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Dopamine (DA)

• 1910 – synthesis of DA

• 1930 – precursor of NA, A

• beginning of the 1950s – DA is a transmitter

• end of 1950s – DA in the CNS

• beginning of the 1960s – DA level decreases in the CNS in Parkinson’s disease

• It is rather a neuromodulator than a classic excitatory or inhibitory neurotransmitter 

• DA, Tyr, DOPAC oxidation  melanin (dark colour of subst. nigra) 

• DA-, DOPA-kinons (oxidated products) – bounded to -synuclein (Lewy bodies) 



Major dopaminergic (DAergic) pathways in the brain

Goodman & Gilman’s, 12th Ed.



Major DAergic pathways in the brain - simplified

Goodman & Gilman’s, 12th Ed.



4 main pathways of DAergic neurons in the CNS

Pathway Associated w/ Dysfunction

1. Mesolimbic Reward

Learned behaviors

Scizophrenia

Psychosis

Addiction

2. Mesocortical Motivation

Emotion

Impulse control

Cognitive functions

Scizophrenia

Psychosis

ADHD

3. Nigrostriatal Movement regulation Parkinson

Movement side effects 

4. Tuberoinfundibular Regulation of prolactin

secretion

Hyperprolactinemia



Sci Am Mind, Jan/Feb 2017

DA is linked to many facets of experience



Synthesis of DA, NA and A

Periferal DOPA 

decarboxylase inhibitors

Metyrosine

α-methyl-DOPA

α-methyl-NA

-

-

Goodman & Gilman’s, 12th Ed.

Phenylalanine (in food)

phenylalanine 

hydroxylase (liver)

Role of DA in the ANS: 

- in the cardiovascular system

DA-R  β-R  -R

- In the kidney 

natriuresis



Synthesis and inactivation of dopamine

Goodman & Gilman’s, 12th Ed.



Metabolism of DA by catechol-O-methyltraferase 
(COMT) & monoamine oxidase (MAO)

(DOPAC)

(HVA)

Urine

BG Katzung, 12th Ed.



Distribution and characterization of DA receptors in 
the CNS

L/S

Limbic region

Goodman & Gilman’s, 12th Ed.



CNS use of DA receptor agonists
Primary limitations: lack of subtype selectivity

• Parkinson’s disease – e.g. ropinirole, rotigotine

• Hyperprolaktinemia – bromocriptine, cabergoline

• Restless leg syndrome (mild DAergic hypofunction) – ropinirole

• ADHD – selective D4 agonist A-412977 (experimental; no abuse potential;

cognitive improvement well below doses of hyperlocomotion)



Simplified diagram of the organisation of the extrapyramidal 
motor system and the defects that occur

in Parkinson's & Huntington’s disease
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direct pathway

Cortex activation

Activation of the

indirect pathway

Cortex activation

D1 stim. in the striatum

Cortex activation

D2 stim. in the striatum

Cortex activation

PD: excitation of the motor cortex

D1 D2

HD: excitation of the motor cortex



Drugs used to treat Parkinson’s disease

L-amino acid transporter

Rang & Dale’s, 8th Ed.



When daily dosage with chlorpromazine was replaced with a depot injection of fluphenazine, the plasma 
prolactin initally dropped, because of the delay in absorption, and then returned to a high level

Antipsychotics → prolactin secretion 
DA-R agonists → prolactin secretion ↓

DA → PRL ↓

Rang & Dale’s, 8th Ed.



Sign of delight – lip licking

DA – „the pleasure molecule”
or rather prediction of delight

DA agonist (drug)  addiction (disease), e.g., gambling
 enhanced appetite 



CNS use of DA receptor antagonists
Primary limitation: lack of subtype selectivity

• Schizophrenia, psychosis  – 1st & 2nd gen. antipsychotics (e.g. 

chlorpromazine & clozapine)

• Vomiting – antiemetics (metoclopramide; 1st gen. antipsychotics)

• Huntington disease - antipsychotics (severity of choreoathetotic 

movements , but may increase muscle rigidity)

• Tics in Tourette’s syndrome – risperidone, aripiprazole

• Drug addiction – D3 selective antagonist (experimental)



Therapeutic potency of antipsychotic drugs
~ binding affinity for to D1 & D2

BG Katzung, 12th Ed.



Main receptorial affinities of antipsychotics

Goodman & Gilman’s, 12th Ed.



A possible subclassification of 2nd generation antipsychotics
based on receptor binding

• Mixed D2 / 5-HT2A/C antagonists (inverse agonists), (+ 5-HT1A partial agonists & 5-

HT6/7 antagonists):

- tricyclic ones (dibenzepines) – clozapine, olanzapine, quetiapine

- other heterocyclic ones – risperidone, paliperidone, ziprasidone, sertindole

• D2/ D3 antagonists: 

- (sulpiride), amisulpride, tiapride

• D2 partial agonist / 5-HT2 antagonist:

- aripiprazole

• D3 > D2 partial agonist:

- cariprazine



Neurological side effects of antipsychotics

Goodman & Gilman’s, 12th Ed.



Mechanism of vomiting & targets of antiemetics

Goodman & Gilman’s, 12th Ed.



Non-receptorial,

pre- & postsynaptic modulation of

DAergic neurotransmission

Therapeutic uses: - Parkinson’s disease

- Huntington’s disease

- ADHD

- Narcolepsy

- Depression
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Periferal DOPA 

decarboxylase inhibitors
[in Parkinson]

-MAO-A/BIs

-

COMTIs

COMT

Indirectly acting

sympathomimetics
(amphetamine, 

methamphetamine, 

methylphenidate)

[ADHD, Narcolepsy]

α-methyl-DOPA

l-DOPA = levodopa
[in Parkinson]

DA-ergic 

junction

[in Parkinson]

[antidepressant/ in Parkinson]

BG Katzung, 12th Ed.

DA receptors

DA

DA

DAT

(Locomotor)

activity 

, tetrabenazine (reversible)

[in Huntington’s disease]

Bupropion
[in depression]

DA



Drugs used to treat Parkinson’s disease

L-amino acid transporter
-

Rang & Dale’s, 8th Ed.

3-MDopa = 3-O-methyldopa

3-MT = 3-Methoxytyramine



There are two types of MAO

Substrate Inhibitor

MAO-A 5-HT, NA clorgyline

moclobemide (RIMA)

MAO-B fenilethylamine

DA

selegiline

MAO-A /

MAO-B

Tiramine

DA

iproniazid, phenelzine,

isocarboxazid



MAOIs

Irreversibele,

Non-selective

Reversible,

MAO-A selective (RIMA)

Irreversible,

MAO-B selective



Thanks for your 

attention


