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objectives

 4 dopamine tracts/systems
 Relationship with antipsychotic action & side 

effects

 Typical vs. atypical
 Mechanism of actions

 Side effect profile
 Common & Rare but serious
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#1  Normal Physiology
Dopaminergic (DA) Transmission

DA Tracts

1.  Mesolimbic 

2.  Mesocortical

3.  Nigrostriatal

4.  Tuberoinfundibular

#2  Pathophysiology
Dopamine (DA) Hypothesis

DA Tracts

Desired effect

1.  Mesolimbic 

DA system side effects

2.  Mesocortical

3.  Nigrostriatal

4.  Tuberoinfundibular

#2  Pathophysiology
Dopamine Hypothesis

 Activity Dopamine (DA) neurotransmitter pathways 
 Schizophrenia

Evidence
1. Typical Anti-psychotics-block DA receptors

2. Drugs  Dopamine activity  psychosis
 Cocaine, amphetamines, levodopa

3.  Dopamine receptors in schizophrenia pts 

4. Treated schizophrenic pts have  Dopamine breakdown 
products
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From Katzung, pg 483

#2  Binding Affinity & Effectiveness 

#2  FGA’s Anti-psychotics Potency

 D2 antagonists

 Binding affinity strongly correlated with 
clinical anti-psychotic effects

 Ex.

Chlorpromazine (Thorazine)       100 mg  vs. 
Haloperidol (Haldol) 2 mg

#2  Pathophysiology
Dopamine Hypothesis Limitations

 20 - 40% of schizophrenic pts fail to respond 
adequately to treatment w/ antipsychotics

 35% of pts treated w/ typical antipsychotics 
relapse each year

 Antipsychotics (FGA’s) are more effective 
against positive symptoms
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#3  Description of Drugs

 First Generation Antipsychotics (FGA’s)
 Conventional antipsychotics
 Typical antipsychotics
 Neuroleptics
 Major Tranquilizers

 Second Generation Antipsychotics (SGA’s)
 Atypical antipsychotics

#3  Description of Drugs

 First Generation Antipsychotics (FGA’s)
 Thorazine-low potency Haldol-high potency

 Second Generation Antipsychotics (SGA’s)
 Risperidone (Risperdal)  Olanzapine (Zyprexa)

Quetiapine  (Seroquel)   Ziprasidone (Geodon)
Aripiprazole (Abilify)      Paliperidone (Invega)

 Asenapine (Saphris) Lurasidone (Latuda)
Iloperidone (Fanapt)

 Clozapine  (Clozaril)

#3  First Generation Antipsychotics
FGA’s

 Phenothiazines
 Chlorpromazine (Thorazine)

 Thioridazine (Mellaril)

 Fluphenazine (Prolixin)

 Trifluoperazine (Stelazine)

 Perphenazine (Trilafon)

 Magazine (Sports Illustrated)

 Thioxanthines
 Thiothixene (Navane)

 Butyrophenones
 Haloperidol (Haldol)
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#4  Drug Indications
FDA approved
Adults
 Schizophrenia (acute and maintenance)
 Bipolar disorder (acute mania, maintenance, bipolar 

depression)
 Agitation associated with schizophrenia or bipolar disorder

Children & Adolescents
 Schizophrenia
 Autism

#4  Drug Indications

Common uses
Psychosis due to:

Schizophrenia & other psychotic disorders
Bipolar disorder
Major Depression c psychosis
Medical Illness- Delirium, Dementia
Substance induced psychosis

#4  Drug Indications
Clozapine
 3rd line treatment 

 Do trial after failure of at least 2 other antipsychotics

 Greater efficacy with overall psychopathology in 
patients non-responsive to other antipsychotics

 Greater efficacy in the treatment of negative 
symptoms of schizophrenia

 Lowers risk of suicide
 Schizophrenia pt w/ hx of suicide attempts
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#5 Pharmacodynamics
“What the drug does to the body”

 FGA’s
 Dopamine receptors-desired effect & side effects
 Muscarinic receptors-side effect & tx for some 

dopamine side effects
 Histamine receptors-side effects
 Adrenergic receptors-side effects

#5 SGA’s
Pharmacodynamics

 No 2 SGA’s have identical binding properties
 Dopamine: 

D1, D2, D3, D4--desired effect & side effects
 Serotonin: 

5-HT-1A, -2A, -2C—create DA therapeutic window

 Muscarinic: M1

 Adrenergic: α1

 Histamine:  H1

#5 SGA’s Receptor Affinities
Risperidone
(Risperdal)

Ziprasidone
(Geodone)

Quetiapine
(Seroquel)

Olanzapine
(Zyprexa)

Clozapine
(Clozaril)

D2 8.5 8.5 6.1 7.7 6.7

5-HT2A 10 10 7.5 9 8.7

5-HT2C 7.5 9 6 8.5 8.3

Alpha1 8.5 8.5 8 7.5 8.2

M1 -- -- 6 7.5 8

H1 7.3 8.5 7.7 10 8.5

5-HT2A:D2
Affinity ratio

32 32 25 20 100
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#5 The “window” of opportunity

 Treatment of psychosis—block >60-65% of 
dopamine D2 receptors in the mesolimbic tract

 A substantial EPS risk—block >80% of the 
dopamine D2 receptors in the nigrostriatal tract 

 Risk of ↑Prolactin—block >80% of the D2 receptors 
in Tuberoinfundibular tract

#5 Concept of Partial Agonism
 Partial agonist 

 sits on the receptor like an antagonist & blocks the 
receptor from other stimulation

 changes the receptor conformation slightly; G protein 
organization changes slightly & there is a small signal

 In low neuroreceptor stimulation environments
 little agonist activity (the cell is not completely off)

 In high neuroreceptor stimulation environments, 
 exerts antagonist action (the cell is not completely on)

 Partial agonist as a rheostat analogy:
the receptor (light) is neither completely on nor off

#5 Aripiprazole-partial agonist 
Dopamine-Serotonin System Stabilization

 dopaminergic activity environment 
aripiprazole binds to the D2 receptor with 
high affinity (potent) & has a partial agonist 
effect

 dopaminergic activity environment 
aripiprazole has the effect of an antagonist
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#6 Pharmacokinetics
“What the body does to the drug”

 bioavailability IM > PO
 PO, incomplete GI absorption, 1st pass effect

 Peak plasma level
 IM: ~ 30 min   vs.  PO: ~ 1-4 hrs

 90% protein bound; unbound passes through 
blood brain barrier 

 Half-life about 20 hours, steady state 4-7 
days

#6 Elimination Half-Lives

Olanzapine

Quetiapine

Clozapine

Risperidone/
Paliperidone

Ziprasidone

25 50 750
Hours

Aripiprazole

#7 FGA’s Side Effects
Dopamine system side effects
Common
 Nigralstriatal

 EPS
 Parkinsonian, dystonia, 

akathesia
 50-90% pts develop EPS 

 Tardive Dyskinesia
 20-50% pts develop TD

 Tuberoinfundibular
 ↑Prolactin→endocrine problems

Rare but serious
 Neuroleptic Malignant 

Syndrome
 Incidence 0.2%
 Estimated by combining data 

from published studies
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#7 FGA’s Side Effects
Chlorpromazine
(Low potency)

Haloperidol
(High potency)

D2-related
 Extrapyramidal 

(EPS/TD)
 Increased prolactin

++ +++

M1-Anticholinergic
blurred vision, dry
mouth, etc.

+++ 0

Alpha1-related
 Orthostasis +++ 0

H1-related
 Sedation, weight gain +++ 0

#7 Anti-cholinergic side effects

 Blurred vision, urinary retention dry mouth, 
constipation
 “Can’t see, can’t pee, can’t spit, can’t @#$%!!”

 Low potency anti-psychotics: anti-cholinergic
 “Self treating” for EPS

 Risk of EPS 
 high potency >> low potency 

#7 Chronic EPS

 Tardive Dyskinesia
 Involuntary choreoathetotic movements

 Treatment options
 Discontinue typical anti-psychotic

 Switch to atypical anti-psychotic
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#7 FGA’s Side Effects
DA system side effects-prolactin

 Tuberoinfundibular Tract 
 >80% DA blocked →↑prolactin 

 Menstrual Irregularities
 Anovulation, Shortened luteal phase, Oligo- or amenorrhea

 Sexual Dysfunction
 ↓ libido & orgasm inhibition/impotence in both sexes; infertility

 Breast:  
 Engorgement, gynecomastia, galactorrhea

 Bone: 
 Decreased density mediated by estrogen deficiency

#7 FGA’s Side Effects-rare
NMS-Neuroleptic Malignant Syndrome

 Dopamine system goes haywire
Hyperthermia & Muscle rigidity

HR,  &  BP, RR/hypoxia, CPK, 
metabolic acidosis, tremor, incontinence, 
 WBC, diaphoresis/sialorrhea

Tx:  Stop DA blocker; supportive therapy

#7 SGA’s Side Effects

Common
 Metabollic Syndrome

 Weight gain
 Glucose, diabetes
 Cholesterol, 

Triglycerides

Rare but Serious
 Neuroleptic Malignant 

Syndrome
 ↑Mortality in elderly pts 

with Dementia

 QTc elongation 
(ziprasidone)
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#7 Meta-analysis of Antipsychotic-related Weight Gain
Estimate at 10 Weeksa

Allison DB, et al., Am J Psychiatry 1999;156:1686

Weight (kg)

a Quetiapine weight gain estimated at 6 weeks

15

10

5

0

-5

Weight (lb)

*

#7  Adverse Effects of SGA’s
Risperidone
(Risperdal)

Ziprasidone
(Geodon)

Quetiapine
(Seroquel)

Olanzapine
(Zyprexa)

Clozapine
(Clozaril)

D2-related
Extrapyramidal 

(EPS/TD)
Increased prolactin

+/++ + 0/+ + 0

M1-Anticholinergic 0 0 0/+ ++ +++
Alpha1-related
Orthostasis +/++ 0/+ ++ 0/+ +++
H1-related Sedation 0/+ 0/+ +/++ +/++ +++
Weight gain ++ 0/+ ++ +++ +++
Glucose intolerance + 0 + ++ +++
Lipids + 0 + ++ ++

#7  Clozapine

 Why it is a 3rd choice & used in tx refractory 
pts & pt’s w/ high risk suicide

 Many potential side effects; includes:
 Agranulocytosis 
 Lowers seizure threshold
 Sedation
 Hypotension
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#8 Important Drug-Drug 
Interactions

↑ Various Antipsychotic levels 
 ciprofloxacin, erythromycin, ritonavir 

fluoxetine, fluvoxamine 

↓ Various Antipsychotic levels 
 carbamazepine, phenobarbital, phenytoin, 

rifampin

#9 Contraindications

 No absolute contraindications
 After agranulocytosis, restart clozaril?
 After NMS, restart same antipsychotic?

 Clozaril & Tegretol → ↑ risk agranulocytosis
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