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Abstract   
Purpose: we reviewed that the mental fatigue is influenced by dopamine depletion, 

and we assume that increasing DA level can increase athletic stamina and promote 

athletic performance after prolong exercise.   
Methods: The search strategy was according to key words contain, Mental fatigue 

, Decision making , Dopamine, Stroboscope training through the Google scholar, 

PubMed, and Elsevier. Among the literatures, 100 papers include review and 

original articles were studied. Finally, we decided to select  49  papers based on 

similarity and recent studies so more than 50 percent of papers were excluded, 

because of they were out of date or irrelevant to key words.   
Results: Based on many studies, it was found dopamine has an essential role on 

athletic performance and his stamina.    
Conclusion: The stroboscope vision training in sports could enhance the 

dopaminergic neurons and associated visuo-motor skills.    
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Introduction   

The history of research on Dopamine (DA) levels is often referred to 

the Carlson researches. In that time investigations were started about 

antipsychotic drugs such as Chlorpromazine after second war. This drug 

was used on second war for decreasing hallucination and internal voice 

was that were made because of war affections.1 Dopamine (DA) is an 

important catecholamine neurotransmitter that has a key role in cognitive 

functions, such as motivation , reward and motor functions.213 This role is 

mediator by three main pathways that is described later. In fact any 

changes in dopamine levels can cause some diseases such as Parkinson’s 

disease (PA) which is correlated to decrease  Dopamine level.456  

Dopamine is produced mainly in the Substantia Nigra pars compacta and 

Ventral tegmental area.7 Dopamine has outstanding role in movement, 

cognition and learning.2 To sustain this first we briefly review dopamine 

structure, dopaminergic pathway, and its role in mental fatigue and sport.   

  

Dopamine structure and its Role   

Studies that were done after second world war  and other 

investigations were done on brain’s antipsychotic receptor  had result in  

finding out D2 receptor location.89 Dopaminergic neurons in the substantia 

nigra, ventral tegmental area (VTA) and the arcuate nucleus of the 

hypothalamus are centers for producing Dopamine  .10111   D1 like family 

and D2 like family are two main receptors of Dopamine  . .1091213 .D1 

receptors are the most abundant in the Prefrontal cortex ( PFC) of brain 

than D2 receptors, while D2 receptors are more prevalent in the striatum 

than in the cortex.  D1 receptors have an inhibitory or excitatory role in a 

variety of CNS functions, including working memory, attention,9 motor 

control , decision making,  regulate growth and development, regulations 

of feeding, affect, attentions, reward, sleep, impulse control, reproductive 

behaviors , and learning.9141516  D2  
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receptors family are expressed in striatum, ventral tegmental area 

(VTA) and nucleus accumbens and olfactory bulb. 1091718 D2 receptors 

functions in the brain are almost inhibitory and  modulate mood, 

emotional stability in the limbic system and movement control in the 

basal ganglia.10 19  

Sometimes stimulation of Dopamine receptors such as D2 in some 

in mesolimbic areas causes emerging of positive sign of Schizophrenia 

,for example, Delusion and hallucination which are seen in individuals 

who taking Antipsychotic drug, for instance in the people who taking 

Amphetamine and chlorpromazine that causes increase 

Dopamine(DA) level in CNS16202211.  

  

Dopamine’s role on the brain   

Most of Dopaminergic cells are located  in the midbrain in three  

groups: the retro bulbar, the substantia nigra  (SN) and the ventral 

tegmental area (VTA). Three major pathways made dopaminergic 

circuit system  nigrostriatal, mesolimbic/mesocortical and 

tubularinfundibular pathway.2110Nigrostriatal pathway that originate 

from the pars compacta of SubstantiaNigra (SN) and end to striatum  

dopamine plays an crucial role in execution motor  and learning new 

motor skills. This pathway  could be affected by Parkinson 

disease.2223102425  some other dopaminergic neuron are positioned in 

VTA and their axons project to Limbic system , Nucleus Accumbens  

, bed nucleus of stria terminalis (BNST), and frontal cortex. These 

pathway is involved with reinforcement, motivation, mood and 

thought also it is related to pleasurable activity such as occupation , 

sex and food  or using drug.10  242627 The Mesocortical Pathway that 

dopaminergic fibers originate from the ventral tegmental area(VTA) 

and terminate to the frontal cortex that include the orbitofrontal cortex 

(OFC) and anterior cingulate10 262829 . Mesocortical mediates cognitive 
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attitude such as working memory, attention and also mediate 

emotional.30   

  

Figure 1-1 Dopaminergic pathway througout the brain.31  

Basal ganglia   

The basal ganglia are a group of subcortical structures involved in 

the integration and processing of sensorimotor, cognitive and limbic 

information.32 The Caudate nucleus is a large structure in the basal 

ganglia and together with the putamen, is called the striatum or the 

dorsal striatum.33  

 Dysfunction of these nuclei results in a wide variety of motor 

neurological disorders, including Parkinson's disease, Huntington's 

disease, dystonia, hemiballism and Tourette's syndrome.34  The 

striatum is a central component of the basal ganglia that collects and 

processes information coming from the cerebral cortex and the 

thalamus.35   
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Behavior and motor system is the objective output of the nervous 

system, whether in cognition or action. 3637 Nervous systems are 

equipped with several motor programs that are acquired genetically 

such as locomotion, posture, breathing, eye movements, feeding, 

chewing, swallowing, bowel and bladder functions, and reproductive 

motor behaviors, eye-head orienting, and vocalization that are 

controlled by the brain stem motor centers or spinal cord. 1038 Complex 

behavioral tasks usually necessitate activation of caudate nucleus 

neurons. 33   

More than 90% of the striatal neurons are medium spiny neurons 

MSNs (also known as Golgi type I cells) which have a  long axon, 

medium-sized cell body and spiny dendrite and the remainder are 

mostly cholinergic and GABAergic interneurons that are 

morphologically distinguished by a large soma and wide dendritic 

arborisation.39 40 37  MSNs receive excitatory glutamatergic inputs from 

the cerebral cortex and the thalamus onto the tips of the dendritic 

spines, and a modulatory dopaminergic inputs from the midbrain.35 The 

striatal medium spiny output neurons are also inhibitory (GABAergic) 

that project to the substantia nigra pars reticulata, Globus pallidus pars 

interna , and ventral pallidum 3740. In the striatum both D1 (excitatory) 

and D2 (inhibitory) receptors are found. The major role of these two 

receptors in the striatum is to control and initiation of motor plans941.   

DA modulation of incoming transmission to the striatum plays a 

key role in the functional expression of reward-seeking behaviors and 

motor control 27. In all animals the striatum have a fundamental role in 

motor activity , dorso-medial and dorso-lateral areas are predominantly 

involved in motor control, while ventro-medial segments are mostly 

involved in the expression of reward processing, motivation and 

salience427 . But most neuroscientists tacitly assume that the cerebral 

cortex is responsible for the initiation of any goal-directed 



  KJMSB  Vol. 1, No. 1, Spring & Summer 2021                             35      

behavior26.The parts of cortex is related to this behavior of the 

goaldirected system  is including the dorsal posterior parietal and large 

parts of the frontal cortex .18   

  

Mental Fatigue   

Mental Fatigue is an event that occur for most people in their life 

and manifest by reduced cognitive performance and is effortful to 

achieve a specific goal.43  . There many factor that can cause mental 

fatigue, for example lack of energy, being unmotivated and changes 

in perception and mood. Mental fatigue can cause in effortful 

perceive, and has been found to activate the cortical regions involved 

in athletes’ inhibition system44   

  

Decision making   

Decision making is a process too choose a selection among 

options. Some processes are contained in decision making such as 

seeking information and comparison between options. 45In adaptation 

to uncertainty situation  decision making has outstanding role .46 

Even for being successful in game playing for instance in football or 

handball decision making is an important element. 47   Neuroimaging 

studies depict that decision making function is on prefrontal cortex.48 

Median prefrontal cortex draw on evaluating judgment such as 

ventromedial prefrontal cortex is which engaged more in learning, 

processing expectation and outcome prediction, while the 

dorsomedial prefrontal cortex evaluate the differences between 

factual and predicted result. 46  

  

Dopamine and Exercise   

Prolong exercise can increase Extracellular DA concentration in 

brain during exercise , but in some in animal research depict that after 
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prolong exercise and exhausted DA can being decreased in brain . It 

suggest that after extreme exercise and stress can deplete Tyrosine 

precursor of DA and decrease DA level in brain subsequently. 49    

Dobryakova et al. suggested in their article that dopamine is involved 

not only in effort–reward calculation but might also contribute to 

fatigability of cognitive processes.43  

Concluding remarks  

As mentioned before dopaminergic activity of brain specially D2 

receptors in prefrontal cortex has correlation with motivation, feeling 

arousal and reward. In the football or other sport that consume most of 

energy of athletic , it could  have effect on athletics to  suffer from 

mental fatigue. To promote athletic performance by manipulating 

individual’s intrinsic motivation, rewards system, or increasing brain 

DA concentration ,it should be evaluate their decision making score by 

Iowa gambling task and then try increase feeling of competence that 

influence intrinsic motivation , consuming Tyrosine supplementation 

to compensate depletion of dopamine precursor or even using Shutter 

glasses to increase value of brain dopamine to improve their decision 

making system in mental fatigue duration .   
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