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A. Introduction:
a. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM), schizophrenia is a genetically influenced developmental brain disorder that:
i. tends to run in families
ii. may be influenced by environmental (nongenetic factors)
iii. is associated with social and/or occupational dysfunction
iv. usually onsets in late adolescence or early adulthood
v. has greatly varying outcomes 
b. While a small minority makes full recovery, the etiology of the disorder for the majority is either a persistent downward spiral or can be characterized as a series of remissions and exacerbations. 
c. Schizophrenia strikes 1% of population, with 100,000 new cases diagnosed each year and 1.2 million Americans presently having schizophrenia. These individuals are at increased risk of suicide, with 10-15% of them taking their lives within 10 years of developing the disorder. 
B. Symptoms of schizophrenia:
a. The symptoms of schizophrenia are categorized as being either "positive" or “negative” symptoms.  
b. Positive symptoms include:
i. Content of thought: Delusions, paranoia, being controlled by another 
ii. Perception: Hallucinations, especially auditory 
iii. Bizarre behavior
iv. Form of thought: Loose associations and fragmented thoughts 
v. Incoherence
vi. Illogicality
c. "Negative" symptoms include:
i. Affect: Flat, blunted or inappropriate 
ii. Impaired emotional responses or detachment 
iii. Apathy 
iv. avolition: Lack of self-initiated goal-driven activity, Loss of motivation and interest 
v. Relationship to the external world: Social withdrawal, based upon a distortion of the world 
vi. Sense of self: Loss of identity or of ego boundaries, being controlled by an outside force 
vii. Psychomotor behavior: A decrease in reactivity to the environment

C. Pathophysiology of schizophrenia:
a. Research into the causes and underlying mechanisms of schizophrenia first yielded the "dopamine hypothesis", which associated schizophrenia with increased levels of the neurotransmitter dopamine within certain areas of the brain, evidence that supports this belief is: 
i. Traditional antipsychotic drugs are blockers (antagonists) of dopamine2 receptors (D2 receptors).
ii. Blockage of D2 receptors is correlated with clinical effectiveness of antipsychotic agents. 
iii. Cocaine and amphetamine, dopamine agonists, can precipitate or aggravate schizophrenia-like symptoms. 
iv. New antipsychotics are serotonin (5-HT) receptor antagonists

1. Usually 5-HT2 receptors 
v. There is an increased amount of dopamine receptors in the brains of deceased, nondrug-treated schizophrenics as compared to similar drug-treated schizophrenics. 
b. The "neurodevelopment theory of schizophrenia", incorporates the dopamine hypothesis to explain the positive symptoms and at the same time explains the negative symptoms via disturbances of brain development during the prenatal period, in genetically predisposed individuals, possibly caused by external insult or a virus that affects cellular development and migration, or simply the "wiring of the brain.
D. Antipsychotic Overview
a. Antipsychotics, drugs are used therapeutically in the treatment of individuals who have been diagnosed with a psychosis, are also known as:
i. major tranquilizers
ii. neuroleptics
iii. psychotropics
b. Antipsychotic Agents can be divided into 2 general classes: typical and atypical. Typical antipsychotics can be divided into subclasses  based on potency to antagonize D2 receptors)
i. High potency typical antipsychotics have less affinity for other receptors compared to Low potency typical antipsychotics  thus may have less anticholinergic, hypotension, and sedation

ii. High potency typical antipsychotics are associated with more Extrapyramidal symptoms (EPS)

iii. Typical Agents

1. Low Potency

a. Chlorpromazine (Thorazine)

b. Prochlorperazine (Compazine)

c. Thioridazine (Mellaril)

d. Mesoridazine (Serentil)

2. High Potency

a. Perphenazine (Trilafon)

b. Fluphenazine (Prolixin)

c. Haloperidol (Haldol)

d. Thiothixene (Navane) 

e. Trifluoperazine (Stelazine)

f. Pimozide (Orap)

g. Loxapine (Loxitane)

h. Molidone (Moban)

iv. Atypical (second generation)

1. Clozapine (Clozaril)

2. Risperidone (Risperdal)

3. Olanzapine (Zyprexa)

4. Quetiapine (Seroquel)

5. Ziprasidone (Geodon)

6. Aripiprazole (Abilify)
7. Asenapine
8. Illoperidone
9. Lurasidone
10. Paliperidone
c. Differences between typical and atypical agents
i. Typical agents are much weaker in treating negative than positive symptoms. Atypicals much more effective in treating negative symptoms

ii. Atypicals are at least as effective as typicals in treating positive symptoms

iii. Typical agents have higher incidence of anticholinergic side effects and parkinsonian symptoms than atypicals

iv. Typical agents have a higher incidence and cumulative incidence of causing tardive dyskinesia in patients. The incidence is much lower with atypicals

v. Atypicals have elevated risk of causing metabolic side effects (dyslipidemias, diabetes)

d. Overview of Neurological side effects for typical and atypical antipsychotics
i. Extrapyramidal side effects

1. Combination of neurologic effects that include akathisia, dyskinesias, parkinsonian bradykinesia,tremors, chorea, athetosis, and dystonia

2. Related to antagonism of D2 receptors

a. Higher potency agents most likely to cause EPS

3. Akathisia: Motor restlessness; Subjective feelings of anxiety accompanied by restlessness, pacing, rocking back and forth, other repetitive and purposeless actions.
4. Dystonia: Spasm of muscles of tongue, face, neck, and back

5. Parkinsonism: Bradykinesia, rigidity, tremor, masked facies, shuffling gait

6. Dyskinesia: The impairment of the power of voluntary movement, resulting in fragmentary or incomplete movements.
7. Tardive dyskinesia: Potentially irreversible involuntary, dyskinetic movements (Oral-facial dyskinesias, choreathetosis, dystonia)
8. Athetosis: ceaseless writhing movements

ii. Treatment of EPS

1. Agents with anticholinergic properties can reduce or relieve EPS symptoms

2. Benztropine, trihexyphenidyl, and diphenhydramine are useful for akathisia, dystonia, and parkinsonism manifestations

3. Akithisia may also respond to propranolol, amantadine, and lorazepam

iii. Neuroleptic malignant syndrome
1. Serious complication that can occur with typicals and atypicals. Associated with high mortaility rate

2. Clinical Presentations

a. Agitation, confusion, changing levels of consciousness, fever, tachycardia, Severe hypertension

3. Treatment

a. Discontinue offending agent and give supportive therapy

b. Dantrolene and bromocriptine have been used in the treatment of NMS

iv. Hyperprolactinemia
1. Secretion of prolactin is blocked by dopamine. Dopamine antagonism from the antipsychotic causes excess section of prolactin.
2. Clinical Implications

a. Ammenorrhea

b. Galactorrhea

c. Sexual dysfunction

d. Osteoporosis

3. Conventional Antipsychotics and risperidone have the highest liability for induction of prolactin secretion. The remaining atypicals have low likelihood of causing hyperprolactinemia

a. Management: reduce dose or change drug

v. Weight Gain

1. Associated with an increase in appetite

2. Occurs early on in treatment

3. Amount of weight varies with individual patient and with the drug

4. Weight gain is undesirable because may cause increased hypertriglyceridemia, decreased HDL, insulin resistance, and diabetes.

5. Diet and exercise can help reduce these risks

6. Olanzapine>Quetiapine>Risperidine> paliperidone, iloperidone> Ziprasidone> Aripiprazole, asenapine, lurasidone in term of significant weight gain
7. Monitor weight gain: 

a. weight at baseline then every month for 3 months and then quarterly

b. Appropriate nutrition and physical activity

c. Switch to agent with low weight gain potential if patient gains (5% weight gain, patient at risk for diabetes, patient on other drugs associated with weight gain

vi. Diabetes

1. Increased incidence of Type 2 diabetes has always been associated with type 2 diabetes even prior to the introduction of antipsychotics

2. However antipsychotic therapy may cause impaired glucose tolerance which can lead to the development of type 2 diabetes
3. Also case reports of patients on antipsychotics developing diabetic ketoacidosis (DKA) which can be lethal if not treated immediately

4. Clozapine, olanzapine, risperidone have the most reports. The FDA has placed warnings in the package insert of all atypical antipsychotics package inserts

vii. Dyslipidemia

1. Clozapine, olanzapine, and quetiapine increase triglycerides the most

2. Monitor lipid panel at baseline and 3 months, then yearly to every 5 years depending on cardiovascular risk factors

3. Possible management modalities 
a. Change antipsychchotic

b. Lifestyle changes

c. Glycemic control

d. Treat with pharmacologic agents (fibric acid derivatives)

e. Dosage forms:

i. Many antipsychotics are available in multiple dosage forms that are useful in various clinical situations

1. Oral solution: Risperidone and aripiprazole

2. Orally disintegrating tablets

a. Olanzapine

b. Clozapine

c. Risperidone

3. Long-acting injectable

a. Risperdal Consta

b. Invega Sustenna (paliperidone)

c. Zyprexa Relprevv (olanzapine)

d. Haloperidol decanoate

e. Fluphenazine decanoate

E. Typical Antipsychotics: Phenothiazines

a. Phenothiazine derivatives encompass the largest class of typical agents

b. The prototypical phenothiazine is chlorpromazine (Thorazine).  
i. Other phenothiazines include:
1. Prochlorperazine (Compazine)
2. Fluphenazine (Prolixin)
3. Trifluoperazine (Stelazine) 
4. Thioridazine (Merraril)
c. Other uses of  phenothiazines include:
i. treatment of nausea and vomiting 
ii. preoperative sedation
iii. Relieve severe itching 
iv. Intractable hiccups
v. Management of  psychotic component accompanying manic episodes 
d. Clinical Pharmacology

i.  Both the therapeutic and the most serious of the side effects, associated with the phenothiazines, are based upon them being competitive antagonists for dopamine (D), specifically the dopamine2 receptors (D2). D2 receptors are also found in: 
1. Limbic system: Increased dopaminergic activity in the neurons within the nucleus accumbens, amygdala and hippocampus that regulate the expression of emotion and the prefrontal cortex, which integrates thought and emotion, are associated with the positive symptoms of schizophrenia. It is believed that these symptoms may be the product of inappropriate learning, as the brains pleasure or reinforcement areas are located here. This area of the brain receives its input from neurons within the mid brain area of the brain stem. By reducing the dopaminergic activity in these neurons, chlorpromazine: 
a. Decreases paranoia, fear, hostility and agitation. 
b. Reduces the intensity of schizophrenic delusions and hallucinations. 
c. Relieves agitation, restlessness and hyperactivity. 
2. Brain Stem: By blocking dopamine receptors, phenothiazines suppress centers of behavioral arousal, such as the reticular formation, inducing an indifference to external stimuli, reducing the inflow of sensory stimuli that would otherwise reach higher brain areas and in the medulla, exerting anti-vomiting (antiemetic) effects via the chemoreceptor trigger zone. 
3. Basal Ganglia: The most serious side effects of the phenothiazine are caused by their blockade of dopamine receptors within the extrapyramidal system, consisting of the caudate nucleus and the putamen of the basal ganglia.

4. Hypothalamus-pituitary: Phenothiazines suppress the activity dopamine secreting neurons that extend from the hypothalamus to the pituitary gland, the hypothalamus is implicated in: 
a. Emotions: 
b. Eating: Phenothiazines suppress appetite. 
c. Drinking: 
d. Sexual behavior: 
e. Body temperature regulation: Phenothiazines cause wild fluctuations. 
f. Secretions of some pituitary sex hormones: Phenothiazines block ejaculation in men and reduce their libido, also blocked are ovulation and suppression of menstrual cycles in women, which can result in infertility. 
g. Prolactin: A hormone whose release causes enlarged breasts in males and lactation in females.

5. Besides blocking D2 receptors, the phenothiazines also block the receptors of other neurotransmitters including:
a. Acetylcholine: 
i. Dry mouth, 
ii. Dilated pupils, 
iii. Blurred vision, 
iv. Constipation 
v. Urinary retention 
vi. Tachycardia (racing pulse) 
b. Serotonin 
c. Histamine

i. Sedation
ii. Antiemetic effects 
d. Norepinephrine 
i. Hypertension 
ii. Sedation 
e. Adverse Effects of phenothiazines: Like the antidepressants, different phenothiazines are prescribed based upon the efficacy, but due to the intensity of their side effect profile, often the choice of which drug to use and at what dosage is more of a hit and miss strategy based upon the individual's tolerance to the side effects. 
i. The most serious are motor disturbances, based upon the blockade of dopamine receptors within the extrapyramidal system of the basal ganglia. 
1. While taking the medication the patient may develop Parkinson's like symptoms, which are commonly known as the "thorazine shuffle," such as: 
a. Rigidity of limbs 
b. Tremors at rest 
c. Slowed movement 
d. Restlessness 
e. Reduction in spontaneous activity 
2. These symptoms develop when the dopamine concentration in basal ganglia, consisting or the caudate nucleus, putamen and globus pallidus, decrease to 20% of normal, caused by a 70-80% occupancy of dopamine receptors by phenothiazine. 
3. Another serious motor disturbance is tardive dyskinesia, an irreversible, severely disabling disorder that occurs in 8-51% of individuals treated with the phenothiazines, it appears in a few months to years after the beginning of drug treatment.
a. An individual is more likely to develop the disorder if he or she has been treated with high doses of the phenothiazines and is over 50 years of age. 
b. Its symptoms involve involuntary and hyperkinetic movements of the: 
i. Trunk 
ii. Tongue: twisting, darting or pushing 
iii. Face: 
1. Sucking and smacking of lips 
2. Lateral jaw movements 
iv. Choreiform movements of the extremities 
ii. QT prolongation
a. Thioridazine causes dose related QT prolongation
i. Only use this agent if patient has failed other alternatives
iii. Other side effects associated with use of the phenothiazines are: 
a. Sedation 
b. Anticholinergic effects 
c. Postural hypotension 
d. Altered pigmentation of the skin 
e. Pigment deposits in the retina 
f. Permanently impaired vision 
g. Decreased pituitary function 
h. Menstrual dysfunction 
i. Allergic (hypersensitivity) reactions: Liver dysfunction (jaundice) and blood disorders 
j. Cognitive disturbances: Deficits in attention, language, memory, problem solving, judgment, concentration, planning, concept formation
f. Drug Interactions with Phenothiazines:
i. Varies with drug. Recommend to use drug information resource
F. Typical Antipsychotics: Haloperidol: 
a. Clinical Pharmacology

i. In 1967, a butyrophenone, named haloperidol was developed, as the first therapeutic alternative to the phenothiazines that may be used to treat individuals whose psychosis do not respond to the phenothiazines. 
ii. Its pharmacological effects are very similar to the phenothiazines, as it is absorbed through oral administration, metabolized slowly, taking approximately 5 days for 40% of a single dose to be excreted by the kidneys.
iii.  Its mechanism of action, like the phenothiazines, is to competitively block D2 receptors so it also shares the side effect profile with the phenothiazines. 
b. Adverse Effects of haloperidol:
i. Orthostatic hypotension; hypertension; tachycardia; ECG changes.
ii. Tardive dyskinesia
iii. insomnia; restlessness; anxiety; euphoria; agitation; drowsiness; depression; lethargy; headache; confusion; vertigo; seizures; exacerbation of psychotic symptoms;
iv. pseudoparkinsonism (eg, mask-like face, drooling, pill rolling, shuffling gait, inertia, tremors, cogwheel rigidity); muscle spasms; dyskinesia; akathisia, hyper-reflexia
v. Maculopapular and acneiform skin reactions; photosensitivity; hair loss
vi. Cataracts; retinopathy; visual disturbances; mydriasis; increased IOP; nasal congestion
vii. Dyspepsia; anorexia; diarrhea; hypersalivation; nausea; vomiting; dry mouth
viii. Impotence; sexual dysfunction; priapism; urinary hesitancy or retention
ix. Agranulocytosis; leukopenia; leukocytosis; anemia
x. Jaundice; impaired liver function
xi. Menstrual irregularities; breast enlargement; lactation; gynecomastia; hyperglycemia; hypoglycemia; hyponatremia; elevated prolactin levels
c. Drug Interactions with Haloperidol:
i. Anesthetics, opiates, alcohol: May increase CNS depressant effects. 
ii. Anticholinergics: May increase anticholinergic effects. May worsen schizophrenic symptoms, decrease haloperidol serum concentrations, and lead to tardive dyskinesia. 
iii. Carbamazepine: May decrease effects of haloperidol. 
iv. Lithium: May induce disorientation, unconsciousness, and extrapyramidal symptoms. 
Comparison of ADRs of Typical Antipsychotics

	Drug
	Sedation
	Anticholinergic
	EPS
	Orthostasis

	Chlorpromazine
	High
	High
	Low
	Moderate

	Haloperidol
	Very Low
	Very Low
	Very High
	Very Low

	Fluphenazine
	Low
	Low
	Very High
	Low

	Perphenazine
	Low
	Low
	High
	Low

	Thioridazine
	High
	High
	Low
	High

	Trifluperazine
	Low
	Low
	High
	Low

	Pimozide
	Low
	Low
	High
	Very Low

	Loxapine
	Moderate
	Low
	Moderate
	Moderate


G. Overview:Atypical Antipsychotics
a. Atypicals were developed with the purpose of decreasing tardive dyskinesia and EPS

b. Atypicals have 3 general characteristics

i. Risk of EPS is lower compared to typical antipsychotics

ii. Risk of tardive dyskinesia is less

iii. Drugs have the ability to block 5-HT2 receptors

1. This may be the mechanism for the improvement of negative symptoms and decreased EPS

c. In general have become to be considered as first line agents

d. Drug Interactions

i. Refer to drug information resources

ii. IN general watch in combination with moderate to strong inhibitors of 3A4, 2D6, and 1A2

	Metabolism CYP450 for Atypical Antipsychotics

	Medication
	Major Pathway
	Minor Pathway

	Aripiprazole
	3A4, 2D6
	

	Asenapine
	1A2
	

	Clozapine
	1A2
	3A4, 2D6

	Iloperidone
	3A4, 2D6
	

	Lurasidone
	3A4
	

	Olanzapine
	1A2
	3A4, 2D6

	Paliperidone
	Renal Elimination
	

	Quetiapine
	3A4
	2D6

	Risperidone
	2D6
	

	Ziprasidone
	Aldehyde oxidase
	3A4, 1A2


e. Highlights of each atypical is discussed below

H. Clozapine
a. First atypical agent

b. Less potent dopamine antagonist compared to typical agents; 5-HT 2 antagonist

i. Low incidence of EPS and Tardive

ii. Improves negative symptoms

iii. Response seen even those in which typical agents have failed

iv. Adverse effects have ultimately limited the use of this patient
1. Agranulocytosis

a. Decreasing WBC and increasing risk of serious/lethal infections

b. Most likely to occur in first 4-6 months of therapy

c. Incidence is about 1%

d. Patients receive WBC every week for first 6 months then every 2 weeks. Patients are enrolled in registry program. Drug cannot be given without documentation of EBC

e. STOP if WBC falls to <2000/mm3

2. Other Adverse effects

a. Weight gain

b. Sedation

c. Hypersalivation

d. Rapid heart rate

e. Orthostatic hypotension

f. Fever (think infection and agranulocytosis)

g. Possible risk of diabetes

I. Risperidone

a. D2 and 5-HT2 antagonist
b. More potent d2 antagonist compared to clozapine

i. At doses >6mg/day the incidence of EPS may be higher than with lower doses

c. Adverse Effects

i. Tardive Dyskinesia (overall risk is less)

ii. Sedation

iii. Orthostatic hypotension

iv. Weight gain

v. Sexual dysfunction

vi. Hyperprolactinemia

d. Available in PO and Long-acting IM dosage forms

J. Olanzapine

a. Similar to clozapine in structure and receptor affinity

b. Dose not cause agranullocytosis

c. Adverse effects

i. Sedation

ii. Hypotension

iii. Weight gain

iv. Possible risk of diabetes

d. Available in PO and rapid IV dosage forms

K. Quetiapine

a. Low incidence of EPS

b. Less weight gain

L. Ziprasidone

a. Least amount of weight gain

b. May increase QT interval. Use with caution if being using with TCAs or antiarrhythmics

c. Parentral formulation and oral dosage forms available

M. Aripirazole

a. “Aytpical” Aytpical

i. D2/5-HT1 partial agonist and 5-HT2 antagonist
b. Low risk of EPS and tardive dyskenesia

c. Adverse effects

i. Anxiety

ii. Insomnia

iii. Somnolence

iv. Akathisia

v. Weight gain

Comparison of ADRs of Atypical Antipsychotics

	Drug
	Sedation
	Anticholinergic
	EPS
	Orthostasis

	Aripiprazole
	Low
	Very low
	Very Low
	Very low

	Asenapine
	Low
	Very Low
	Low
	Low

	Clozapine
	High
	High
	Very Low
	High

	IIoperidone
	Low
	Low
	Low
	High

	Lurasidone
	Low
	Low
	Moderate
	Low

	Olanzapine
	High
	Moderate
	Low
	Moderate

	Paliperdone
	Low
	Very Low
	Low
	Moderate

	Quetapine
	High
	Moderate
	Very Low
	Moderate

	Risperidone
	Low
	Very low
	Low
	Moderate

	Ziprasidone
	Low
	Very Low
	Low
	Low



