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PSYCHOSIS

• a person's capacity, affective response to recognize

reality, communicate, and relate to others is impaired

� schizophrenia,

� mania,

� depression,

� Alzheimer's dementia

� cognitive disorders

hallucinations (auditory, visual, olfactory, gustatory, tactile)

delusions (misinterpretations of perceptions or experiences)



Stephen M. Stahl, 2000
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"Dopaminergic hypothesis of schizophrenia"



DopamineDopamine receptor receptor subtypessubtypes

DA r.DA r. –– partlypartly sensitive to  Adrenaline sensitive to  Adrenaline andand NoradrenalineNoradrenaline, , tootoo

FamilyFamily D1:D1:
D D 1, 51, 5 -- coupledcoupled to to adenylylcyadenylylcyccllasease→→→→→→→→ ↑↑ cAMP cAMP –– excitaexcitatorytory

influenceinfluence

FamilyFamily D2:D2:
DD 2, 3, 42, 3, 4 -- coupledcoupled toto phphososphphodiesterodiesterasease((cAMPcAMP degradationdegradation))

→→→→→→→→ ↓↓↓↓↓↓↓↓ cAMP cAMP -- inhibiinhibi tory tory influenceinfluence



DistribuDistributiontion of of dopamindopaminee receptorreceptorss

cortex

limbic

region

hypophysis

cardiovascular

system

D1 , D2

D1 , D2 , D3 , D4 , D5

D1 , D2 , D4

D2

D1 , D2 , D3 , D4 , D5

striatum



Dopaminergic neurotransmision



Dopamine receptors



Possible modulation of dopaminergic transmistter functions





NIGROSTRIATAL (subt. nigra – basal ganglia)

control of movements

MESOLIMBIC (midbrain VTA – ncl. accumbens)

positive symptoms, euphoria 

MESOCORTICAL (midbrain – limbic cortex)

negative symptoms,

cognitive side effects

TUBEROINFUNDIBULAR

(hypothalamus – anterior pituitary gland)

control of prolactine secretion

4 4 DAergicDAergic brain pathwaysbrain pathways



POSITIVE SYMPTOMS

delusions

hallucinations

disorganised speech

disorganized behaviour

catatonic behaviour

MAIN SYMPTOMS OF SCHIZOPHRENIA





POSITIVE SYMPTOMS

delusions

hallucinations

disorganised speech

disorganized behaviour

catatonic behaviour

NEGATIVE SYMPTOMS

affective flattening (restriction
of emotional expression)
alogia

avolition (general lack of desire,
motivation, difficulty, or inability
to initiate and persist in
goal-directed behaviour )
anhedonia (lack of pleasure)
attention impairment

MAIN SYMPTOMS OF SCHIZOPHRENIA



mesocortical pathway



?? ?? CousesCouses of of hypoahypoacctivitytivity of of mesomesoccortiorticalcal DAergicDAergic pathway pathway ??? ? ________________________
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Bazální
ganglia

Nigrostriatal

extrapyramidal effects

Mesolimbická

Mesokortikální

Tuberoinfundibulární



nigrostriatal pathway →→→→ DA inhibits Ach activity

blockade of DA function → Ach hyperactive

DA

Ach

antipsych.

anti-Ach

consolidation of Ach hyperactivity
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EPSEPS TardivTardivee dyskindyskinesiaesia

Stephen M. Stahl, 2000
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TuberoinfundibulTuberoinfundibularar dopamindopaminergicergic pathwaypathway

HyperprolaHyperprolacctinemitinemiaaBloBlockadeckade of of D2 receptorD2 receptorss



DDopaminopamin ee--SSerotoninerotonin
systemsystem sstabilistabilis erer
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ANTIPSYCHOTIANTIPSYCHOTICSCS ((neuroleptineurolepticscs)

TypicalTypical (I. (I. generationgeneration))

BBasicasic (sedativ(sedativee):): (lower efficacy - doses in hundreds of mg)

chlorpromazine, levomepromazine, chlorprothixen,

thioridazine, clopenthixol

InciIncissivivee: : (higher efficacy - doses in mg or tens of mg)

prochloperazine, phluphenazine, perphenazine, pimozide,

haloperidol, flupenthixole

DEPOT (1x /1 – 3 weeks) – penfluridole, fluphenazine



TYPIC AL

A N T I P S Y CH O T I C S

H1

α1

D2
M 1

D2 blockade = antipsychotic effects
M 1 blockade = dry mouth, diplopia,

constipation
α1 blockade = ↓↓↓↓ BP, dizziness
H1 blockade = drowsiness, weight gain

Stephen M. Stahl, 2000



ANTIPSYCHOTIANTIPSYCHOTICSCS ((neuroleptineurolepticscs)

TypicalTypical (I. (I. generationgeneration))

BBasicasic (sedativ(sedativee):): (lower efficacy - doses in hundreds of mg)

chlorpromazine, levomepromazine, chlorprothixen,

thioridazine, clopenthixol

InciIncissivivee: : (higher efficacy - doses in mg or tens of mg)

prochloperazine, phluphenazine, perphenazine, pimozide,

haloperidol, flupenthixole

DEPOT (1x /1 – 3 weeks) – penfluridole, fluphenazine

AdverseAdverse effectseffects:: EPS, tardive dyskinesia, prolactinemia,
malignant neuroleptic syndrom



NNeurolepticeuroleptic MalignMalignantant SSyndromyndrom

idiosyncratic response (20-30% mortality; in 1-2% treated patients)

5-10 day persistence after the withdrawal of p.o. treatment, 

(3-30 days after injections)

HYPERTERMIA; EPS (rigidity, dysartria, dysforia, tremor),

VEGETATIVE SY. (tachycardia, ↑↑↑↑ BP, tachypnoe, urinary incontinence);

DISORDERS OF BEHAVIOUR & CONSCIOUSNESS (delirium, somnolence, comma,

epileptic paroxysms);

leukocytosis, homeostatic disturbance, ↑↑↑↑hemocoagulation ….



ANTIPSYCHOTIANTIPSYCHOTICSCS ((neuroleptineurolepticscs) ... cont.

AtypicAtypicalal (II. (II. generagenerationtion))

(without EPS, tardive dyskinesia, prolactinemia,

malignant neuroleptic syndrom)

• MARTAMARTA (MMulti-AActing RReceptor TTargeted AAgents)

clozapine, olanzapine, quetiapine

• SDA SDA (SSerotonin-DDopamine AAntagonist)
risperidone, ziprasidone, sertindole

•• D2/D3 D2/D3 antagonistsantagonists

sulpiride, amisulpride

•• DSSS  DSSS  (DDopamine-SSerotonin SSystem SStabilizers)

aripiprazole



TYPIC AL
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More selective for mesolimbic pathways

less EPS

therapeutic efects side effects

D1,2,3,4                                                      α1, α2, M1 , H1

5-HT2A                                                              

D2 blockade = antipsychotic effects
M 1 blockade = dry mouth, diplopia,

constipation
α1 blockade = ↓↓↓↓ BP, dizziness
H1 blockade = drowsiness, weight gain

Stephen M. Stahl, 2000
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5-HT2A D2SDA

SDA (Serotonin-Dopamin Antagonist)
risperidone, olanzapine, sertindol, seroquel

better effect on negative symptoms,
less of EPS (especially at lower dosage)

DA

5-HT SDA

5-HT → inhibition of DA realease

5-HT r. blockade→ ↑↑↑↑ release of DA
= suppression of

impact of D2 blockade

Stephen M. Stahl, 2000



ANTIPSYCHOTIANTIPSYCHOTICC RECEPTORRECEPTOR BINDINGBINDING
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Selective blockade of  D3/D2 autoreceptors in the limbic regionSelectiveSelective blockadeblockade of  Dof  D33/D/D22 autoreceptorsautoreceptors in in thethe limbiclimbic regionregion

Activatioon in the
cortex

Suppression of

negative
(cognitive)

symptoms

ActivatioonActivatioon in in thethe
cortexcortex

SuppressionSuppression ofof

negativenegative
((cognitivecognitive ))

symptomssymptoms

DA  autoreceptors

blockade

Suppression of
anhedonia

DA  DA  autoreceptorsautoreceptors

blockadeblockade

SuppressionSuppression ofof
anhedoniaanhedonia

FRONTAL CORTEXFRONTAL CORTEX

NUCL. ACCUMBENS NUCL. ACCUMBENS 

D3DD33

D3D3

D2D2

D1DD11

facilitation of

DA releasefacilitation
facilitation ofof

DA DA releaserelease

DADADA

DADADA

D2D2

LIMBIC REGIONLIMBIC REGION

D2

D3
VTAVTA

D2/D3 D2/D3 antagonistsantagonists



DopaminergicDopaminergic DD22 rr eceptoreceptor ligandsligands

““ IINTRINSICNTRINSIC AACCTIVITTIVITYY““
abilityability of of ligandligand to to activateactivate receptorreceptor

no activationANTAGONIST
(např. haloperidol . . .)

partial activation
PARTIAL AGONIST
(a r i p i p r a z o l e )

full activation
D2 receptor

full AGONIST
(dopamin)

*

- - -



Influence of dopamin e antagonis t on:
positiv e symptom s and EPS

Suppression of 
positive symptom s

EPSEPS

DADA
inhibiinhibi tiontion

HyperprolaHyperprola cctinemitinemi aa



PhPharmaarma ccologicologic alal mechanismmechanism ss of of antipsychotiantipsychoti cscs

ThereThere isis needneed to to suppresssuppress positivpositiv ee symptomsymptom ss
65 65 –– 70% 70% 

occupationoccupation ofof D2 D2 receptorreceptor ss byby antipsychotiantipsychoti cc..

EPS EPS occursoccurs
upup toto 80% 80% 

occupationoccupation of D2 of D2 receptorsreceptors by by antipsychoticantipsychotic ..

FardeFarde L, et al.: Arch Gen Psychiatry 1992; 49:538L, et al.: Arch Gen Psychiatry 1992; 49:538--544544

IncreaseIncrease inin prolaprola cctintin ee releaserelease isis dosedose dependentdependent
((occupationoccupation ofof D2D2--receptorreceptor ss))..

Schlegel S, et al.: Psychopharmacology (Schlegel S, et al.: Psychopharmacology (BerlBerl) 1996; 124:285) 1996; 124:285--287287



Minimal improvement of
negative symptoms

DA
inhibition

Influence of  d opamin e antagonis t on:
negativ e symptom s



PhPharmaarma ccologicologic alal mechanismmechanism ss of of antipsychotiantipsychoti cscs

FardeFarde L, et al.: Arch Gen Psychiatry 1992; 49:538L, et al.: Arch Gen Psychiatry 1992; 49:538--544544

NegativNegativ ee symptomsymptom ss aandnd aaff fefecctivittivit yy are influenced byare influenced by
antipsychotiantipsychoti cs withcs with antagonistic aantagonistic a cctivittivit yy

aatt 55--HT2A receptorHT2A receptor ss..

BloBlo ckadeckade of of otherother receptorreceptor ss
isis sourcesource of of adverseadverse effectseffects .  .  



suppressionsuppression ofof
positivpositiv ee symptomsymptom ss

withoutwithout EPSEPS

withoutwithout
hyperprolahyperprola cctinemitinemi aa

DADA
stabilizastabiliza tiontion

Influence of DA ergic partial antagonis m on:
positiv e symptom s and EPS



Stabilization of
DAergic signals ImrovementImrovement inin

negativnegativ ee symptomsymptom ss, , cognitioncognition ,, motivamotiva tiontion

Influence of DA partial antagonis m on:
negativ e symptom s



ReceptorReceptor TTherapeuticherapeutic effectseffects AdverseAdverseeffectseffects

D2D2 positive symptoms EPS, 

endocrinological effects

55--HT2AHT2A negative symptoms ??

55--HT1AHT1A negative symptoms

cognitive symptoms

anxiety/depresssion

?

αααααααα11 ?? hypotension

αααααααα22 ?? antihypertensive effects

HH11 sedation sedation,

weight increase

MM 11 suppression of EPS anticholinergic effects

ImpactImpact ofof receptor receptor aacctivittivit iesies onon effectseffects ofof antipsychotiantipsychoti cscs



heteroreceptor 5-HT2A

receptor 5-HT1A

receptor D2

presynaptic postsynaptic

DA

5-HT

aripiprazole

dopamine (DA)

serotonin (5-HT)

receptor 5-HT1A

r. 5-HT1A

- partial agonist at D2 autoreceptors and 5-HT1A somatodendritic receptors
- antagonist at 5-HT2A heteroreceptors of dopaminergic neurons

(Burris at al., 2002; Jordan et al., 2002)

DSSS  DSSS  (DDopamine-SSerotonin SSystem SStabilizers)
ARIPIPRAZOLE suggested mechanisms of action:



heteroreceptor 5-HT2A

receptor 5-HT1A

receptor D2

presynaptic postsynaptic

DA

5-HT

aripiprazole

dopamine (DA)

serotonin (5-HT)

receptor 5-HT1A

r. 5-HT1A

- partial agonist at D2 autoreceptors and 5-HT1A somatodendritic receptors
- antagonist at 5-HT2A heteroreceptors of dopaminergic neurons

(Burris at al., 2002; Jordan et al., 2002)

- partial agonist at D2 autoreceptors→→→→ inbibitioninbibition of DA of DA releaserelease

- partial agonist at 5-HT1A somatodendritic receptors
→→→→ augmentationaugmentationof serotonin of serotonin transmissiontransmission((antianxietyantianxiety,  ,  antidepressantantidepressant

effectseffects))
→→→→ inbibitioninbibition of DA of DA releaserelease

- antagonist at 5-HT2A heteroreceptors of dopaminergic neurons
→→→→→→→→ desinhibitiondesinhibition of DA of DA neuronsneurons((nigrostriatumnigrostriatum , , mesocorticalmesocorticalregion)region)
→→→→→→→→ suppressionsuppressionof negative of negative symptomssymptomsof of schizophreniaschizophrenia

DSSS  DSSS  (DDopamine-SSerotonin SSystem SStabilizers)
ARIPIPRAZOLE suggested mechanisms of action:



Kantrowitz J.T., Citrome L. From MedscapeCME Psychiatry & Mental Health 
Antipsychotics A-Z, 2010, www.medscape.org/viewarticle/718207

ARIPIPRAZOL - main indications:
] 

1. Schizo phrenia in adults and adolescents
(age 13-17)

2. Acute manic or mixed episod es of
bipolar disorder I. 
(as monotherapy or with valpro ate in adults or   
adolescents of age 10-17)

3. Adjun ctive therapy in major depression

4.   Irritability associated with autistic disorder in
pediatric patients (age 6-17)

5. Acute agitation associated with schizophrenia or
bipolar disorder (intramuscularly)



Ramaswamy S, et al. Int Clin Psychopharmacol. 2004;19:45-48. 

Aripiprazole

its high affinity for D2 receptor can displace from that 
binding other antipsychotic with lower affinity

its partial agonistic actvity can produce at least some     
of DAergic effects

this can explain exacerbation of psychosis in some   
patients on exchange of other  antipsychotic 
pharmacotherapy to aripiprazole



INDICATIONS FOR ANTIPSYCHOTICS

• psychoses

• sleeping disorders

• anxiety

• Huntington disease

• Tourett's syndrome

• anesthesiology / neuroleptanalgesia

• nausea, vomitus




