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The effects of antidepressant treatments have traditionally been discussed primarily in terms of 

effects on noradrenergic and serotonergic systems and still the exact pathophysiology of depression is 
unknown which demands more research work in depression. Hence, in order to enlighten newer concept, 
this review present the dopaminergic hypothesis in depression and various perspective such as study of 
several animal models of depression, biochemical study, histopathological study, neuroimaging study and 
neuroendocrine study in human which suggest the role of dopamine and dopaminergic dysfunction in 
depression. Par-4 links dopamine signaling, genetic study, dopamine receptor gene expression study, study 
of dopamine supersensitivity and the CREB-BDNF (cyclic adenosine monophosphate response element 
binding protein - CREB and brain-derived neurotrophic factor (BDNF) pathway suggesting involvement of 
the dopaminergic system is depression. Therapeutic role of dopaminergic agents such as antidepressants 
and dopaminergic action of classical antidepressants provide evidences for the role of dopamine in 
depression.  
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INTRODUCTION 

Depression is the affective disorder characterized by disorder of mood rather than 
disturbances of thought or cognition; it may range from a very mild condition bordering 
on normality to severe (psychotic) depression. Depressed mood is associated with 
feelings of guilt, suicidal tendencies, disturbed bodily functions such as weight loss, 
anorexia, loss of libido or a disturbed sleep and persist for weeks or even months. 
However the psychiatrist is seldom concerned a mood change unless it persists for such a 
long time that it incapacitates the individual. Depression is not only detrimental to the 
individuals it affects but it is also a costly disorder to society. The World Health 
Organization predicts that depression will become the second leading cause of premature 
death or disability worldwide by the year 2020.[1] Depression is a treatable condition and 
can be helped by pharmacotherapy or along with the addition of psychotherapy.[2] The 
effects of antidepressant treatments have traditionally been discussed primarily in terms 
of effects on noradrenergic and serotonergic systems.[3] Unfortunately, despite the 
progressive increase in the number of antidepressant agents based on current systems, 
many patients suffering from depression continue to be symptomatic despite intensive 
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treatment.[4] To complicate matters further, residual symptoms among remitters are 
common [5] and associated with poorer psychosocial and long-term functioning.[6] The 
brain's mood, reward, and motivation circuits are mainly governed by dopamine and have 
been regarded as potential alternative targets for treating depression. Ranrup et al (1975) 
presented the first evidence for a dopaminergic dysfunction in depression.[7] It has been 
demonstrated by evidences, that dopaminergic neurons originating in the ventral 
tegmental area and projecting their nerve terminals into different telencephalic areas, 
amongst which are the prefrontal cortex and the nucleus accumbens are involved in the 
control of reward-related behavior and incentive motivation[8] which are impaired in 
depression.[9] These evidences prompted the investigation on the possible role of 
dopamine both in the pathogenesis of depression and in the mechanism of action of 
antidepressant treatments. Since then, multiple lines of investigations have explored the 
role of dopaminergic systems in depression.[10,11] Drugs which increase dopamine 
levels, such as cocaine and amphetamine, produce mood elation; conversely, drugs which 
either reduce dopamine levels, such as reserpine, or block dopamine receptors, such as 
neuroleptics, can induce either dysphoria or depressed mood.[12] The drugs which 
increased dopamine levels in brain either by inhibiting the dopamine reuptake (e.g. 
bupropion or nomifensine) or dopaminergic agonistic action have been shown to be 
potent antidepressants.[13] Parkinson’s disease can be relieved by antidepressants and by 
electro convulsive treatment suggesting that these treatments can increase dopaminergic 
activity.[14] In reviewing the sum of monoamine-based treatments for depression, it is 
evident that relatively few dopaminergic-based treatments have been developed.[15] 
Therefore, developing effective antidepressant treatments with pro-dopaminergic 
properties which also possess a relatively wide safety margin may further improve the 
standard of care for depression.[5]  
Present review designed, studies focusing on the role of dopamine in depression that is 
evidenced by preclinical, clinical and molecular studies followed by pharmacotherapies 
for depression with pro-dopaminergic activity and the effects of antidepressant treatments 
on brain dopaminergic system. 
 
DOPAMINERGIC SYSTEM IN DEPRESSION 

Most dopamine producing neurons in the brain are located in brain stem nuclei: 
the retro-rubro field (A8), substantia nigra pars compacta (A9), and the ventral tegmental 
area (A10). The nigrostriatal pathway projects from the substantia nigra pars compacta to 
the dorsal striatum (caudate and putamen) and has a prominent role in the motor planning 
and execution of movement, although it clearly also plays an important role in nonmotor 
functions, such as cognition.[16] The mesocortical pathway arises from the ventral 
tegmental area and projects to the frontal and temporal cortices, particularly the anterior 
cingulate, entorhinal, and prefrontal cortices. This pathway is believed to be important for 
concentration and executive functions such as working memory. The mesolimbic 
pathway also arises in the ventral tegmental area but projects to the ventral striatum 
(including the nucleus accumbens), bed nucleus of the stria terminalis, hippocampus, 
amygdala, and septum. It is particularly important for motivation, the experience of 
pleasure, and reward. The tuberoinfundibular pathway arises from the arcuate nucleus of 
the hypothalamus (A12) and projects to the median eminence of the hypothalamus, where 
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dopamine released into the portal vessels acts to inhibit the secretion of prolactin from the 
anterior pituitary.[17] This pathway is also involved in dopaminergic regulation of 
growth hormone release from the anterior pituitary.[18] The incertohypothalamic 
pathway originates from cell bodies in the medial portion of the zona incerta (A13) and 
innervates amygdaloid and hypothalamic nuclei involved in sexual behavior. 
Evidence from the studies of neuroanatomical substrates of animal behavior and the 
animal models of psychiatric illness; suggest that the mesolimbic dopaminergic system 
may be involved in the pathophysiology of schizophrenia and affective disorders.[19] 
The effects of dopamine in the central nervous system are considered to be mediated via 
D1 like (D1, D3, D5) and D2 like (D2, D4) dopamine receptors in the mammalian brain. It 
is reported that D1 receptor is positively linked to the adenylate cyclase while D2 receptor 
is negatively linked. Somatodendritic and presynaptic D2 receptors also function as 
autoreceptors with activation of somatodendriticD2 receptors resulting in reduced 
dopamine cell firing and activation of presynaptic D2 receptors reducing the amount of 
dopamine released per action potential.[20] With the development of D1 and D2 agonists, 
however, emphasis has become centered on the pharmacological characteristics of the 
specific drug in order to determine whether an observed effect is mediated by D1 or D2 
receptors. In the basal ganglia, dopamine is cleared from the extracellular space primarily 
by presynaptic nerve terminal uptake mediated by the dopamine transporter. Dopamine 
signaling occurs in two forms. Phasic dopamine release results from burst firing of 
ventral tegmental area neurons and is thought to occur in response to behaviorally salient 
stimuli, such as those that may predict reward.[21,22] This phasic dopamine release 
activates postsynaptic D2 receptors and is terminated via reuptake by dopamine 
transporter. Tonic dopamine release arises from slow, irregular activity of the ventral 
tegmental area, resulting in low concentrations of extracellular dopamine that act at 
presynaptic dopamine receptors to inhibit phasic dopamine neuron firing, and is subject 
to metabolism by catechol-o-methyl transferase (COMT).[23] 
 
ROLE OF DOPAMINE IN DEPRESSION 

The relationship of dopamine and depression has been studied from various 
perspectives. The role of dopamine in depression is supported by various evidences for 
dopaminergic system dysregulation in depression which is ranging from animal studies to 
human studies. 
 
Animal studies on depression  

Animal studies investigating the role of dopamine in depression have used three 
approaches: (1) alterations in the dopamine system in animal models of depression; (2) 
the role dopamine behaviors assumed to have relevance to human depression such as 
motivation and reward seeking: (3) the effect of drugs acting on the dopamine system and 
animal behavioral models of depression.[24] Several animal models of depression such as 
loco motor activity,[25] forced swim test,[26] chronic mild stress test,[27] learned 
helplessness[28-30] and olfactory bulbectomy [31] have consistently found altered 
dopamine pathways associated with depressive behaviors. The majority of studies have 
examined the locomotor stimulant response to moderate doses of apomorphine or 
amphetamine and this response is consistently elevated following chronic administration 
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of antidepressants.[25] Immobility in the forced swim test may be reversed not only by 
antidepressants, but also by D2/D3 receptor agonists such as ropinirole and piribedil 
applied systemically or to the nucleus accumbens.[26] Conversely, a study has reported 
that antidepressant effects in the forced swim test were reversed by dopamine 
antagonists.[26] The chronic mild stress procedure causes a generalized decrease in 
responsiveness to rewards (anhedonia),[32] which can be reversed by chronic 
administration of tricyclic or atypical antidepressants. This behavioural changes are 
accompanied by a decrease in D2/D3-receptor binding and D2-mRNA expression in the 
nucleus accumbens. A pronounced functional subsensitivity to the rewarding and 
locomotor stimulant effects were observed when the D2/D3 agonist quinpirole, 
administered systemically or within the nucleus accumbens of rat.[27]  
Dopamine depletion in the caudate nucleus and the nucleus accumbens was reported in 
animals with learned helplessness.[28] Prior treatment with a dopamine agonist prevents 
the development of the learned helplessness state. Conversely, dopamine antagonists 
exacerbate learned helplessness and prevent the improvement produced by antidepressant 
treatment.[29,30] Pramipexole exert an antidepressant profile in the OBX-rat model in 
normalizing bulbectomy-induced hyperactivity during (sub) chronic treatment.[31] 
 
Human studies on depression 

   Biochemical Study 
Biochemical studies of dopamine turnover present a much clearer picture. The 

major metabolite of dopamine is homovanillic acid. It is reasonably well established that 
homovanillic acid in the cerebrospinal fluid originates mainly perhaps exclusively from 
the turnover of dopamine in the central nervous system,[7] and mainly reflects the 
activity of the nigrostriatal dopamine pathway, owing to the size of this pathway, and its 
location adjacent to the lateral ventricles.[33] Measurement of homovanillic acid in 
cerebrospinal fluid is the most direct method available for studying dopamine turnover in 
the human brain. If it is assumed that dopamine uptake mechanisms and the rate of flow 
of cerebrospinal fluid do not change, then homovanillic acid concentrations measured in 
lumbar cerebrospinal fluid should be proportional to dopamine release. Since 
homovanillic acid concentration also depends upon the transport of homovanillic acid out 
of the cerebrospinal fluid, a better estimate of dopamine turnover may be obtained by 
measuring homovanillic acid following the administration of probenecid, a drug which 
blocks the transport of acid metabolites out of the cerebrospinal fluid, and produces a 3 to 
4 fold increase in homovanillic acid concentration in the cerebrospinal fluid.[34] Studies 
in which probenecid was not used have usually found decreased concentrations of 
homovanillic acid in the cerebrospinal fluid of depressed patient.[35,36] A study reported 
a low dopamine and/or dopamine metabolite levels in the serum, cerebrospinal fluid and 
urine of suicidal patients.[37] 
Histopathological study 

Major depressive disorders patients demonstrated greater amygdaloid D2/D3-
receptor binding and lower dopamine transporter binding than non-depressed patients 
postmortem report in certain brain regions was confirmed by a histopathological 
study.[38] In parallel, there is also a report of an increased sensitivity of CNS D2-
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receptors, by way of an elevated sulpiride (D2 agonist)-induced prolactin response in 
major depressive disorders than normal controls.[39] 
Neuroimaging study 

Studies of the dopamine transporter and dopamine receptors suggest 
dopaminergic dysregulation in major depressive disorders. A neuroimaging studies, for 
example, suggest that depression is associated with increased D2/D3-receptor binding in 
the basal ganglia [40] and striatum.[41] However, it is important to point out that a 
number of other neuroimaging studies do not report greater striatal D2 receptor binding in 
depression than normal controls.[42] Similarly, not all imaging studies support the notion 
that depression is associated with decreased dopamine transporter activity.[43]  
Neuroendocrine study 
 Since, functional dopamine receptors are only found within the central nervous 
system, neuroendocrine methods at present provide the only way of studying dopamine 
receptors function in human subjects. As dopamine has been implicated in the excitatory 
control of growth hormone release and in the inhibitory control of prolactin release. A 
study has attempted to use these neuroendocrine effects of dopamine to assay the effects 
of chronic antidepressant treatment on dopamine function.[44] An increases in 
apomorphine and DOPA induced prolactin inhibition following repeated electro 
convulsive shock in depressed and parkinsonian patients were also observed.[45,46] An 
increase in bromocryptine induced prolactin inhibition has also been reported following 
chronic amitryptiline treatment in depressed patients.[47] However some studies have 
found no differences in prolactin levels between depressed patients and norma1 controls, 
[47,48] others have found increased prolactin levels in depression,[49] particularly in  
bipolar patients.[50] Additionally, prolactin levels are increased by stress, and might, 
therefore be sensitive to variations in experimental procedure. Overall, however, the 
neuroendocrine evidence for altered dopamine release in depression is utterly equivocal. 
 
Molecular study on depression 

            Par-4 Links (Prostate apoptosis response 4) Dopamine Signaling  
Dopamine functions in target cells through five known subtypes of dopamine 

receptors (D1, D2, D3, D4, and D5) to regulate motor control, stereotypic behaviors, 
arousal, mood, motivation, and endocrine function.[51] Dopamine D2 receptor, the 
predominant D2-like dopamine receptor sub type is coupled to the inhibitory G protein 
(Gi) which is normally associated with inhibition of cAMP signaling.[52] cAMP is a well 
established second messenger of dopamine D2 receptor signaling. Prostate apoptosis 
response 4 (Par-4) is a leucine zipper containing protein that plays a role in apoptosis. 
When Par-4 expression was knocked down by RNA interference, D2 dopamine activation 
increased cAMP activity suggesting that Par-4 is necessary for optimizing dopamine D2 
receptor efficacy and shows Par-4 as a modulator for Ca2+ dependent regulation of 
dopamine D2 receptor signaling. Par-4 directly interacts with the dopamine D2 receptor 
via the calmodulin binding motif in the third cytoplasmic loop. Calmodulin can 
effectively compete with Par-4 binding in a Ca2+ dependent manner, providing a route for 
Ca2+ mediating downregulation of dopamine D2 receptor efficacy. Moreover it is reported 
that impairment in the function of dopamine D2 receptor is implicated in various 
psychiatric disorders such as schizophrenia, mood disorders, and drug addiction.[53] 
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Remarkably, Par-4 δ LZ mice displays significantly increased depression like behaviors 
such as increased immobility during the forced swim test, increased latency to contact 
novel food, and decreased open-field exploration.[54] Based on behavioral abnormalities 
observed in mice with disrupted Par-4/ dopamine D2 receptor interaction, it proposes that 
Par-4 constitutes a missing link between dopamine D2 receptor signaling and the 
manifestation of depressive symptoms.[55] In a human study,[55] Par-4, dopamine D2 

receptor and calmodulin protein levels were measured using semi quantitative western 
blotting in postmortem temporal cortex in subjects with major depression, bipolar 
disorder and schizophrenia. Mean Par-4 levels appeared slightly lower in patients with 
bipolar disorder than in normal controls.  
Genetic study 

The heritability of major depression is estimated to be between 31% and 42% and 
is likely higher for individuals with recurrent major depression.[56] Although major 
depression is almost certainly a polygenetic illness, certain genes may influence the 
subtype of depression expressed, and the presence of more than vulnerability gene may 
significantly increase the likelihood of developing major depression.[57] Polymorphisms 
of the D4 receptor, dopamine transporter, and COMT (catechol-o-methyletransferase) 
have functional significance, although in a study of Jewish patients with major 
depression, no difference in the allelic distributions of these polymorphisms was 
found.[58] The D4 receptor is the most polymorphic of the DA receptors, possessing a 48 
base pair variable number tandem repeat polymorphism in exon 3 of the gene with alleles 
in humans encoding for 2 to 10 repeats.[59] A meta analysis of 2071 subjects in 12 
studies identified the 2-repeat allele as a vulnerability allele for depression.[60] Other 
study has identified a possible association of Bal 1 polymorphism of the D3 receptor in 
unipolar and bipolar depression. [61,62] Mutations in the gene for dopamine -
hydroxylase, the enzyme that converts dopamine to noradrenaline, can lead to elevations 
in the dopamine/noradrenaline ratio, potentially increasing the risk for psychotic 
symptoms in depression.[63] So far genetic studies have not produced robust data to 
support a role for dopamine D2-like receptors in either the antidepressant response or in 
mood disorders.[64] Very little pharmacogenetic work has been reported with respect to 
genetic studies linking D2-like receptors and mood disorder and still this study are 
equivocal. A chromosomal translocation with bipolar disorder has been reported on 
chromosome 11 near the dopamine D2 receptor gene arousing interest in dopamine D2 

receptor as a candidate disease gene.[65] Although other study has reported associations 
between bipolar disorder and dopamine D2 receptors.[66] 
Dopamine receptor gene expression study 

Changes in dopamine transporter and D2 receptors in the amygdaloid complex of 
subjects with major depression indicate that disruption of dopamine neurotransmission to 
the amygdala which is a region of the brain that is richly innervated by dopamine and that 
has considerable relevance to depression.[67] Quantitative real-time RT-PCR (reverse 
transcriptase–polymerase chain reaction) was used to investigate the regional distribution 
of gene expression of dopamine receptors in the human amygdale.[68] In addition, 
relative levels of mRNA of dopamine receptor in the basal amygdaloid nucleus were 
measured postmortem in subjects with major depression and normal control subjects. All 
five subtypes of dopamine receptor mRNA were detected in all amygdaloid subnuclei, 
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although D1, D2, and D4 receptor mRNAs were more abundant than D3 and D5 mRNAs 
by an order of magnitude. The highest level of D1 mRNA was found in the central 
nucleus, whereas D2 mRNA was the most abundant in the basal nucleus. Levels of D4 
mRNA were highest in the basal and central nuclei. In the basal nucleus, amounts of D4, 
but not D1 or D2, mRNAs were significantly higher in subjects with major depression as 
compared to control subjects. These findings demonstrate that the D1, D2 and D4 
receptors are the major subtypes of dopamine receptors in the human amygdala. Elevated 
dopamine receptor gene expression in depressive subjects further implicates altered 
dopaminergic transmission in the amygdale in depression.[67]  
Dopamine supersensitivity and the CREB-BDNF Pathway 

In recent years, much work has suggested that different types of antidepressant 
drugs acting at common pathway involving the cyclic adenosine monophosphate 
response element binding protein (CREB) and brain-derived neurotrophic factor (BDNF). 
In the hippocampus and some cortical regions, a common effect of several different 
antidepressant treatments is phosphorylation of CREB and converts into its active form, a 
DNA-binding transcription regulator. Phosphorylated CREB activates transcription of 
other genes including BDNF. BDNF was originally identified as having neurotrophic 
activity which is associated with antidepressants action. The work of Guillin et al 
suggested a link between BDNF and dopamine super sensitivity. It was reported that 
BDNF from dopaminergic neurons is required for expression of the dopamine D3-
receptor (but not D1 or D2) in the nucleus accumbens shell of adult rodents.[69] These 
findings could account for the increased binding of D2/D3 ligands and the increased 
behavioral response to D2-like receptor agonists observed after chronic antidepressant 
treatment60.Thus, activation of the CREB-BDNF pathway by antidepressant drugs might 
account for dopamine supersensitivity in the nucleus accumbens and also for at least 
some of the effects of antidepressant drugs.[70]  
 
DOPAMINERGIC-BASED PHARMACOTHERAPIES FOR DEPRESSION 

         Antidepressant effect of dopaminergic agents 
Dopamine precursors 
           Major line of evidence for decreased dopamine activity in depression concerns 
dopamine turnover. There is some evidence suggesting that dopamine synthesis might be 
impaired in depressed patients, by a decreased availability of the precursor amino acid 
tyrosine. Under conditions of dopamine deficiency, tyrosine causes an enhancement of 
dopaminergic transmission.[71] Some studies have reported decreased tyrosine 
concentrations in the blood of depressed patients as compared with normal controls, 
particularly during the morning, when plasma tyrosine levels are maximal in norma1 
subjects.[72,73] Additionally, the possibility of defective tyrosine transport to the brain 
has been hinted. Decreased tyrosine concentrations was found in the ventricular 
cerebrospinal fluid of depressed patients undergoing psychosurgery as compared with 
anxious patients, and in the lumbar cerebrospinal fluid of depressed patients, compared to 
norma1 control. 

    Monamine-oxidase inhibitors (MAOIs)  
MAOIs act by inhibiting MAO, an enzyme found on the outer membrane of 

mitochondria, where it catabolizes a number of monoamines including dopamine, 
norepinephrine, and serotonin. Since dopamine is a substrate of MAO-A and MAO-B, 
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[74] all MAOIs inhibit the catabolism of dopamine to various degrees. R [-] selegiline is 
reported for direct release of dopamine in the rat caudate putamen in vitro.[75] The (-) 
enantiomer of tranylcypromine also appears to inhibit catecholamine uptake to some 
degree.[76] Perhaps due to their ability to inhibit the reuptake of dopamine in addition to 
serotonin and norepinephrine, the MAOIs appear to be more effective than tricyclic 
antidepressants (TCAs) in the treatment of patients with atypical depression, which are 
characterized by mood reactivity in addition to symptoms such as hypersomnia, 
hyperphagia, extreme fatigue and rejection sensitivity. [77] 
catechol-o-methyletransferase (COMT) inhibitors  
 DA (as also NA) is broken down extraneuronally by catechol-o-
methyletransferase (COMT), and intraneuronally by monoamine oxidase (MAO). 
Tolcapone in an open trial show antidepressant action in MDD.[78] It has been reported 
that red cell COMT activity was reduced in depressed women, as compared to norma1 
women or women with other psychiatric or neurological diagnoses, and also shown that 
COMT was lower in bipolar than in unipolar patients. [79,80]  

Norepinephrine-dopamine reuptake inhibitors 
Pooled analysis of double blind randomized clinical trials comparing bupropion 

with an SSRI for MDD revealed a greater resolution of symptoms fatigue and sleepiness 
during bupropion than SSRI treatment.[81] In addition, perhaps due to its dual 
dopaminergic and noradrenergic activity, preliminary evidence suggests bupropion may 
be particularly effective in the treatment of certain symptoms of depression, including 
cognitive disturbance and fatigue.[82] 
Dopaminergic receptors agonists 

Dopamine receptor agonist such as amantadine increased function of the 
dopamine receptors and, secondarily, the dopamine transporter.[83] Two Open-label 
trials suggested the use of dopamine agonists pergolide[84] and bromocriptine[85] for 
depression, while three separate double-blind studies also show bromocriptine to be as 
effective as TCAs in the treatment of depression.[86] There is also an anecdotal evidence 
to suggest a potential antidepressant role for amantadine when used in conjunction with 
standard antidepressants in MDD[87] while a double-blind study revealed greater 
improvement than placebo in residual fatigue when amantadine was added to the SSRI 
regimen of women with MDD who had experienced an incomplete response to SSRI. 
Pramipexole and ropinirole are selective dopamine D2 and D3 receptor agonists[88] 
which are FDA-approved for the treatment of Parkinson’s disease. Small case series 
support the use of pramipexole in unipolar [89] and of both pramipexole and ropinirole in 
bipolar depression.[89,90] 
Dopaminergic effect of antidepressants agents 
Electro convulsive shock (ECS) 

As a non-pharmacological treatment, ECS is a powerful tool with which to 
investigate the biochemical effects that accompany antidepressant response. Spontaneous 
locomotor activity and stereotypic behaviors are mediated by the mesolimbic and 
nigrostriatal pathways, respectively in rats and increase in response to dopaminergic 
agents.[45] Chronic but not acute, treatment with electroconvulsive shock consistently 
potentiates the dopaminergic activation of these behaviours.[91] In vivo microdialysis 
studies in rats find a multiple fold increase in the levels of dopamine in the striatum after 
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electroconvulsive shock (ECS).[92] In humans, studies of growth hormone release as an 
evidence of enhanced dopaminergic function was reported after ECT.[46] The efficacy of 
ECT in parkinson’s disease suggests an increase in dopaminergic function is 
produced.[45]  
Antidepressant agents and their role in Chronic treatment  

The effect of chronic treatment with antidepressants on the behavioural and 
biochemical responses to the direct dopamine receptor agonist, apomorphine was 
studied.[93] After chronic treatment with antidepressants, the motor stimulant effect of 
apomorphine was potentiated, while the hypomotility and the inhibition of dopamine 
synthesis produced by the small doses of the drugs were prevented.[93] They interpreted 
these findings suggesting that chronic antidepressants potentiate dopamine transmission 
by inducing a subsensitivity of dopamine autoreceptors. The results consistent with this 
interpretation have been obtained and observed that after chronic treatment with different 
antidepressant drugs or repeated electroconvulsive shock, the inhibitory effect of 
apomorphine on the firing rate of dopamine neurons in the substantia nigra was 
prevented. Other study have confirmed the ability of chronic treatment with virtually all 
antidepressant drugs, repeated electroconvulsive shock, to increase the motor stimulant 
effect of dopamine receptor agonists.[94] It has been reported that chronic treatment with 
different antidepressant drugs like imipramine, amitriptyline, citalopram and mianserin 
potentiated the locomotor response to the dopamine D3 receptor agonist and increased the 
density of dopamine D3 receptors in the islands of Calleja and in the shell of the nucleus 
accumbens, which are brain regions with highly selective expression of dopamine D3 
receptors, measured by autoradiography. [94] 

Hence most of the available evidence shows that the increased sensitivity to 
dopamine receptor stimulation induced by chronic antidepressant treatments is related to 
an increased dopamine D2 like i.e. D2 and D4 receptor function, and a decreased 
dopamine D1 receptor number and sensitivity. Moreover, these changes are most 
prominent in the limbic areas i.e. those areas innervated by dopamine neurons in the 
ventral tegmental area, thus supporting the view that they might indeed be important in 
the therapeutic effect of these drugs. 
Antidepressant agents and their role in Acute treatment  

Acute administration of fluoxetine, clomipramine, imipramine, desipramine, 
mianserin, nortryptiline and paroxetine has been reported to increase extracellular 
concentrations of dopamine in the rat prefrontal cortex.[95] Acute treatments of 
fluoxetine, clomipramine, imipramine, desipramine and mianserin failed to influence 
dopamine release in the nucleus accumbens.[96] Acute treatment of minaprine failed to 
influence in vivo dopamine release in the limbic part of the striatum. In another study, 
acute fluoxetine did even produce a significant decrease in extracellular dopamine levels 
in both the nucleus accumbens and striatum.[97] Acute treatment with imipramine and 
clomipramine significantly increased extracellular dopamine in the striatum. Dopamine 
release in the nucleus accumbens was increased in rats acutely treated with 
tranylcypromine. Tianeptine, after acute administration, increased the extracellular 
concentrations of dopamine in the nucleus accumbens, and to a lesser extent, in the 
striatum.[98] Hence, dopamine release studies show that all antidepressants, either 
acutely or chronically administered, interfere with dopamine release. However, the only 
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effect shared by all antidepressant drugs, that might be relevant for their therapeutic 
effect, appears to be the increase of dopamine release in the prefrontal cortex after acute 
administration. 
 
CONCLUSION  

Several animal models of depression such as forced swim test, chronic mild stress 
test, learned helplessness, olfactory bulbectomy and locomotor activity have also 
consistently found altered dopamine pathways associated with depressive behaviours. 
Evidence from the various human studies suggests that the mesolimbic dopaminergic 
system may be involved in the pathophysiology of affective disorders. Many Studies 
indicating decreased concentrations of HVA in the CSF, greater amygdaloid D2/D3-
receptor binding, lower dopamine transporter (DAT) binding, increases in apomorphine 
and DOPA induced prolactin inhibition in depressed patients providing evidences the 
dopaminergic dysfunction in the depression. From molecular study point of view Par-4 
links dopamine signaling in animal model and human study proposes that Par-4 
constitutes a missing link between D2DR signaling and the manifestation of depressive 
symptoms. Genetic study of certain genes shows that polymorphisms of the D4 receptor, 
DAT, and COMT have functional significance among them the D4 receptor is the most 
polymorphic of the DA receptors. Dopamine receptor gene expression study indicates 
that reduction of dopamine neurotransmission to the amygdala and elevation of DA 
receptor gene expression in depressive subjects. Activation of the CREB-BDNF pathway 
(which is the most common pathways of antidepressants agents) by antidepressant drugs 
might account for dopamine supersensitivity in the nucleus accumbens and also for at 
least some of the effects of antidepressant drugs. The various pharmacotherapies suggest 
that dopaminergic system and dopamine is involved in antidepressants action of drugs. 
Also it shows that the ability to potentiate behavioural stimulant responses to dopamine 
agonists appears to be a general characteristic of antidepressant treatments. From the 
preclinical, clinical and molecular study of depression this review suggests that there is a 
dopaminergic dysfunction in depressed patients and role of dopamine in depression is of 
great significance. Furthermore from the review it can be suggested that new research 
work can be carried out on antidepressants treatments based on dopaminergic system. By 
targeting the dopamine hypothesis involved in depression, it is hope that more effective 
treatments may be developed which ultimately improve the quality of care for patients 
with depression. 
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