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ABSTRACT
Background. This study aimed to examine serotonin, dopamine and cardiovascular responses to aerobic and 

resistance exercise in men addicted to methamphetamine during rehabilitation. 
Methods. Subjects were 10 men addicted to methamphetamine with an average age of 31.2 ± 6.2 years old, 

height: 173 ± 5.6 cm, weight: 73.66 ± 12.5 kg. In the first session the subjects were acquainted with the environment. 
The variables measured at the second session were physical and physiological characteristics. In the third and fourth 
sessions, projects to ensure the effectiveness of the pilot were conducted. In the fifth and sixth sessions which were 
spaced 7 days apart, aerobic and resistance exercises were carried out. The variables which were measured before 
and after exercise programs included heart rate, blood pressure and circulatory levels of serotonin and dopamine. 

Results. The increase in blood serotonin and dopamine levels after both aerobic and resistance exercise were 
significant (p < .05), but neither of the two aerobic and resistance exercise were superior to each other. In addition, 
decrease in systolic and diastolic blood pressure, heart rate, mean arterial pressure, pulse pressure and myocardial 
oxygen cost at some time intervals after these two exercises were significant (p < .05), However, there were no 
significant changes in comparison of exercises (p > .05). 

Conclusions. Both of these exercises can be used as valuable support factors in treatment of addiction.

Keywords: physical activity, methamphetamine, neurotransmitter, blood pressure.

INTRODUCTION

Among various types of drugs, 
methamphetamine is a highly addictive 
stimulant and is widely abused. In 1893, 

for the first time synthesized methamphetamine 
was used to treat hyperactivity, narcolepsy, asthma 
and obesity (Varner, Ogden, Delcarpio, & Meleg-
Smith, 2002; Zweben et al., 2004). Stimulants are 
substances that increase the activity of the central 
nervous system and generate increased heart rate 
and blood pressure. As a result, methamphetamine 
enhances awareness, creates a sense of confidence 
and energy, increases concentration and conscious 
behaviour. Chronic methamphetamine abuse 
reduces dopamine transport in the striatum and to a 
lesser extent in the frontal cortex of the consumers, 

produces depletion of dopamine terminals in the 
brain (McCann et al., 2008). On the contrary, high 
doses of methamphetamine also cause depletion of 
serotonin terminals (Ricaurte, Schuster, & Seiden, 
1980). In fact, psycho-stimulants not only inhibit the 
transmitters of dopamine and increase the release 
of dopamine (Seiden, Sabol, & Ricaurte 1993), but 
also inhibit serotonin reuptake and increase it in 
extracellular space of the cell (Andrews & Lucki, 
2001). In a study, Thompson et al. (2004) compared 
the methamphetamine-dependent patients and 
healthy subjects and concluded that long-term 
use of methamphetamine damaged dopaminergic, 
serotonergic and metabolism systems of the brain. 
The results showed that the brains of its consumers 
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had structural anomalies. Based on the results 
reported by Harvey, Lacan, Tanious, & Melega, 
(2000), damage caused by drug use in dopaminergic 
system needs 12 to 17 months for recovery, and the 
time for serotonergic system is 6 months. A steady 
state concentration of norepinephrine in the brain 
of the rat race- Sprague after 8 weeks of interval 
training program was found by Brown and Van 
Huss (1973). The expanded findings were explored 
by checking norepinephrine and serotonin in 
three regions of the brain (cortex, cerebellum, and 
remainder of the brain cerebral) of sedentary female 
rats (Brown et al., 1979). Both norepinephrine and 
serotonin levels in many brain regions of trained 
rats were significantly higher. As Spirduso and 
Farrar (1981) showed, endurance activity in aging 
rats was weakened, and movement imitation was 
reduced. As it was shown, movement imitation 
was connected with the work of nigrostriatal 
dopamine, and it seems reasonable to suggest that 
regular physical exercise may directly or indirectly 
cause changes in the nigrostriatal dopamine. Many 
neurotransmitters such as dopamine, glutamate, 
acetylcholine, serotonin, GABA (gamma amino 
butyric acid) and endogenous opioids (Floresco, 
Blaha, Yang, & Phillips, 2001) play a role in the 
development of drug dependency and addiction. 
Methamphetamine consumption can create a 
variety of cardiovascular problems including 
increased heart rate, arrhythmia, hypertension 
and myocardial infarction (Varner et al., 2002). 
Addiction treatment was in terms of psychological 
aspects in the past, but later treatments were 
replaced by medical therapies (Wendt, 2002). Due 
to the limited studies on the effects of exercise on 
treatment and addiction, researchers conducted 
the current study. Treatment process along with 
conventional drug therapy, strengthening exercise 
on serotonin, dopamine levels as factors affected 
by addiction and, most importantly, the ambiguity 
in research on common sports activities to promote 
and protect health encouraged the researchers to 
investigate serotonin, dopamine and cardiovascular 
responses to aerobic and resistance exercise in men 
addicted to methamphetamine during rehabilitation.

METHODS

Participants. This study was a quasi-
experimental study conducted on men addicted 
to methamphetamine at “Tarannom Ehyaye 
No” Institute in the city of Rasht. The subjects’ 
inclusion criteria to this study were a lack of 

musculoskeletal lesions, no record of mental, 
cardiovascular, thyroid, gastrointestinal, diabetes, 
AIDS and hepatitis illnesses, no consumption of 
drugs and cigarettes, or a lack of physical activity 
in the past month. At the institute of addiction, 
people were under medical supervision, and they 
were selected according to the blood samples 
analysed and laboratory results checked by 
physicians. Ten addicted men with an average age 
of 31.2 ± 6.2 years, height 1.73 ± 0.56 m, weight 
73.66 ± 12.5 kg, BMI 24.34 ± 3.03 kg/m2 and 
VO2max 30.77 ± 2.53 ml/kg/min were chosen 
purposefully. After administering a consent 
form and a questionnaire for stress management, 
participants took part in aerobic and resistance 
exercise program. In order to precisely control 
the daily diet of the subjects, the diet record form 
was used. Nutritional assessment was based on 
24 hour recall questionnaire. Questionnaires were 
evaluated based on 3 days a week. It was found that 
in addition to the same diet, average daily calorie 
uptake including carbohydrate, fat and protein was 
not significantly different. Throughout the day, 
participants had the same type of meals. Validated 
food frequency questionnaire for nutrients and food 
groups was used in the same way as in previous 
studies. Participants also were recommended not 
to engage in any strenuous physical activity for 48 
hours before the test and to avoid taking too much 
salt. In the first session the subjects were acquainted 
with the environment and the way to run the test. 
The variables measured at the second session 
were physical characteristics such as age, weight, 
height, body mass index, waist to hip ratio, body 
fat percentage and physiological variables such as 
muscular strength and endurance. In the third and 
fourth sessions, aiming to ensure the effectiveness 
of the type, duration and intensity of exercise and 
cardiorespiratory endurance test, the pilot studies 
were conducted. In the fifth and sixth sessions with 
an interval of 7 days between them, aerobic and 
resistance exercises were carried out. Similarly, 
before and immediately after the implementation 
of the exercise program, (aerobic and resistance) 
variables such as serotonin, dopamine, heart rate, 
blood pressure (systolic, diastolic) and myocardial 
oxygen were measured. Intervals of 15, 30, 45 
and 60 minutes after the exercises were measured 
and recorded. The procedures were approved by 
the Institutional Ethics Review Committee of the 
University.
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Procedure. The height of the subjects was 
measured using a stadiometer (made in Iran with 
an accuracy of one millimetre) and weight was 
measured using digital scales (Model Seca, South 
Korea, with a sensitivity of 0.1 kg). After measuring 
the height and weight of the subjects the Body 
Mass Index (BMI) was calculated by dividing 
weight (kg) by the square of height (m2). In order to 
determine the amount of body fat, subcutaneous fat 
in the areas of the chest, abdomen and thigh on the 
right side of the body was measured with callipers 
YAGAMI (model Eiyoken type, Japan), and it was 
calculated using Jackson and Pollock equation 
which is especially developed for men (Lohman et 
al., 1991). 

Cardiorespiratory endurance test was conducted 
during one mile walking using a chronometer 
and pulse meter (Polar model, Finland). Subjects 
walked the distance at their desired speed. By 
measuring the time and their heart rate at the end 
of the determined distance, the maximum oxygen 
consumption was estimated (George et al., 1993) 
using the following formula:

VO2max = 100.5 + (8.344 × sex) – (0.1636 × 
Kg) – (1.438 × time) – (0.1928 × HR) 
Notes. Gender: Male 0, Female 1; Weight = Kg; 
time = time for jogging a mile; HR = heart rate.
Blood pressure measurement was done using 

mercury sphygmomanometer and stethoscope 
(model ALPK2, Japan). In order to measure the 
subjects’ heart rate Beurer Stethoscope (model 
PM80, Germany) was used. Following the 
measurement of resting systolic blood pressure, the 
heart rate   of subjects, and the amount of myocardial 
oxygen expenditure was estimated using the 
following formula (Kenney et al., 2015): 

Myocardial oxygen expenditure = 100  /  
(HR × SBP) 
In addition, the mean arterial pressure was 

calculated using the following formula:
Mean arterial pressure = Diastolic pressure + 

1.3 pulse pressure. To measure upper body 
muscular endurance, Swedish push-up was used 
and the number of correct moves in one minute 
was recorded. To determine the strength of the 
participants (in the movements) Brzycki formula 
was used (Brzycki, 1993):

weight (kg)

1.0278–0.0278×number of repetitions
1RM =

Exercise protocols. Aerobic exercise protocol 
consisted of three phases: warm up, the main 

part and the cool down for 45 minutes. Warm up 
involved jogging, stretching and flexibility in the 
upper and lower limbs for 10 minutes. During 
the main exercise, individuals ran two turns in 15 
minutes with an intensity of 75-70% of maximum 
heart rate, resting at intervals of 3 to 4 in minutes 
between the stages. Finally, cooling down with 
stretching and flexibility exercises and relaxation 
was carried out for 5 minutes. Moreover, the 
maximum heart rate was calculated using the 
following formula (Tanaka et al., 2001):

Maximum heart rate = 208 – (0.7 × age of the 
subject) 
Resistance exercise protocol within one week 

of aerobic protocol implementation consisted of 
three phases: warm up, the main part, and the 
cool down (about 45 minutes) in which warming-
up and cooling-down phases of the exercises were 
similar to aerobic exercise phases. In the main part, 
individuals generally performed four exercises 
(bench press, leg extension, leg flexion, rowing). 
Two sets per exercise included 10 repetitions and 
rest intervals of 2–3 minutes. At the end, cooling 
activities like aerobic exercise were performed for 
5 minutes.

Blood sampling. To determine the blood levels 
of serotonin and dopamine before and after aerobic 
and resistance exercise (with one week break 
between the protocols), blood was withdrawn. 
Following a 12 hours of fasting at night, 5 ml 
blood was taken from brachial vein of the subjects 
in the sitting position at 10 am in the presence of 
a specialist. The blood sampling was repeated 
immediately after the exercises and it was placed 
into dry sterile tubes and sent to the laboratory. The 
blood was centrifuged at 3000 RPM for 15 minutes. 
At this point to measure the variables, serum was 
separated from plasma and was frozen in – 70°C 
temperature. In order to determine serotonin and 
dopamine of plasma, ELISA and kit LDN method 
(Germany), the coefficient of variation of dopamine 
intra assay 22.5 and inter assay 14.2; serotonin intra 
assay 9.7 and inter assay 10.4 and Device STAT 
FAX (Made in USA) were used.

Statistical analysis. Normality of the data was 
checked using the Kolmogorov-Smirnov normality 
test. A 2 x 6 factorial analysis of variance was 
conducted with repeated measures (Aerobic and 
Resistance protocols x blood pressure; and heart 
rate measurements before and immediately after 
exercise and at T15, T30, T45, and T60). Post-
hoc multiple comparisons with correction of the 



NEUROTRANSMITTERS AND CARDIOVASCULAR RESPONSES TO AEROBIC AND RESISTANCE EXERCISE IN MEN ADDICTED TO METHAMPHETAMINE 5

confidence interval were made using Bonferroni 
method. A 2 x 2 factorial analysis of Independent 
and Paired Sample t Test measures (Aerobic and 
Resistance protocols x blood levels of serotonin 
and dopamine measurements at before and after 
exercise programs) were performed. For data 
analysis, SPSS version 20 was used and significance 
level was set at p < .05.

RESULTS

Characteristics of subjects are shown in Table 1.

Table 1. The mean and standard deviation of the primary 
characteristics of subjects

Mean ± SDCharacteristics

32.22 ± 6.2Age (years)

73.6 ± 12.5Weight (kg)

173 ± 5.6Height (cm)

24.3 ± 3.06BMI (kg/m2)

25.01 ± 4.7Body fat (%)

0.91 ± 0.04Waist-to-hip ratio (WHR)

30.77 ± 2.53VO2max (ml/kg/min)

21.8 ± 4.3Muscular endurance ()

34 ± 6.71RM bench press (kg)

Note. SD – standard deviation; BMI – Body Mass Index; VO2max – 

Maximal Oxygen Consumption, 1RM – One Repetition Maximum.

Serotonin and dopamine Table 2 shows 
the values of dopamine and serotonin before 
and after exercise. A significant increase in the 
levels of dopamine and serotonin was observed 
in both aerobic and resistance exercises (p < .05). 
The mean difference between the dopamine and 
serotonin before and after aerobic and resistance 
exercise was not significantly different (p < .05). 
Effect of both exercises on blood levels of serotonin 
and dopamine was the same. Considering these two 
mediators, none of the above mentioned exercises 
had much advantage over another.

Figure 1 demonstrates systolic and diastolic 
blood pressure and mean arterial pressure in time 
intervals before the exercise and immediately, 15, 
30, 45 and 60 minutes after exercise. In aerobic 
exercise, systolic blood pressure after exercise 
and during 30 to 60 minutes of exercise had a 
significant difference compared to resting time  
(p < .05). On the contrary, systolic blood pressure 
did not demonstrate a significant difference 15 
minutes after exercise (p > .05). Additionally, 
in resistance exercise there was a significant 
difference in systolic blood pressure immediately, 
45 and 60 minutes after exercise to resting time 
(p < .05). However, in this type of exercise, 15 
minutes after exercise there was no significant 
difference (p > .05). According to Figure 1, there 
was no significant difference between the effects 
of aerobic and resistance exercises on systolic 
pressure in different time phases (p > .05).

Figure 1 shows immediate significant change in 
diastolic blood pressure in phases and 60 minutes 
after aerobic exercise compared to the resting time 
(p < .05). In contrast, 15 to 45 minutes after aerobic 
exercise, there was no significant difference in 
diastolic pressure (p > .05). Furthermore, in 
resistance exercise, changes in diastolic pressure 
immediately after the exercise were significant  
(p < .05), nevertheless at time intervals of 15 to 60 
minutes after the exercise, there was no significant 
change observed compared to the resting time. 
Also, between aerobic and resistance exercises, 
there was no significant change observed in 
diastolic pressure after exercise (p > .05). Mean 
arterial pressure showed significant changes 
during aerobic exercises and immediately after 
exercise. This occurred at 45 and 60 minutes, and 
during resistance exercise immediately and 60 
minutes after exercise (p < .05). And vice versa, 
at 15, 30 and 45 time intervals after exercise there 
was no significant change observed. Also, changes 
were not significant (p > .05) in the mean arterial 
pressure of the groups. 

pAfterBeforeExerciseVariable

.147
86 ± 2.378.8 ± 5.5aerobic

Dopamine 
(pmg/ml)

92.11 ± 2.883.88 ± 7.7resistance

.741
384.11 ± 8063.5 ± 17.5aerobic

Serotonin  
(ng/ml)

449 ± 4286 ± 16resistance

Table 2. Comparing the mean dif-
ference between the dopamine and 
serotonin before and after aerobic 
and resistance exercise

Note. *– indicates a significant 
difference between the aerobic 
and resistance exercises at level of  
p ˂ .05.
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Figure 1. Changes in systolic blood pressure (A), diastolic (B) and mean arterial pressure (C) at intervals before, immediately, 15, 30, 45 
and 60 min after aerobic and resistance exercise

Notes. # – Significantly different in comparison with pre- resistance exercise. * – Significantly different in comparison with pre- aerobic exercise.

Figure 2. Changes in heart rate (D), and myocardial oxygen cost (E), at intervals before, immediately, 15, 30, 45 and 60 min after aerobic 
and resistance exercise

Notes. # – Significantly different in comparison with pre- resistance exercise.  * – Significantly different in comparison with pre- aerobic exercise.
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Heart rate. Figure 2 shows that changes in 
heart rate immediately after exercise to resting 
time in aerobic session were significant (p < .05), in 
addition, 15 to 60 minutes after exercise there was 
no significant change (p > .05). Heart rate changes 
in resistance exercise immediately and 15 minutes 
after exercise were significant, nevertheless at 30, 
45 and 60 minutes after exercise, these changes 
were not significant (p > .05). Changes in the heart 
rate were not significant in aerobic and resistance 
exercise (p > .05).

Myocardial oxygen expenditure. According 
to Figure 2, changes in myocardial oxygen 
expenditure at time intervals immediately and 60 
minutes after exercise were significant in aerobic 
exercise (p < .05). Changes in myocardial oxygen 
expenditure at time intervals immediately, 15 
and 60 minutes after exercise were significant in 
resistance exercise (p < .05); nonetheless at other 
times there was no significant change (p > .05). 
Changes in the expenditure of oxygen consumption 
were not significant in aerobic and resistance 
exercise (p > .05).

DISCUSSION

The purpose of this study was to examine 
serotonin, dopamine and cardiovascular responses 
to aerobic and resistance exercise of men addicted to 
methamphetamine during rehabilitation. The 
findings suggest that aerobic and resistance exercise 
can cause a significant increase in blood levels of 
dopamine and serotonin with positive changes in the 
cardiovascular behaviour. In this regard, Mota et al. 
(2009) showed that eight weeks of aerobic and 
resistance exercise improved health and physical 
performance in men addicted to methamphetamine. 
Researchers stated that physical activity improved 
excitement, discomfort and symptoms related to 
methamphetamine through the effects of the 
endogenous opioid system and strengthening of the 
dopaminergic transmission. In addition, it was 
shown that exercise affected imaging techniques of 
the nervous system by effecting available receptors 
of D2/D3 in methamphetamine consumers who 
were in the process of quitting. The results of 
Goekint et al. (2012) showed that aerobic exercise 
increased the dopamine levels. Also Alberghina, 
Giannetto, & Piccione, (2010) and Langfort et al. 
(2006) suggested in their research that aerobic 
exercise could have a positive effect on serotonin 
level. Exercise resulted in the release of certain 
nerve messengers in the brain that diminish physical 

and mental pain. Most research conducted in this 
area focused on running, however, all aerobic 
exercises had such benefits. It has been found that 
the effects on the brain are applied through several 
mechanisms, including neuro-genesis, increasing 
patients’ mood and the release of endorphins. 
Evidence suggests that exercise can change the 
release of many neurotransmitters such as dopamine, 
glutamate, acetylcholine, serotonin and endogenous 
opiate in the brain (Joanna et al., 2011). Fontes-
Ribeiro et al. (2011) pointed out that regular exercise 
had an overlap with drug abuse, therefore, the effect 
of exercise on the dopaminergic system, and 
dopamine changes was observed. The use of 
amphetamines causes lasting changes in brain 
reward system, accumbency area, and other areas in 
the brain. In addition, there is a relationship between 
dopamine and all behavioural aspects like physical 
activity. It has been proven that exercise increases 
the release of dopamine synthesis, neuroplasma 
stimulation, promoting health level and sense of 
well-being (Dey, Singh, & Dey, 1992). O’dell Galvez, 
Ball, and Marshall (2012) examined the effects of 
exercise in improving the damage of dopaminergic 
and serotonergic terminals in mice addicted to 
methamphetamine. It was stated in their report that 
repeating the moderate dose of methamphetamine 
decreased the dopaminergic and serotonergic 
terminals as well as their receivers and enzymes. It 
was suggested that due to increased dopamine and 
serotonin voluntary exercise could be used in 
improving the damage resulting from drug abuse as 
a non-drug therapy (O’dell et al., 2012). Unlike the 
results of the present study, Dwyer and Flynn (2002) 
found that short term aerobic exercise in young men 
would not change the central sensitivity of serotonin 
receptors. In this study, the subjects had a 30 minutes 
bike riding with 70% of their maximum aerobic 
capacity for 3 times. The results showed that no 
significant changes were found in the regional 
sensitivity of serotonin receptors. It seems that in 
this research, exercise movements were not enough 
to make changes. Also, the findings of Wang et al. 
(2000) showed that 30 minutes of intense exercise 
on a treadmill had no effect on the dopamine rate of 
men and women. It seems that the reason for this 
lack of effect is the training of the subjects. The rate 
of dopamine increase in trained subjects was lower. 
The results indicate that aerobic and resistance 
exercise lowered systolic and diastolic blood 
pressure, heart rate, mean arterial pressure and 
myocardial oxygen cost in men addicted to 
methamphetamine. Despite some inconsistencies in 
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the results of studies in blood pressure responses 
after exercise, most studies have shown that blood 
pressure is reduced after one session of resistance or 
acute resistance exercise to resting values   before 
activity so that systolic blood pressure falls between 
10 and 20 mmHg per minutes and after about 2 to 3 
minutes returns to amounts before activity. However, 
it takes about 10 minutes for the regulation of normal 
blood pressure by homeostasis systems (Mohebbi, 
Rahmani-Nia, Vatani, & Faraji, 2010). Also, the 
study of Mota et al. (2009) showed that resistance 
and endurance activities reduce blood pressure, 
which is in consistent with the findings of the study. 
The subjects participated in two separate sessions of 
20 minutes running on the treadmill at intensity rate 
of 70 to 80 percent of heart rate reserve and 20 
minutes of circular resistance exercise with 40% of 
one repetition maximum. The results showed a 
decrease in systolic blood pressure after each activity 
(this reduction lasted longer after resistance 
exercise). Moreover, diastolic blood pressure 
reduction was observed only after resistance exercise 
and 30 minutes. The expenditure of myocardial 
oxygen after resistance exercise was higher than that 
of endurance activity due to more cardiovascular 
pressure compared to resistance exercise (Mota et 
al., 2009). The results of Dolezal et al. (2014) showed 
that physical activity improved the heart rate in 
those taking methamphetamine, which is in line 
with the results of this study. The researchers also 
suggest that physical activity may improve 
symptoms of cardiovascular disease and the effects 
of stress and help people manage stress in their life 
(Zweben et al., 2004). As one of the effects of 
endurance and resistance exercises, we can name 
cardiovascular responses which affect heart rate and 
heart rate variability (HRV). Studies have shown 
that exercise causes sinusoidal bradycardia in resting 
conditions in methamphetamine consumer groups 
and reduces the heart rate at submaximal oxygen 
consumption (Dolezal et al., 2014). Methamphetamine 
impact on catecholamines in the peripheral nervous 
system (such as noradrenaline and dopamine), also 
through its primary mechanism (heart rate and 
blood pressure) affects cardiovascular system (Karch 
& Drummer, 2001). Contrary to the findings of this 
study, the results of Jones, George, Edwards, and 
Atkinson (2007) showed that endurance exercise 
with 40 and 70 percent of maximal oxygen uptake 
has no significant effect on the hypotension. Also, 
Williams et al. (2007) showed that systolic, diastolic 
and mean blood pressure, heart rate, cardiac output, 
oxygen consumption and myocardial oxygen cost 

are increased in response to resistance exercise. 
Studies have shown that at the beginning of 
resistance exercise, increase in stimulation of the 
sympathetic and parasympathetic activity and a 
decrease in plasma catecholamines transpire 
(Kenney et al., 2015). The increase in sympathetic 
activity can partially be related to the static resistance 
exercise and Valsalva manoeuvre conduction 
(Williams et al., 2007). During the created Valsalva 
manoeuvre, the rapid rise of pressure inside the 
aorta leads to a direct and immediate effect on 
arterial network which results in an increase in both 
systolic and diastolic blood pressure. Studies show 
that if the Valsalva manoeuvre is continued, the 
systolic and diastolic pressures reduce within 
seconds, which is due to the reduction in diastolic 
filling of the heart and its reason in turn is due to 
disorder in venous return (Mayo & Kravitz, 1999). 
What seems evident in the effects of aerobic and 
resistance exercise in blood pressure, heart rate and 
myocardial oxygen cost, is that 15 to 60 minutes 
after aerobic and resistance exercise a significant 
reduction in the factors of cardiovascular occurs. 
Therefore, we can say that the continuation of such 
exercises in form of regular exercises will create 
good health and benefits in consecutive periods in 
line with cardiovascular health promotion of patients 
during rehabilitation. But, there were limitations 
uncontrolled by researchers such as: a) effectiveness 
of individual differences and genetic factors on the 
result of the study was not controlled, b) managing 
the level of motivation to apply maximum effort in 
the implementation of the tests was not possible, c) 
level of stress and psychological conditions in the 
subjects during the test and measurements was 
rampant. 

CONCLUSION

According to the results of the study it could be 
concluded that aerobic and resistance exercise can 
affect blood levels of serotonin and dopamine in 
men with addiction, also it can reduce the harmful 
effects of methamphetamine on cardiovascular 
behaviour and be beneficial as a non-drug treatment. 
Thus, both aerobic and resistance exercises can be 
a valuable aid in the treatment of addiction and 
improvement of the addicted men’s situation. 
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