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Abstract 

Introduction: Cyclic adenosine monophosphate (cAMP), transmits intracellular signaling 

information, resulting in release of free fatty acids. The purpose of this study was to investigate the 

effect of twelve weeks of high intensity interval training (HIIT) and endurance training on the cAMP 

gene expression and glycerol in the heart tissue of obese rats. 

Methods: In this experimental study, 20 rats were divided into four groups, including: (1) high-fat 

endurance training, (2) high-fat HIIT, (3) normal diet control, and (4) high-fat control.  

Group 1 performed endurance training, and group 2 performed HIIT for 12 weeks. Data were 

analyzed by one-way ANOVA with repeated measures and one-way ANOVA with Tukey's post hoc 

test.  

Results: Endurance training and HIIT had a significant effect on the decrease in glycerol levels; also 

the both had the same effects on reducing the concentration of glycerol in the heart tissue of obese 

rats. However, endurance training and HIIT had no significant effect on cAMP gene expression in 

the heart tissue of obese rats.  
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Conclusion: It seems that endurance and interval training with the intensity and duration of the 

present study protocol reduced the concentration of glycerol in the heart tissue of obese rats. 

However, they have no significant effect on cAMP gene expression in the heart tissue of obese rats. 

Keywords: Endurance training, high intensity interval training, cAMP, Glycerol

  

Introduction 

 Although obesity has been described 

worldwide as an epidemic for years, efforts to 

reduce this epidemic are not effective and there 

is a need for new strategies for the prevention 

and treatment of obesity [1]. The prevalence of 

obesity worldwide is rising and it is estimated 

that half of the adult population will be obese 

in the United States in 2030 [2, 3]. 

Studies have shown that obesity is a 

multifaceted disease in which afflicted patients 

are at risk of environmental and genetic 

factors, such as type 2 diabetes, high blood 

pressure, dyslipidemia, coronary heart disease, 

stroke, and cancers [3, 4]. Hence, the diagnosis 

of metabolic disorders in the heart has been 

addressed in response to the challenge of high-

fat diet [5]. 

 Given the progress of the biological sciences 

and the ability to recognize the complex 

pathways of cellular metabolism, information 

is being sought on the role of these micro-

molecules in preventing, treating or reducing 

the complications of some diseases. Recent 

studies have shown that the synthesis, 

accumulation and secretion of fraction-

dependent components such as very low 

density lipoprotein are a function of hormonal 

and metabolic control. Therefore, fat 

metabolism is not only dependent on factors 

such as catecholamines, prostaglandins, 

calcium antagonists, but also is inhibited by 

cyclic adenosine monophosphate cAMP 

pathway agents such as glucagon, cAMP 

derivatives and cAMP-dependent protein 

kinase [6]. cAMP, known as a carrier, 

transmits intracellular signaling information, 

resulting in the release of lipid profiles and free 

fatty acids, both of which provide the 

background for tissue fat loss [7]. Also, cAMP 

is the second major messenger of beta-

adrenergic signal pathway receptors and 

phosphorylation of voltage valves and 

ryanodine receptor, which increases Ca2 + for 

contraction of the heart muscle [8]. 

Researchers have argued that increased 

inflammation following obesity reduces the 

function of beta-adrenergic receptors in 

adipose cells, resulting in decreased 

catecholamine function by decreasing 

intracellular cAMP [7]. Furthermore, 

exogenous fatty acids are known to inhibit 

cAMP production in adipocytes [9 ].  

On the other hand, lifestyle change seems to 

be the most important factor in the treatment 

of obesity. The most commonly used 

therapeutic ways to reduce weight in the 
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obese population include behavioral 

interventions (physical activity and dietary 

changes), pharmacology and surgery [3, 

10,11]. Among these interventions, sport 

exercises as a non-pharmacological and low-

cost strategy cause changes in the body that 

increase physical health and reduce the risk 

factors in the lives of inactive people [12, 13]. 

However, Studies on the effect of intensity 

and type of exercise on metabolism and its 

molecular pathways are contradictory. For 

example, participation in activities with 

intensity of 63%, 86% of maximal heart rate 

had a significant effect on the increase of 

cAMP, glycerol and adrenaline, but super-

maximal activity only managed to affect 

blood glucose levels, cortisol and glycogen 

following these exercise intensities in 

ergometer bike [14]. Four weeks of endurance 

training with intensity of 50 to 60% of 

running speed had a significant effect on the 

increase of serum glycerol levels and the 

expression of insulin pathway proteins [15]. 

Twelve weeks of aerobic exercise did not 

significantly affect increasing cAMP 

expression in adipose tissue of rats [16].  

Although therapeutic advantages of physical 

exercises are extensively recognized, many 

people, especially the obese population, do not 

participate in a regular sporting event. These 

people consider the "lack of time" as the main 

obstacle to a regular exercise program [17]. 

High intensity interval training (HIIT) has 

been suggested as an effective option to 

address the lack of time for exercise [18], but 

such exercises are controversial in the studies 

on obesity measurement indices [19-20].  

Based on our information, no research has 

examined the effects of HIIT on expression of 

cAMP in the heart tissue of rats. Therefore, the 

aim of present study is to investigate the effect 

of 12 weeks of endurance training and HIIT on 

cAMP gene expression and glycerol levels in 

the heart tissue of obese rats. 

 

 

Methodology 

In this experimental study, 20 male Wistar rats 

with mean weight of 156.71 ± 27.42 were 

purchased from the Pasteur Institute of Amol, 

and held for one week for compatibility in 

appropriate laboratory conditions; the light and 

dark cycle of 12:12 hours; temperature of 22 ± 

3 ° C, and humidity of 40-50%, in 

polycarbonate transparent cages of 30, 15 and 

15 cm in length, width and height, 

manufactured by Razi Rad Co. 

The present study was carried out in two stages 

including fattening stage and training stage. 

The weight of the rats was measured at the 

beginning, at the end of the fattening phase and 

the end of the 12-week training period. Rats 

were randomly divided into four groups of 
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five, including: 1- high-fat endurance training 

(Under the diet, 40% fat, 13% protein and 47% 

carbohydrate), 2- high-fat HIIT, 3- high-fat 

control, and 4- normal diet control (A special 

diet of rats prepared by Behparvar Company 

containing 58% carbohydrate, 13% fat, and 

28% protein).For each 100 grams weight of 

each rat, 5 grams of food were put in a cage 

once a week, based on weighing, and the water 

they needed was freely available in a 500ml 

bottle of laboratory animals. 

Rats in groups 1, 2 and 3 with high fat diets 

with 40% fat (20% soybean oil and 20% 

animal fat), 13% protein and 47% 

carbohydrates were studied before and during 

the protocol. 

The Lee's index was used to measure obesity. 

In this criterion, rats over 310 grams are known 

to be obese [16]. 

It should be noted that this study was carried 

out in accordance with the guidelines for the 

use and care of laboratory animals [21]. 

Training protocol 

The warm-up phase included running for 3 

minutes at 10 m / min, followed by running for 

2 minutes at an intensity of 15 m / min, and 

after performing the main training in each 

group, rats were cooled-down for 1 minute at 

an intensity of 15 m / min and then for 2 

minutes at an intensity of 10 m / min. 

For determining the maximum oxygen 

consumption, the mean of maximum speed 

obtained by using the Bedford et al.’s (1997) 

incremental test [16]. For the rats in high-fat 

endurance training groups, 65% of the 

maximum speed evaluated and was considered 

as the given intensity in the endurance training 

groups in the first week. The endurance 

training protocol was progressive and started 

at a speed of 20 m / min for 15 minutes in the 

first week and gradually progressed to 25 m / 

min for 13 minutes in the 12th week.  

The HIIT protocol was performed at the 

intensity of 85 to 90% of the maximum 

running speed, including 7 repetition of 1-

minute attempts at 31 m / min speed and active 

rest between the intervals with 6 attempts at 15 

m / min speed in the first week, which with an 

average increase of 2 m / min per week, 

gradually reached 10 repetition of 1-minute 

attempts at 55 m / min speed and active rest 

with 9 repetition of 1-minute attempts 

(between the intervals) at 25 m / min speed in 

week 12. The trainings were conducted for 12 

weeks and five sessions per week. 

 

Measurement and examination of tissues 

48 hours after the last training session, rats 

were intraperitoneally anesthetized with a 

combination of ketamine (70 mg / kg) and 

zylozine (3-5 mg / kg) and then sacrificed. The 

heart tissue was taken and weighed with a 

digital scale of 0.001 grams accurately. The 

tissue was placed in a tube of Falcon 15 and for 
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each 0.5 gram of tissue 200 μl of a single-phase 

lubricating solution was poured into it.  

To maintain tissue proteins, aprotinin was 

added to it and was homogenized using a 

homogenizer for 5 minutes at 8000 rpm. Then, 

the achieved solution was centrifuged at 3000 

rpm for 15 minutes. 

The supernatant was transferred to the 

microtubule by sampler and analyzed for the 

variables considered and the remaining 

sediment was discarded. Extracting RNA and 

examining the expression of the gene was 

carried out by Real Time PCR.  To extract 

RNA, 50 mg of frozen heart tissue of rats was 

homogenized and the RNA solution was 

extracted using the Plus-RNA kit manufacturer 

(Sina gen, Iran), and using the DNAse I 

enzyme any contamination with DNA and 

RNA degrading enzymes was purified. 

Of sample, 2 μg of mRNA was used to 

synthesize the first cDNA strand. For synthesis 

of cDNA, a cDNA synthesis kit (Fermentas, 

Germany) was used. Relative cAMP gene 

expression in the heart was measured by 

cAMP specific primers using time real time 

PCR method. 

Information on the design of the cAMP gene 

primer was obtained in the form of 

CGTGCTGTGGATGACTTCAA. The 

glycerol tissue levels were measured by a 

glycerol kit and analyzed by an auto-analyzer 

and spectrophotometer. 

 

Statistical procedures 

For statistical analysis of the findings, 

Kolmogorov-Smirnov test, one-way ANOVA 

with repeated measures and Bonferroni's post 

hoc test, as well as one-way ANOVA with 

Tukey's post hoc test were used in SPSS 

version 20 (p ≤0.05). 

 

Findings 

In Table 1, the rats' weight in the four groups 

of research in different periods is presented. 

To examine changes in the weight of rats at 

different times and groups (Figure 1), the 

results of one-way ANOVA with repeated 

measures showed a significant difference in 

the weight of rats at the time before the 

fattening stage, after the fattening stage, and 

the end of the protocol (p = 0.001 and F = 

296.66), but the time and group interaction in 

weight levels is not significant (p = 0.31 and F 

= 1.26).

 

 

Table 1: Weight of rats prior to high fat diet, after high fat diet and at end of protocol in the four 

groups of research 

Weight 

(End of Protocol) 

Weight 

 (After Fattening) 

Weight 

(Before Fattening) 

Group 
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391.32±16.37 384.17±11.63 149.26±24.05 Normal Diet 

Control 

397.61±87.0355 351.73±51.44 180.30±08.54 High-Fat 

Control 

334.56±81.99 376.56±93.76 154.41±20.96 Endurance 

Training 

346.21±46.81 398.26±21.31 143.35±31.28 HIIT 

 

Also, the results of Bonferroni’s post hoc test showed that the weight of rats in the fattening stage 

increased significantly compared to the pre-fattening stage (p = 0.001 and M = 220.98); however, 

there was no significant difference in weight levels after the completion of the protocol compared to 

the post-fattening stage of rats (p = 0.09 and F = 10.11) (figure1). 

 

Figure1. Rats’ weight levels at different time periods and groups of research  

 

The results of one-way ANOVA showed that there was no significant difference in cAMP gene 

expression in the heart tissue of the four groups of rats (P = 0.13, F = 2.161). However, there was a 

significant difference in the level of Glycerol in the heart tissue of rats in four groups of research (P 

= 0.001, F = 371.70) (Table2). 
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Table 2: Results of one-way ANOVA test to compare cAMP and glycerol in the study groups 

P F Standard 

Deviation 

Mean Group Variable 

o.138 

 

2.161 0.0053 

0.0012 

0.0023 

0.0012 

0.05678 

0.00030 

0.00050 

0.00024 

Normal Diet Control 

High-Fat Control 

Endurance Training 

HIIT 

 

cAMP 

 

0.001* 

 

 

 

371.70 0.0351 

0.1062 

0.05669 

0.02777 

0.4000 

1.5564 

0.5020 

07277 

Normal Diet Control 

High-Fat Control 

Endurance Training 

HIIT  

 

 

Glycerol 

 

 

 

The results of Tukey's post hoc test in Table 3 showed that high fat diet significantly increased the 

tissue concentration of glycerol in the heart tissue of rats (p = 0.001, M = -1.15). Also, endurance 

training (p = 0.001, M = 1.05) and HIIT (p = 0.001, M = 1.10) had a significant effect on glycerol 

reduction in the heart tissue of rats with high-fat diet. Endurance training and HIIT had the same 

effects on reducing the amount of glycerol in the heart tissue of rats with high-fat diet (p = 0.62, M = 

0.04) (Table3). 

Table 3: Results of Tukey's post hoc test to determine the difference in glycerol content in rats in 

four groups of research 

HIIT Endurance 

Training 

High-Fat Control  

M=-0.05 

P=0.58 

M=-0.10 

P=0.09 

M=-1.15 

P=0.001 

Normal Diet Control 

M=1.1 

P=0.001 

M=1.05 

P=0.001 

 High-Fat Control 

M=-0.04 

P=0.62 

  Endurance Training 
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Discussion  

The results of this study showed that 

endurance training and HIIT had no significant 

effect on cAMP expression in the heart tissue 

of obese rats. However, endurance training and 

HIIT had a significant effect on reducing the 

concentration of glycerol in the heart tissue of 

obese rats. Endurance training and HIIT also 

had the same effects in reducing the 

concentration of glycerol in the heart tissue of 

rats. 

It has been shown that cAMP as a messenger 

has a variety of biological effects: for example, 

maintaining vascular homeostasis. Stimulation 

of contractions in the heart occurs by various 

types of cAMP-dependent protein kinases 

[22]. It also transmits various receptors by 

transmitting signals generated by stimulation 

and activates various cellular functions. The 

cAMP activates the protein kinase a molecules 

that are adjacent to the T tubules and also 

seems to create slow channels of Ca2 + in the 

heart cells [22], 

Inactive and active forms of both 

phosphorylase and triglycerid lipase enzymes 

responsible for mobilizing carbohydrates and 

lipids are ultimately controlled by cAMP. As a 

result, it appears that cAMP variations may be 

important for mobilizing fat and carbohydrates 

during sports exercise [23]. 

Researchers believe that sports exercises 

stimulate beta-adrenergic receptors due to 

increased sympathetic nerve activity and 

epinephrine and norepinephrine secretion. 

This, in turn, activates cAMP and thus 

activates fat degrading enzymes and ultimately 

increases lipolysis, and the transmission of 

intracellular signaling data via cAMP leads to 

the release of triglycerides (TGs) from fatty 

scids (FA) [24]. 

Researchers believe that lifestyle change with 

reduced physical activity has a direct 

relationship with the increased risk of obesity 

and higher incidence of metabolic disorders 

[25, 26]. Today, exercise is widely recognized 

as a nonpharmologic intervention against 

obesity and diseases associated with obesity 

[27]. In line with the findings of the present 

study, the researchers stated that a training 

session with 40% maximum oxygen 

consumption had no significant effect on 

cAMP receptor expression in human skeletal 

muscle [28]. In addition, twelve weeks of 

aerobic exercise did not significantly affect 

cAMP expression in adipose tissue in rats [16]. 

Three months of high intensity training had no 

effect on the level of cAMP synthesis in 

adipose tissue of rats [29]. 

On the other hand, it has reported that one bout 

training with an intensity of 80% of maximum 

oxygen consumption increased cAMP in 

human skeletal muscle [30]. In another study, 

six weeks of moderate-intensity strength 

training had a significant effect on the 

expression of different AMPK isoforms in 

men with type 2 diabetes [24].  
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Participating in activities with intensity of 

63%, 86% of maximal heart rate had a 

significant effect on the increase of cAMP, 

glycerol and adrenaline, but the supermaximal 

activity only affected blood glucose levels, 

cortisol, and glycogen in men following these 

exercise intensities on ergometer bike [14]; the 

reason for the inconsistency of this study with 

the present study is the difference in the 

statistical population, and the difference in the 

intensity and duration of the training. Also, the 

results of this study showed that endurance 

training and HIIT had a significant and equal 

effect on reducing the concentration of 

glycerol in the heart tissue of obese rats. Along 

with this finding, a previous study has revealed 

the effect of cAMP on the release of glycerol 

and fatty acids, which found that there was a 

relationship between glycerol and cAMP [31].  

It was also found that regular physical training 

has a significant effect on the increase in 

glycerol circulation levels, and the researchers 

have acknowledged that physical activities 

significantly increase glycerol levels as an 

indicator of total lipolysis in the body [32]. 

Given the fact that glycerol is a final product 

of lipolysis and blocks intake of food in 

different conditions, it is likely that increased 

lipolysis of fat cells by exercise affects the 

energy intake [33].  

Also, in animal research, it has been shown 

that during exercise, an increase in heart 

hormones increased the concentration of 

adenosine. In this way, ATP decomposition 

and increased AMP concentration lead to 

adenosine accumulation to increase energy 

supply and demand and eventually increase 

cAMP [34]. Consistent with this study, four 

weeks of endurance training with intensity of 

50 to 60% of running speed had a significant 

effect on serum glycerol levels and the 

expression of insulin pathway proteins [15]. 

In one  study,  researchers argued that increase 

in adenosine acts as a progressive loop and 

increases the expression of cAMP to activate 

thermogenic genes [35]. They concluded that 

the accumulation of adenosine increases the 

metabolism of the heart, which increases the 

cAMP and lipolysis [36].  

 

Conclusion 

Regarding to the results of this study, it seems 

that endurance training and HIIT, with 

intensity and duration of the present study 

protocol, have no significant effect on 

expression of cAMP in the heart tissue of 

obese rats. However, with regard to the 

significant and equal effect of the endurance 

training and HIIT on reducing the 

concentration of glycerol in the heart tissue of 

obese rats, the HIIT could be considered as a 

possible new strategy for the prevention and 

treatment of obesity, although more studies are 

needed. 

Our study has several limitations. Due to the 

role of ATP regulation and AMP 

concentration, lack of measurement of their 

concentration is one of the limitations of the 
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present study. Therefore, it is recommended in 

future studies to study the concentration of 

these factors along with the variables of this 

research. In addition, since the previous 

studies indicate that effect of physical 

activities on expression of cAMP is dependent 

on some hormonal and metabolic factors, it is 

suggested that these mechanisms be 

investigated in future studies. Also Regarding 

the role of diet in weight loss, it seems that the 

lack of daily meal control measures to 

accurately control the calorie intakes and 

calories consumed are the limitations of the 

present study. Therefore, it is recommended 

that in future studies the amount of food used 

in rats be accurately measured and its 

relationship with regulatory factors of 

metabolism should be considered. 
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