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Reserpine, depletes monoamine stores and 

reduces mood

Amphetamine, briefly increases synaptic 

concentrations of monoamines and raises mood

Monoamine oxidase inhibitors increase 

monoamine levels and treat depression

Tricyclics act as reuptake inhibitors treat 

depression

The monoamine hypothesis of 
depression
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Some dopamine questions

Does dysregulation of the dopamine system contribute to the 
pathophysiology of depression

Might current antidepressant strategies exert some of their 
effect via dopamine

Might neglecting dopamine explain residual symptoms

Might enhancing dopamine  be a valid broad brush target in 
(all) depression

Might dopamine be a selective target in (some) depression

Might we develop new dopaminergic treatment strategies
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DA and reward

Rewards are appetitive- they possess 
particular motivational values – by 
determining welfare/survival

They interrupt ongoing behaviour and elicit 
immediate approach reactions 

They act as positive reinforcers (learning)

They induce feelings of pleasure
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Schultz et al. 1997

Schultz et al. 1997

DA and reward

• Dopaminergic system is implicated in a 
range of reward related behaviour
• Response vigour
• Reward learning (prediction error)
• Incentive salience (“wanting”)
• Hedonic experience (“liking”)

• Also
• Action initiation
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MDD: 5 of 9 present nearly every day 2/52

• Depressed mood most of the day
• Markedly diminished interest or pleasure in all, or almost all, 

activities most of the day

• Significant weight loss (when not dieting) or weight gain, or 
decrease or increase in appetite

• Insomnia or hypersomnia
• Psychomotor agitation or retardation
• Fatigue or loss of energy
• Feelings of worthlessness or excessive or inappropriate guilt
• Diminished ability to think or concentrate, or indecisiveness
• Recurrent thoughts of death (not just fear of dying), recurrent 

suicidal ideation, attempt or plan
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Uher 2009 BJPsych 195(1);87
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Negative mood states associated with 
distress- increased in MDD

Positive mood states associated with 
“well-being”- decreased in MDD

Fear Pleasure

Anxiety Joy

Irritability Interest

Loneliness Motivation

Guilt Energy

Disgust Enthusiasm

Hostility Alertness

Pessimism Self-confidence

Lane RM (2015) J Psychopharm 2014 9



Negative mood states associated with 
distress- increased in MDD1

Positive mood states associated with 
“well-being”- decreased in MDD1

Fear Pleasure

Anxiety Joy

Irritability Interest

Loneliness Motivation

Guilt Energy

Disgust Enthusiasm

Hostility Alertness

Pessimism Self-confidence

Use 5-HT/Noradrenergic agents? Predict Poor response2

particularly to SSRIs3,4

Use DA or NA drugs?

1Lane RM (2015) J Psychopharm 2014, 2 Spiker J (2001) Acta Psychiatr Scand, 103, 122-30, 3McMakin 
DL (2012) J Am Acad Child Adolesc Psychiatry, 51, 404-11, 4Uher R (2012) Psychol Med 967-80 
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DA in mesocortical system regulates 
cognitive processes: working 
memory, attention & executive 
function

DA and Cognition
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Neurobiology

Attr: Patrick J. Lynch

• Dopaminergic neurons project 
from central nuclei (VTA, SN) to 
the striatum and cortex

• D1 (like) and D2 (like) receptors 
have opponent actions
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DA in depression

Animal, genetic, PM and human neuroendocrine studies 
suggest that, in severe depression, there is a reduction in 
DA transmission with an inadequate compensatory 
increase in post synaptic D2 receptors and a reduction in 
DAT density

Schatzberg 2007,vs  Schneier et al. 2018, Rutledge et al. 201713



Animal studies suggest that increased DA transmission in nucleus 
accumbens may be responsible for behavioural actions of 
antidepressants1

SSRI responders, but not non-responders, exhibited increased DA 
binding to D2 receptors and the degree of increase in D2 binding 
correlated with improvement in Hamilton Depression Scale score 3

5-HT1A receptor activation stimulates DA release in the prefrontal 
cortex and nucleus accumbens4

, 1Willner, P. (1995) Dopaminergic mechanisms in depression and mania. In: Bloom, F.E. and Kupfer, D.J. (Eds.), Psychopharmacology: The 
Fourth Generation of Progress. Raven Press, New York. pp. 921–31., 2Techar, C (1981). Current Therapeutic Research 30, 830–842, 3Ebert  
D Psychopharmacology (Berl) 1996;12691- 94 4Ichikawa  J.  (1999) Eur Arch Psychiatry Clin Neurosci 249 ((suppl 4)) 90- 98

DA modulation as antidepressant?:
Might current drugs act, in part, via DA?
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DA modulation as antidepressant?:
Should we deliberately target DA?

Pharmacological agents 
are available which:

Target receptors 

Target reuptake

Enhance release from 
presynaptic terminals
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Pro-Dopaminergic Compounds with 
Antidepressant Actions

Non-specific
Reuptake: MAOIs including selegeline, 

reboxetine/desipramine (NB NE specific, PFC effects)

Specific
Reuptake: Bupropion 

Release: Amphetamine (lisdexamphetamine), 
methylphenidate,  evidence not strong

D2 and others agonists: bromocriptine, pergolide, 
pramipexole, ropinirole
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Bupropion – NDRI

Anecdotal evidence of reduction in apathy in 
depression
(Corcoran 2004)

Study evidence of improvement in reports of loss 
of energy 
(Bodkin 1997, Shelton 2001, Tomarken 2004)

HAMD cluster analysis shows superiority to 
placebo on retardation, fatigue and interest 
(Jamerson 2003)

Potential efficacy for SSRI-induced fatigue
(Green 1997)

Combines with, but interacts with citalopram
(Trivedi 2006)

Bup vs. Placebo

Papakostas 2005
Valentini et al. 2004
Giacobbe et al. 2018

Bup vs. SSRI
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Jang 2013
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Pramipexole

DA agonist selective for D2 and, particularly D3

Increases DA transmission1

Antidepressant in Parkinson’s patients2

Case reports/series and open studies suggest efficacy as monotherapy in 
bipolar depression3,4 and as augmenting agent in bipolar and unipolar 
depression5-10

Case series of 42 unipolar and bipolar patients. Impressive outcomes using 
a flexible dosing regime with a high maximum dose (mean dose 2.5mg, 
max 5mg)11

RCTs: Pramipexole (0.375mg, 1mg, 5mg) compared to fluoxetine 20mg or 
placebo in 174 depressed patients. 0.375mg ineffective, 1mg beneficial, 
5mg not tolerated12 plus..

1 Chernoloz O (2012) J Psychiatry neurosci 113-21, 2 Barone, P. (2010). The Lancet Neurology, 9(6), 573–80 3Goldberg JF, Am J Psychiatry 1999; 156(5)798, 
4Perugi G, Pharmacopsychiatry 2001; 3(4)137-141; 5Sporn J, Ann Clin Psychiatr 2000; 12,137-140,6Lattanzi L Bipolar Disord 2002;4,307-14, 7DeBattista J Clin
Psychopharmacol 2000;20, 274-5, 8Ostow M Am J Psychiatry 2002; 15(9)320-1,9Cassano P (2004) Depression and Anxiety 131-8, 10Inoue T (2010) Prog
Neuropsychopharmacol Biol Psychiatry 34, 1446-9, 11Fawcett, J. (2016) The American Journal of Psychiatry, 173(2), 107–11 12Corrigan MH Depress Anxiety 
2000;11,58-60, 
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Pramipexol
Proof of concept in bipolar II

Zarate et al. 2004 Biol Psych 56:54-60

average dose of 1.7mg/d 

(range: 0.375–4.5mg/d)
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Pramipexole augmentation (mean dose of 1.3mg) in TRD 
(n=30 per group, ~ 20 completers). Modest benefit (group 
difference on MADRS was 2.7)
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Randomised placebo-controlled trial of 
pramipexole addition to mood stabilisers for 
treatment-resistant bipolar depression (PAX-

BD)

See mood-disorders.co.uk/PAX-BD

• NIHR HTA funded, multi-centre, study

• To succeed PAX-BD needs to recruit from nearly 
every mental health Trust/Board in the UK
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PAX-D Study

UK based, multi-site placebo controlled randomised study of Pramipexole
augmentation in treatment resistant depression

Target dose=2.5mg

Target n=102 per group

Primary outcome: change in QIDS-SR between baseline and week 12

Follow up: 52 weeks 

Mechanistic Measure at week 2– reward based learning and decision-
making task 

Largest study of pramipexole augmentation in TRD

Mechanistic measure to link mode of action with clinical outcome

Higher dose and longer follow up than previous studies
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