
 

 

 

 

ABSTRACT 

        Background and Objectives: Previous studies have shown that morphine dependence 

leads to myocardial dysfunction. In addition, apelin plays a protective role in cardiac function. The 

purpose of this study was to evaluate effects of morphine dependence and three models of exercise 

training on serum apelin level of dependent and healthy rats. 

       Methods: Ten healthy and 40 morphine-dependent rats were used in this study. The 

morphine-dependent rats were divided into four equal groups of control addicts, endurance 

training, strength training and concurrent training. The training exercises were carried out for 

eight weeks, five days a week. Serum apelin level was measured by ELISA, 72 hours after the last 

training session. 

        Results: Statistical analysis demonstrated that apelin level increased significantly in 

morphine-dependent rats compared to healthy controls. On the other hand, endurance and 

concurrent training significantly increased serum apelin level in morphine-dependent rats 

compared to control addicts, but strength training had not effect on serum apelin level in 

morphine-dependent rats. 

         Conclusion: Endurance and concurrent training may have cardioprotective effects on 

morphine-dependent rats by increasing serum apelin levels. Therefore, such training activities 

could be recommended to morphine-dependent patients to prevent cardiac disorders. 

          Keywords: Apelin, Morphine, Exercise. 
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to a primary defect in cardiac contraction (12). 

A study has suggested that apelin in tissue and 

blood could have a tonic effect on contractile 

function in adult mice (13). However, previous 

findings indicated that congenital structural 

defects in some adult Apj
−/−

 mice might further 

impair their cardiovascular function (14). 

Circulating and cardiac levels of apelin are 

reduced in patients with acute myocardial 

infarction and established coronary artery 

disease (15). Apelin-13 is considered to have 

the highest myocardial protective effect and 

significant therapeutic potential for end-stage 

heart failure (16).  

It is thought that exercise training in morphine-

dependent patients may improve cardiac function 

by increasing the level of apelin. Beneficial 

effects of endurance, strength and concurrent 

training on left ventricular function have been 

demonstrated (14). However, it is not clear how 

these activities affect serum level of apelin in 

morphine-dependents. The present study aimed 

to investigate the effect of long-term aerobic, 

strength and concurrent exercise on circulating 

levels of apelin in morphine-dependent rats. 

 

MATERIAL AND METHODS 

          This study was done on 50 male Wistar 

rats aged six weeks and weighting 150-180 g. 

The subjects were kept in a 12-hour light/dark 

cycle at stable room temperature (22 ± 1ºC) 

and 55% relative humidity. The subjects had 

free access to food and tap water. Treatment 

protocols were designed in accordance with 

the National Institutes of Health Guide for the 

Care and Use of Laboratory Animals, and 

were later approved by the Institutional 

Animal Care and Use Committee at Hamedan 

University of Medical Sciences, Iran.  

Prior to testing, the subjects were handled with 

care and their food intake and body weight 

were recorded on a daily basis. We added 0.1 

mg/ml (day 1-2), 0.2 mg/ml (day 3-4), 0.3 

mg/ml (day 5-6) and 0.4 mg/ml (day 7-21) of 

morphine to the drinking water provided for 

the subjects. In order to eliminate the bitter 

taste of morphine, 0.04 g/ml sucrose was 

added to the drinking water  (17). Naloxone (3 

mg/Kg body weight) was injected 

intraperitoneally to each rat in all experimental 

groups to examine morphine dependence. 

After  confirmation  of  addiction  in  rats  by 

the  naloxone test,  the subjects were randomly 

divided    into    four    groups    of   sedentary- 

INTRODUCTION 

        Addiction to morphine is a serious global 

health problem. Although it has some known 

beneficial effects, its consumption is limited to 

the treatment of chronic pain due to high risk 

of tolerance, dependence and subsequently 

addiction (1). Previous studies have shown that 

morphine-dependent patients have left 

ventricular systolic dysfunction and reduced 

cardiac function (2). In this regard, Mesripour 

et al. showed that morphine dependence 

induces ventricular remodeling  and increases 

oxidative stress (3). On the other hand, it has 

been proven that exercise has cardioprotective 

activity against damages caused by myocardial 

ischemia reperfusion, and helps improve left 

ventricular function through development of 

sarcoplasmic network, angiogenesis and 

decreased cardiac arrhythmias. 

Molecular mechanism of the cardioprotective 

effects of exercise on heart of morphine-

dependent patients is unknown. Apelin is a 

peptide involved in the regulation of 

cardiovascular function. This endogenous 

ligand for the G-protein-coupled receptor APJ, 

exerts strong inotropic activity and increases 

coronary blood flow by vascular dilation (4). 

There are at least four bioactive apelin 

isoforms including apelin-12, -13, -17, and -

36. Recently, apelin has been detected in 

several tissues such as white adipose tissue, 

kidney, heart, and blood vessel (5). Clinical 

evidence suggests that plasma apelin levels are 

generally lower in patients with cardiovascular 

disease (6). In response to pathological stress, 

apelin-APJ axis regulates myocardial 

remodeling, cardiac  contractility (7) and 

cardiac function (8). Loss of apelin impairs 

ischemia/reperfusion remodeling and 

exacerbates myocardial ischemia/reperfusion 

injury both ex vivo and in vivo (9). When 

administered 10 minutes before cardiac 

ischemia, morphine (0.3 mg/kg) induced pre-

conditioning of the heart to reduce infarct size 

after coronary artery ligation (10). 

Development of age-related progressive 

cardiac dysfunction in apelin-deficient mice 

can be prevented by apelin infusion (11), 

which suggest the important role of this 

peptide in maintaining cardiac performance. 

Previous studies demonstrated that surviving 

adult Apj
−/−

 mice have cardiovascular 

dysfunction. Noninvasive imagining studies 

and isolated cardiomyocyte studies have 

shown  that  this is attributable, at least in part,  
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exercise sessions on the same day. This 

training group performed two set of three 

repetitions with 3 minutes gap between sets 

and 15 seconds gap between trials of ramp 

climbing, followed by 30 minutes of treadmill 

exercise at 30m/min. The time and intensity 

were gradually increased  and determined by 

the other two groups every week (20). No 

mortality was observed after the treatments. 

Blood samples (3 ml) were taken from the 

animals' eye 48 hours after the last training 

session. After centrifugation at 10,000 rpm for 

10 minutes, serum samples were stored at -80 

°C for the experiments. Apelin was measured 

by an ELISA Reader (ELX800, the USA) 

using an ELISA kit (Apelin ELISA kit, 

RAB0018, Sigma Aldrich- USA) according to 

the manufacturer's instructions. 

Data were analyzed using SPSS (version 18). 

Normality of the data was confirmed by 

Shapiro-Wilk test. One-way analysis of 

variance was performed to evaluate 

differences between the groups. Post-hoc 

Tukey’s test was used to determine the 

differences. Data are presented as mean ± 

SEM and statistical significance level was set 

at 0.05. 

 

RESULTS 

       Serum levels of apelin were significantly 

different between the three groups (F= 12.56, P= 

0.001). Moreover, serum levels of apelin 

increased significantly in morphine-dependent 

rats compared to healthy controls (P<0.05). The 

endurance and concurrent training significantly 

increased serum apelin levels in morphine-

dependent rats compared to addicted control 

group, but strength training had no effect on 

serum level of apelin ( Figure 1(. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dependent rats (Sed-D, N=10), endurance 

exercise-dependent rats (En-D, N=10), 

strength exercise-dependent rats (St-D, N=10) 

and concurrent exercise-dependent rats (Co-D, 

N=10). In addition, 10 healthy rats (without 

addiction to morphine) were considered as the 

control group (Con, N=10).  

Endurance exercise: A motorized treadmill 

with eight individual lanes was used for 

aerobic exercise training program according to 

a protocol (18) including two periods of 

adaptation and exercise. Training started at 

speed of 10 m/min walking and 5° incline for 

10 minute per session to adapt to exercise-

induced stress. If subjects remained stable, the 

speed and time were increased gradually to 30 

m/min and 60 minute per session at a 12° 

incline for 10 weeks (5 days/week). 

Resistance exercise: In this group, the rats 

underwent 10 weeks (5 days per week) of 

progressive resistance training. The subjects 

climbed a one-meter-high ladder with 85° 

incline 12 times a day. Weights inside a cloth 

bag were tied to tail of the subjects with a 

band. The weights equaled 50% of the rat 

body weight and were gradually increased to 

130% in 10 weeks (1st-2nd week: 50-60% of  

body weight; 3rd-5th week: 70-90% of body 

weight; 6th-8th week: 100-110% of body 

weight, 9th-10th week: 110-130% of body 

weight). Each training session consisted three 

set of four repetitions with a 3 minutes gap 

between sets and 15 seconds gap between 

trials. The exercise protocol used in our study 

was adopted from study of Philippe et al. with 

some modifications (19). 

Concurrent exercise (combined resistance-

aerobic training): In this group, subjects 

performed   half   of   endurance   and  strength  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Circulating serum apelin in experimental groups (data are presented as mean± SEM) 

 

*=P<0.05   VS Con group. 

†=P<0.05   VS Con and Sed-D groups. 
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serum apelin level. However, the reason for 

the exercise-induced increase in serum apelin 

levels is unclear. Zhang et al. demonstrated 

that aortic, myocardial, and plasma apelin 

concentrations increased by exercise training 

in hypertensive rats, which was accompanied 

by the  elevation of the apelin mRNA 

expression level in aorta and heart (29). 

Therefore, aorta and cardiac tissues could be 

possible sources of the exercise-induced apelin 

elevation. Antioxidant enzymes, such as 

apelin, superoxide dismutase and catalase are 

essential for functioning of the cellular 

antioxidant defense system. These enzymes 

can prevent uncontrolled generation of 

reactive oxygen species by neutralizing highly 

reactive free radicals (30). 

The exact mechanism through which training 

exercise increases plasma apelin is not clear. 

However, some studies have suggested HIF-α, 

TNF-α, insulin and training-induced 

mechanical stress as the main causes of 

increase in plasma apelin (5, 31).  

 

CONCLUSION 

        The findings of this study show that 

morphine dependence significantly increases 

serum apelin level. On the other hand, endurance 

and concurrent training unlike strength training 

significantly elevate serum apelin level.  
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DISCUSSION 

       Apelin is a multi-functional neuropeptide 

that plays an important role in energy 

homeostasis regulation, immune system, 

gastrointestinal function and cardiac function. 

Exercise can improve cardiac function in 

morphine-dependent patients. In our study, 

serum apelin increased in morphine-dependent 

rats compared to normal rats. The endurance and 

concurrent training had better effects on the 

cardiac function and increased serum apelin 

levels in morphine-dependent rats. Strength 

training did not affect the serum apelin level. 

These results confirm our hypothesis that 

exercise can improve cardiac function in 

morphine-dependent rats by increasing serum 

apelin level. 

Physical exercise, diet and medications have 

been recommended as the mainstays of 

cardiovascular disease management. Regular 

endurance training can help prevent and/or 

treat several diseases (21). The 

cardioprotective benefits of physical exercise 

can be mediated by apelin. Aerobic exercise 

plays a beneficial role in ischemia reperfusion 

(22). However, its role in apelin regulation is 

controversial. Kadoglou et al. reported that 

aerobic exercise significantly upregulated 

apelin level (23). More recently, Krist et al. 

(24) and Sheibani et al. (7) found that exercise 

could decrease plasma apelin level and apelin 

mRNA expression. The cardioprotective 

effects of apelin have been reported by several 

studies (25-28). In this study, for the first time, 

we showed that morphine dependence increases 

the serum level of apelin. However, molecular 

mechanism of this increase is not clear. 

Considering the cardiac dysfunction in 

morphine-dependent patients, the body might 

increase the level of apelin as a protective 

mechanism to recover cardiac function.  

We demonstrated that aerobic and concurrent 

training in  morphine-dependent  rats  elevated  
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