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Abstract

Study aim: It is generally accepted that methamphetamine (MA) is a highly addictive psychostimulant which copies functions
of certain neurotransmitters in the brain, and emits dopamine and serotonin in the brain. Frequent abuse of methamphetamine
damages dopaminergic and serotonergic nerve endings at different sites of brain and also increases the anxiety and depression.
Exercise seems to reverse physiological and neurological damages due to previous MA dependents and help to reduce anxi-
ety and depression in this population. The aim is to determine the effect of exercise training on neurotransmitters and rate of
depression and anxiety in chronic methamphetamine abusers based on a literature review.

Materials and methods: The present study investigated published articles in five computerized databases including Magiran,
Google scholars, SID, PubMed and Scopus from 2011 until 2020. The searched keywords included sports, neurotransmitter,
methamphetamine, depression, anxiety and treatment. The obtained results were described using texts, table and figure.
Results: According to the results, physical activity and exercise significantly increased blood serotonin and dopamine levels
and significantly decreased the depression and anxiety.

Conclusion: Different evidences suggested that physical activity and exercise as positive responses and adaptations might in-
fluence on circulatory levels of two neurotransmitters (serotonin and dopamine) in methamphetamine addicts, decrease anxiety
and depression, and improve preparation in previous MA dependents. In the rehabilitation period, the overall improvement in
previous MA dependents might significantly increase. Exercise training can improve the physical and mental state of people
addicted to methamphetamine as a non-drug therapy to promote health. However, more research is necessary to support this
conclusion.
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Methamphetamine with a complete name, methyl amphet-
amine, is a powerful central nervous system stimulus that
copies functions of certain brain neurotransmitters. Meth-

Introduction

Worldwide, between 14.3 and 52.5 million adults en-
gage in nonmedical use of methamphetamine (MA) and
other amphetamine-type stimulants (ATS), second in
number only to marijuana users and more than the num-
bers of heroin and cocaine users combined [35]. Unfor-
tunately, the Methamphetamine use has dramatically in-
creased in many countries in recent years [19].

Methamphetamine causes hormonal and structur-
al brain changes that can lead to risky behavior [42].

amphetamine releases dopamine, serotonin and increases
levels of glutamate in the brain. Methamphetamine abuse
can cause impairment of cognitive functions and damage
the nervous system.

Methamphetamine bonds with dopamine, norepine-
phrine and serotonin neurotransmitters in nerve cells of
brain and stimulates the fight-or-flight response through
excessive sympathetic nervous system stimulation [4, 9].
Using MA in the short-term MA therefore improves
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productivity, attention-span and energy levels, and may
even reduce anxiety [44]. In contrast, however, chronic
use depletes dopamine stores in the brain and damages
the ability of dopamine and serotonin to bind to their ter-
minals [4].

Depression is a state that greatly affects the quality of
personal mood and changes perception of surroundings
[12]. It is a state, under which the human is distressed,
bored and dull in the long term [25].

Anxiety is a feeling of concern and tension that is
provided by a person in response to threatening or stress-
ful situations. Anxiety can be mild or severe to frighten
a person. The anxiety is naturally temporary, but if it
lasts a long time or continues in the absence of psycho-
logical stress or threat, then it should be considered as
a problem [25].

Most studies indicate that addicts experience high
levels of anxiety, stress and depression and low levels of
negative mood regulation [33]. Statham et al. [56] argued
that the depression was highly correlated with alcohol-
ism. Prusakowski et al. [43] found that depressed moth-
ers had higher levels of addiction. Compared with the
general population, depression symptoms are common in
people with drug abuse or dependence. About one third
to half of those who have drug abuse or dependence has
been diagnosed with major depressive disorder in their
life [49].

Pharmacological studies indicate that dopamine and
serotonin neurotransmitters and the pathology of anxiety
and depression have close relationships, so that the in-
creased release of these neurotransmitters from nerve end-
ings increases anxiety and depression responses in a abus-
ers [46]. The regulation of serotonin in the central nervous
system is largely influenced by the re-absorption serotonin
pump that plays a major role in treating behavioral dis-
orders such as depression [6]. Reducing serotonin in the
brain, causes depression, and in more severe cases leads to
Alzheimer’s disease [50, 51].

Contrary to previous beliefs, under which physi-
ological and neurological damages by drug were perma-
nent, empirical evidence has indicated that the damage
by substance abuse may actually change through exer-
cise [39,53]. Aerobic training has been reported to have
positive physiological effects on the brain and levels of
dopamine and serotonin in patients, who use MA [39, 53]
by decreasing pro-inflammatory biomarkers in the circula-
tory system [28, 39, 54]. Furthermore, it is suggested that
the exercise reduces stress, and then anxiety and depres-
sion by activating activities of adrenal glands [28]. The
present study aimed to determine the effect of exercise
training on neurotransmitters and rate of depression and
anxiety in chronic methamphetamine abusers based on
a literature review.

Materials and methods

The present study was conducted by searching the texts
in Persian and English computerized databases including
Magiran, Google scholars, SID, PubMed and Scopus us-
ing the keywords of exercise, neurotransmitter, metham-
phetamine, depression, anxiety and treatment between the
years 2011 to 2020. Titles which were obviously not rel-
evant were disregarded, and titles which seemed vaguely
relevant were selected. Duplicate titles were eliminated
across database search results.

Exclusion criteria were studies in both human and ani-
mal domains in the absence of examining the effectiveness
of exercise on the neurotransmitters and the incidence rate
of depression and anxiety among the chronic MA abus-
ers. The findings were reported through a full-text review
of human and animal research conducted on the effects
of various training and physical activities on the neuro-
transmitters including serotonin and dopamine and the in-
cidence rate of depression and anxiety among the chronic
MA abusers.

Results

According to full survey in prestigious journals, human
and animal studies on the effects of exercise training on
neurotransmitters and the incidence rate of depression and
anxiety among the chronic MA abusers were conducted by
researchers between the years 2011 to 2020.

All studies that did not focus on the effectiveness of
exercise training on neurotransmitters and the incidence
rate of depression and anxiety in chronic MA abusers
were excluded from the study. Based on the findings ob-
tained from a review of studies on the effect of training
on neurotransmitters and the incidence rate of depression
and anxiety in chronic MA abusers in humans and ani-
mals addicted to MA, the physical activities and exercise
lead to a significant increase in circulatory serotonin and
dopamine levels and significantly reduce the incidence
rate of depression and anxiety (Table 1).

Discussion

Changing the pattern of drug abuse from traditional
substances to industrial and chemical drugs and the abuse
of stimulants and psychedelics are nowadays serious con-
cerns. Industrial opioids are a combination of traditional
drugs with chemicals, such as MA [3]. This stimulant and
psychedelic drug affects all systems of the body, especially
the central nervous system, and is classified as a neurotoxic
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Table 1. Summary of human and animal studies on the effects of exercise training on neurotransmitters and rate of depression
and anxiety in chronic methamphetamine abusers

Authors Title of study Subjects Type of exercise or training Results
(years)
1. Rawson The impact 135 MA- The exercise intervention consisted of ~Analyses indicate a significant
etal., 2015 of exercise on dependent adults  a progressive aerobic and resistance  effect of exercise on reducing
depression and exercise training program that was depression and anxiety symp-
anxiety symptoms conducted with participants three toms over the 8-week period
among abstinent days a week during the 8-week trial compared to a health education
methamphetamine- (totaling 24 sessions). Exercise control group. A significant dose
dependent individuals sessions were about 55 minutes interaction effect between session
in a residential in length, structured as follows: attendance and exercise was found
treatment setting S-minute warm-up, 30 minutes of as well on reducing depression
aerobic activity on a treadmill, 15 and anxiety over time compared to
minutes of weight training for the the control group. Results support
major muscle groups (arms, chest, the role of a structured exercise
back, and legs) and a S-minute program as an effective interven-
cool-down with stretching. Specific tion for improving symptoms of
exercise maneuvers engaged in during depression and anxiety associated
the weight training included chest with MA abstinence
press, front pull down, leg press,
reverse lunges, calf raises, lateral
raises, bicep curls, and triceps press.
Each session was individual-based,
guided and monitored by a study
staff exercise physiologist. Using
heart rate monitors, the exercise
physiologist worked closely with
each individual participant on training
days to increase treadmill speed/
slope to maintain a heart rate between
60% and 80% of maximum for 30
minutes. Once a participant was able
to complete two sets of 15 repetitions
of any given exercise, weight was
incrementally increased.
2. Haglund Predictors of 135 MA- 8-week progressive aerobic and Results showed that at the 8-week
etal., 2015 Depression Outcomes ~ dependent adults  resistance exercise training program  trial endpoint, participants ran-
Among Abstinent domized to the exercise interven-
Methamphetamine- tion showed significantly greater
Dependent reduction in depression symptom
Individuals Exposed scores than participants random-
to an Exercise ized to the health education group,
Intervention and that participants who attended

the greatest number of exercise
sessions derived the greatest
benefit and exercise in moderate
dose is effective at treating depres-
sive symptoms in individuals in
early recovery from addiction, and
furthermore, that treatment with
exercise appears to be particularly
beneficial to individuals who suf-
fer from severe medical, psychiat-
ric, and addictive disorders
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Table 1. cont.
?;ézfsr)s Title of study Subjects Type of exercise or training Results
3.Zhuetal., Beneficial effects Sixty male Sixty male participants were The study showed that the relax-
2016 of Tai Chi for subjects with allocated to the Tai Chi (n =30) or ation in relation to Tai Chi reduced
amphetamine-type stimulant standard care groups (n = 30) by anxiety and helped people become
stimulant dependence: dependence administrative staff. They participated more self-aware and internally
a pilot study in exercise sessions five times a week  focused and Tai Chi is a promising
for 12 consecutive weeks. exercise that improves quality of
life for individuals with stimulant
dependence
4. Damghani  Swimming Male Wistar rats ~ swimming sessions (45 min/day, five  The results showed that regu-
etal., 2016 exercise attenuates days per week, for 14 days) lar swimming exercise reduced
psychological voluntary METH consumption
dependence in animal models of craving by
and voluntary reducing anxiety, and depression
methamphetamine in the METH-withdrawn rats.
consumption in Thus, physical training may be
methamphetamine ameliorating some of the with-
withdrawn rats drawal behavioral consequences
of METH
5.Araziand  The effect of eight 20 men 8 weeks, 3 days a week (each session  The results of study indicated that
Dadvand, week aerobic addicted to for 45 min, included 10 min of the aerobic training significantly
2017 training on plasma methamphetamine ~ warm up, running as two times of increased serotonin levels in the

levels of serotonin
and depression in
addicted men to
methamphetamine
during rehabilitation

15 minutes with an intensity of 70-
75% of maximum heart rate, resting
intervals of 3 to 4 min between them
and 5 min cool down)

experimental group compared to
control group. The researchers
concluded that aerobic training
can impact on blood levels of
serotonin in addicted men to
methamphetamine and increase
plasma serotonin concentration
and cause remarkable reduction in
depression

substance [60]. This amphetamine derivative has attracted
the attention of most people, especially young people, in
recent years due to its stimulatory properties, hallucina-
tions, pleasures and euphoria [20].

The MA abuse as an illness affecting both the brain
and the behavior in humans and animals impairs neuro-
transmitters in the nervous systems, importantly including
dopaminergic and serotonergic mechanisms. According
to evidence, the main role of MA is to elevate the extra-
cellular level of monoamine neurotransmitters in synap-
tic clefts [32]. Although the precise MA mechanism for
increasing the concentration of these neurotransmitters
is still unclear, this substance seems to accelerate the re-
lease of serotonin and dopamine from the presynaptic
terminals, as well as prevent the reuptake of these neuro-
transmitters and their accumulation in the synapse clefts.
This substance has been shown to inhibit the monoamine
oxidase enzyme responsible for the destruction of secreted
neurotransmitters, whose inhibition results in the survival

of neurotransmitters [26, 58]. Consequently, the synaptic
concentration of monoamine neurotransmitters increases
in the brain, resulting in brain stimulation, increased mood,
invasive and uncontrollable state, and increased physical
activity in abuser [27].

Pharmacological studies indicated a close relationship
between both dopamine and serotonin neurotransmitters
and the pathology of anxiety and depression, so that the
increased release of these neurotransmitters from nerve
terminals exacerbates anxiety and depression responses in
the abuser [46].

Acute MA abuse disturbs various neurotransmitter sys-
tems, especially dopamine in the brain, mainly due to in-
creased release of these neurotransmitters from dopamin-
ergic nerve terminals [7]. The MA through various
mechanisms causes damage to dopaminergic terminals in
different regions of the brain. This drug due to its similar
structure with dopamine is introduced into the terminals of
dopaminergic neurons by binding to dopamine transporter
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(DAT) and penetrated into the vesicles via molecular vec-
tors. Finally, the intravesicular pH imbalance causes the
release of dopamine into the cellular cytosol. This stimu-
lant through inhibiting monoamine oxidase provides more
dopamine.

Based on previous findings, another mechanism in-
volved in the intracellular accumulation of dopamine
can be attributed to a decrease in the level of the ve-
sicular monoamine transporter 2 (VMAT?2). In addition,
reports show that increased activity of the Tyrosine hy-
droxylase (the rate-limiting enzyme for dopamine bio-
synthesis) plays a major role in increasing the intracel-
lular dopamine concentration. The function of DAT (as
a marker for dopamine terminals) has also been proven
in this regard. In fact, these transporters are the key re-
sponsible for the removal of dopamine and maintaining
its extracellular concentration in amounts less than the
intrinsic toxicity of the central nervous system. The MA
through reducing DAT activity can reverse the dopamine
flow, direct this neurotransmitter towards the synaptic
cleft, and prolong the effect of dopamine on its post-syn-
aptic receptors [38, 41].

The MA effects on the serotonergic neurotransmit-
ter system occur through mechanisms similar to those
of dopamine. Substance abuse and drug dependence are
a major concern in the current world. Psychiatric and
drug-induced disorders affecting the brain are interrelated.
The most commonly diagnosed psychiatric symptoms as-
sociated with substance abuse are antisocial personality
disorder, phobia, and other anxiety disorders, depression
disorders and psychotic disorders.

One study found that 76% of men and 65% of women
with a diagnosis of substance abuse or dependence also
suffered from a psychiatric problem [24]. One of the ar-
eas of sports psychology is the physical activity of patients
with depression that can relieve symptoms of some mental
disorders such as anxiety and depression [1]. Depression
is one of the most commonly diagnosed psychiatric symp-
toms characterized by depressed mood, sadness, low self-
esteem and reluctance to any kind of daily activity and
enjoyment. Neurotransmitter disorder has been observed
at the synaptic level in depressed patients. In addition to
serotonin, norepinephrine and dopamine have a disorder
in depressed patients [1].

Improvement of drug-induced injuries in the dopamin-
ergic and serotonergic system through exercise by increas-
ing the antioxidants can have therapeutic effect, since drug
use, like amphetamine, leads to an increase in the reaction
of oxygen and nitrogen, and damage to monoaminergic ter-
minals [52]. Long-term sports, on the other hand, increase
the activity of endogenous antioxidant enzymes [59].

Therefore, aerobic exercise may be effective in in-
creasing serotonin and dopamine. Long-term aerobic ex-
ercises increase free plasma tryptophan, which penetrates
into the brain cells and causes the synthesis and distribu-
tion of serotonin in the bloodstream [39]. Another possi-
ble mechanism for increasing serotonin and dopamine is
the neurotrophic growth factor (NGF). The aerobic train-
ing induces a vascular endothelial growth factor (VEGF),
which may help to heal the injuries caused by substance
abuse by stimulating angiogenesis and directly affecting
the NGF, resulting in the repair of damaged monoaminer-
gic terminals [39].

The reasons for the effect of aerobic training on depres-
sion can be attributed to the level of some neurotransmit-
ters such as serotonin, epinephrine, and dopamine in the
brain. This training increases the concentration of these
neurotransmitters due to stimulation of the sympathetic
nervous system [34]. The aerobic training also stimulates
the secretion of endorphins, resulting in feelings of com-
fort, exercise pressure tolerance, excitement and euphoria.
On the other hand, the aerobic training direct the attention
of a person from negative thoughts towards positive and
relaxing ones [47].

Based on recent biological evidence that binds the
opioid system to mood and depression [16, 40, 57], it
seems logical that a relevant hypothesis should be taken
into consideration. In accordance with the “endorphin hy-
pothesis”, the exercise causes increased secretion of en-
dogenous opioid peptides in the brain, reduced pain and
general euphoria (Figure 1) [8, 13, 17], in turn reducing
anxiety and depression [8, 17].

According to various studies, the exercise at least acti-
vates some of the same systems that are activated by mor-
phine and other opioids, releasing endogenous opioid pep-
tides, especially beta-endorphins, and raising the threshold
of pain [31]. Another study has shown that the exercise
training can reduce dependency symptoms in addicted
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animals by releasing endogenous opioids through a pos-
sible mechanism of downregulated opioid receptor sensi-
tivity [48].

In addition, it has been reported that exercise, in ad-
dition to the release of endogenous opioid peptides, es-
pecially beta-endorphins, has been implicated by various
mechanisms, including neurogenesis, boredom, and mood
moderation, in pain relief [55]. Depression and anxiety in
MA abusers are the result of the drug’s effect on neuropa-
thies; in particular, reducing the binding of dopamine and
serotonin makes it impossible to enjoy normally [44]. In
addition, MA abuse increases the level of inflammatory
markers while reducing blood circulation [44].

On the other hand, the exercise has been proposed to
normalize serotonin-dopamine reactions [4], improve
circulation and reduce the level of inflammatory biomar-
kers in the circulatory system [53]. The aerobic training
also releases BDNF [21]. The BDNF, a neurotrophin, is
responsible for neurogenesis, and reduces the levels of
cortisol in the long term [15, 21]. These changes reduce
the level of stress, and subsequently alleviating depression
and anxiety [21].

It has been observed that physical activity stimulates
BDNF by increasing the mobility-induced neurotransmis-
sion. However, physical activity has a more general ef-
fect on the brain, which modifies not only serotonin and
epinephrine, but also GABA, acetylcholine and dopamine.
This effect can explain the reason for the faster treatment
response and the absence of side effects of physical activ-
ity compared with drug therapy [22]. The exercise can in-
crease the levels of serotonin, norepinephrine and opioids
during physical activity, and can reduce depression [14].

Marefat et al. [30] also investigated the effect of yoga
practice on anxiety and depression of addicts and reported
that physical activity reduced their anxiety and depression
and yoga exercises made significant differences in depres-
sion and state anxiety level of the experimental group in
comparison with the control group, and insignificant dif-
ference in trait anxiety level of the experimental group in
comparison with the control group. Mogharnasi et al. [37]
studied the effects of aerobic exercise training on mental
health in addicted women, and highlighted that the aero-
bic training had an effective role in improving the mental
health of addict women.

Miladi-Gorji et al. [36] conducted a research to de-
termine whether morphine-dependent rats would increase
the expression of anxiogenic-like behaviours in novel
and stressful conditions. The findings showed that Vol-
untary wheel running reduces anxiety-like behaviors in
morphine-dependent and morphine-withdrawn rats. In
addition, Brocardo et al. [5] investigating anxiety — and
depression-like behaviors are accompanied by an increase
in oxidative stress in a rat model of fetal alcohol spec-
trum disorders: protective effects of voluntary physical

exercise and showed that the voluntary wheel running
reduces depression and anxiety in adult rats prenatally ex-
posed to ethanol.

Also, Wang et al. [61] examined the impact of physical
exercise on substance use disorders and concluded that the
moderate and high-intensity aerobic exercises, designed
according to the guidelines of American College of Sports
Medicine (ACSM), and the mind-body exercises can be
an effective and persistent treatment for those with sub-
stance use disorders (SUD). Physical exercise can be an
effective adjunct treatment method for abstinence from
alcohol, nicotine, and illicit drugs in abusers. Physical
exercise not only increases the abstinence rate in subjects
with SUD, but also eases withdrawal symptoms, anxiety,
and depression symptoms. The treatment effects of physi-
cal exercise in these four aspects verify that physical exer-
cise guidance by the ACSM is an effective means for drug
abstinence. Additionally, mind-body exercises (including
Tai Chi Quan, Qigong, and Yoga) have similar treatment
effects as to aerobic exercise.

Rawson et al. [45] investigated the impact of exercise
on depression and anxiety symptoms among abstinent
methamphetamine-dependent individuals in a residential
treatment setting and showed that the exercise training
significantly reduced symptoms of anxiety and depression
in MA non-abusers. Haglund et al. [18] investigating de-
pression outcomes in response to an 8-week exercise in-
tervention among methamphetamine (MA) dependent in-
dividuals in early recovery. Their findings exhibited that at
the 8-week trial endpoint, participants randomized to the
exercise intervention showed significantly greater reduc-
tion in depression symptom scores than participants rand-
omized to the health education group, and that participants
who attended the greatest number of exercise sessions de-
rived the greatest benefit and exercise in moderate dose is
effective at treating depressive symptoms in individuals in
early recovery from addiction, and furthermore, that treat-
ment with exercise appears to be particularly beneficial to
individuals who suffer from severe medical, psychiatric,
and addictive disorders.

Zhu et al. [62] examined the beneficial effects of Tai
Chi for amphetamine-type stimulant dependence. The
study showed that the relaxation in relation to Tai Chi
reduced anxiety and helped people become more self-
aware and internally focused and Tai Chi is a promis-
ing exercise that improves quality of life for individuals
with stimulant dependence. Damghani et al. [11] evalu-
ated the effect of swimming exercise during spontaneous
methamphetamine (METH) withdrawal on the anxiety,
depression and voluntary METH consumption in METH-
dependent rats. Their showed that regular swimming ex-
ercise reduced voluntary METH consumption in animal
models of craving by reducing anxiety, and depression in
the METH-withdrawn rats. Thus, physical training may
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be ameliorating some of the withdrawal behavioral con-
sequences of METH.

In another study, Johari et al. [23] examined the effects
of aerobic exercise on changes in the level of depression
in addicts under methadone treatment was performed. The
results of the study showed that aerobic exercise can re-
duce the level of depression in addicts under methadone
treatment. The effects of eight weeks of aerobic training
on plasma serotonin levels and the severity of depression
in 20 MA abuser men during the rehabilitation period,
was investigated by Arazi and Dadvand [2]. The results
of study indicated that the aerobic training significantly
increased serotonin levels in the experimental group com-
pared to control group. The researchers concluded that
aerobic training can impact on blood levels of serotonin
in addicted men to methamphetamine and increase plasma
serotonin concentration and cause remarkable reduction in
depression.

Dadvand and Daryanoosh [10] investigated the effect
of an aerobic training period on the serum serotonin and
endorphin levels and the severity of depression among 30
addicted women. Their findings exhibited that the aerobic
training can increase the serum serotonin and endorphin
levels in the experimental group compared to the control
group. The results indicated that aerobic training can affect
blood levels of serotonin and endorphin and improve the
depression in addicted women to drug. Another study was
conducted to investigate the effect of tai chi and Qigong
exercise on depression and anxiety of individuals with
substance use disorders. The findings suggest potentially
beneficial effect of Qigong exercise on symptoms of anxi-
ety among individuals with drug abuse Liu et al. [29].

Conclusion

The findings obtained from the animal and human con-
trolled studies have shown that the physical activities and
exercise training can affect the serum levels of serotonin
and dopamine neurotransmitters among the MA abusers
and reduce anxiety and depression. The exercise training
as a non-invasive and non-pharmacological treatment can
have a significant effect on mental health promotion due
to positive and efficient impacts on the psychological and
emotional factors of patients.

Regarding the direct effect of training on the morale
of individuals, the psychosocial damaged components of
these patients will be significantly improved. In fact, the
participation in physical activities makes it possible to
stay together with other people in the community, lead-
ing to increased life expectancy and reduced depression
and anxiety. The exercise training can increase the self-
confidence and empowerment feeling in the patient, in-
creases the sense of usefulness in personal and family life,

and enhances daily activities and quality of life. Thus, the
MA abusers can use physical activity and exercise training
with observance of exercise considerations to elevate the
functional level of serotonin and dopamine neurotransmit-
ters and to reduce anxiety and depression during treatment
courses.
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