combination of ketamine (30-50 mg for each kg 

of weight) and xylazine (3-5 mg for each kg of 

weight) (32). The heart was excised, cleaned, 

washed in ice cold saline, and immediately 

frozen in liquid nitrogen and stored at -80○ C 

until RNA extraction. Measurement of heart 

tissue irisin levels was done via ELISA method, 

using Rat irisin ELISA Kit (EK-067-52), 

Phoenix, USA.  

 RNA, cDNA Synthesis and Real-time 

PCR. So that mRNA could be taken, 50 mg of 

the frozen tissue was taken for homogenization. 

In accordance with the developer's advice, 

Sinagen RNA-Plus kit was applied in order to 

remove mRNA. Two micrograms of mRNA was 

taken from each sample to synthesize the 

complementary DNA (cDNA) (cDNA Synthesis 

Kir, BIONEER, Korea). Table 1 shows the 

nucleotide primer sequences of FNDC5 (32) and 

the reference genes (33).  

 
Table 1.Oligonucleotide primer sequences 

primer sequences Type Gene 

5 -GTCTCCCACCACCATCTT-3 forward 
FNDC5 

5-TCTGTCTCTGAGTGTAGCCTTAGC-3 Reverse 

5'-GTGCCAGCCTCGTCTCATAG forward 
GAP.DH 

5'-GACTGTGCCGTTGAACTTGC Reverse 

 

 

Real Time PCR was done to measure the 

level of gene expression and the parameters for a 

two-step PCR were 95ºC for 5 min, 1 cycle, then 

95ºC for 10 s and then 60ºC, for 30 s, 45 cycles, 
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and parameters for melting curve program were 

55 to 95 (0.5 increment for f seconds). 

After the reaction, the threshold cycle (Ct) 

was calculated for each sample. The 

proportion of the gene Ct to the housekeeping 

gene that produced the level of gene 

expression was determined using applying 

Livak equation (34). 

Statistical Analysis.  Wilk test was done and 

there was no normal distribution of data with 

regards to heart tissue FNDC5 gene expression. 

Then, for comparison of the mean, statistical 

non-parametric Kruskal-Wallis test was done, 

and Mann Whittney test was applied to settle the 

inter-group significance. Moreover, due to the 

normal distribution of heart irisin levels, one-

way ANOVA and Tukey test were done. The 

level of significance was set at P˃0.05. SPSS 16 

was used to analyze the data. 

 

RESULTS  
Changes in heart muscle FNDC5 gene 

expression. Results of Shapiro-Wilk test 

showed no normal distribution of data related 

to FNDC5 gene expression and a normal 

distribution of the heart muscle irisin levels. 

Kruskal-Wallis test showed a significant 

difference in FNDC5 gene expression among 

the groups (P = 0.004, Chi-Square = 10.909). 

Mann Whitney test was used to analyze 

intergroup differences and the results showed 

that there was a significant difference in 

FNDC5 expression between the resistance and 

endurance groups on one hand and the control 

group on the other hand (P=0.005 & P=0.005, 

respectively). However, no significant 

difference in FNDC5 gene expression was 

found between the aerobic training and 

endurance groups (P=0.11) (Figure 1). 

 

 
Figure 1. Real-Time PCR of Heart Muscle FNDC5 Relative mRNA 

Expression in Control (C), Endiorance -Training (EN), Resistance – 

Training (RES) Groups, in male Rats. Data expressed as mean ± SD. 

Each column is for each group including 5 rats. 

 

 

Changes in heart muscle irisin levels. The 

heart muscle irisin levels were normally 

distributed and one-way ANOVA showed a 

significant difference among the groups (P = 

0.001 & F = 53.91). Tukey test showed that there 

was a significant increase in the heart muscle 

irisin levels in the resistance and endurance 

groups as compared to the control group (P = 

0.001 and P = 0.001, respectively). It also 

showed a significant difference between the 

training groups (P = 0.037) (Figure 2). 

DISCUSSION  
The findings of the present study showed that 

8 weeks' resistance and endurance activities 

caused a significant increase in FNDC5 gene 

expression and irisin levels in the heart tissue. 

The heart tissue is known as an irisin-

secreting organ (35). In vivo and in vitro studies 

indicate the major role that irisin plays in the 

functioning of the heart muscle (36) and is a 

promising candidate in treating metabolic 

disorders and cardiovascular diseases. This 



 FNDC5 Gene Expression and Irisin Levels of the Heart Muscle in Response to Exercise Training               25 

Hosseinzadeh, M., Rashid Lamir, A., Hejazi, S. M. (2018). Ann Appl Sport Sci, 6(1): 21-28. 

hormone is the protolithic product of FNDC5, 

whose expression is stimulated by physical 

activities and positive regulation of PPAR-γ and 

PGC1-α (35). It was recently reported that irisin 

responded to resistance and endurance trainings. 

Yet, there is incongruity among researchers as to 

what kind of training (endurance vs. resistance) 

with what intensity (high vs. medium) and what 

duration (acute vs. chronic) leads to more 

desirable results (37). 

 

 
Figure 2. Heart Irisin Concentrations (ng/dL) in Control (C), 

Endurance -Training (EN), Resistance –Training (RES) 

Groups, in male Rats. Data expressed as mean ± SD. Each 

column is for each group including 5 rats. 

 

 

The present study showed that eight weeks' 

resistance and endurance training can almost 

equally increase FNDC5 gene expression and 

irisin levels, which is in accordance with 

previous researches (21, 32, 35, 37, 38). For 

instance, Reisi et al. (2015) observed increase 

in male rats' fat tissue FNDC5 gene expression 

after 8 weeks' endurance training (32). Also, 

Aydin et al. (2014) observed a significant 

increase in the heart muscle irisin in rats 

(young or old) after exercise (floating on 

water) (15). However, these study findings 

contradict those of Fein et al. (2013), who 

reported that there was no significant 

difference in FNDC5 gene expression in 

epicardial or subcutaneous fat, deltoid muscle, 

triceps brachii muscle or heart muscle in pigs 

(39). The findings were also different from 

those of Pekkala et al. (2013), who reported no 

increase in serum FNDC5 and irisin following 

intense long-term aerobic exercises and a 

combination of aerobic and endurance 

trainings in young or old men. Just a single 

session of endurance training increased 

FNDC5 gene expression in young men (40). 

These diverse findings suggest that the 

different training protocols, particularly when 

applied to different species (humans vs. 

Guinea pigs), yield incomparable results (15). 

The mechanisms that depict the protective 

effects of physical exercise are yet to be known. 

Endurance training is necessary for most 

metabolic adaptations, while resistance training is 

potentially valuable too. Endurance training can 

help improve health by augmenting fatless mass 

and fat oxidation (41). Research shows that both 

aerobic (resistance) and endurance (power) 

training reduce the profile of cardiovascular risk 

and increase basic metabolism (35). It seems that 

the irisin levels increase in male rats in 

adaptation to endurance training, which can then 

make white subcutaneous adipose tissue to get 

brown and increase energy expenditure via 

thermogenesis that is not induced by physical 

activity nor by food consumption (41). Another 

favorable effect of endurance training is 

increasing fatless mass, which can give rise to 

resting metabolism and energy expenditure (41). 

Research supports the existence of irisin 

receptors on the surface of heart cells, through 

which irisin can activate several lower-grade 

signaling routes in cardio myoblasts (35). It has 

been suggested that irisin might induce its effects 

(growth, thermogenesis, etc.) on heart cells by 
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regulating the course of P13K-AKT; that is, these 

courses play their part in the browning of white 

adipose cells in rats via irisin (35).  

Another mechanism that could help explain 

the effect of physical activity on heart 

functioning through increasing irisin might be 

related to excessive FNDC5 expression 

following physical activities, which in turn could 

increase the expression of PPARs in the white 

adipose tissue. In other words, PPAR may have a 

mediating role in FNDC5 effects (36). A large 

number of PPAR-ɑ target genes are involved in 

the removal of cellular fatty acids (like lipase 

lipoprotein) and in the beta-oxidation of 

mitochondrial fatty acids. In congruence with 

this function, PPAR-ɑ is highly expressed in 

brown adipose tissue, which is actually a 

characteristic of brown adipose tissue, as 

contrasted with white adipose tissue, and 

together with PGC-1ɑ, regulates the principal 

parts of thermogenesis like UCP-1. That is why 

PGC-1ɑ is known as an immediate target of 

regulating the coupling of PPAR-ɑ in brown 

adipose tissue (16). Research has suggested 

PPAR gene expression after resistance training 

(42-44). Therefore, one of the ways through 

which resistance training affects irisin levels 

might be via increase in PPAR gene expression, 

which in turn, positively regulates PGC-1ɑ and 

UCP-1.  

On the other hand, it has been suggested that 

irisin peptides produced in the heart muscle can 

directly prevent the formation of plaques 

(athroms) by browning white adipose tissue. 

Thus, metabolism is not paired and the heart 

burns more calories (15). Therefore, one of the 

mechanisms through which the heart benefits 

from physical activities through the increase of 

irisin levels might be the major role irisin plays 

in maintaining the functioning of endothelial 

cells. Irisin has thus been known as a potential 

medicinal aid in treating atherosclerosis (18). 

 

CONCLUSION  
The present research showed that both 

resistance and endurance trainings increase the 

expression of FNDC5 and the amount of irisin in 

the heart tissue. It is probably through this way 

that they improve cardiovascular conditions.  

Considering the limitations of the present study 

in measuring white adipose tissue and how much 

browning took place, it is suggested that future 

research should pay attention on these factors so 

that the role of physical activity in increasing 

irisin levels and the mechanisms at work in the 

browning of white adipose tissue are better 

understood. 
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