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David was first diagnosed with schizophrenia when he was 26 years old. 

At that time he was in his fourth year as an architect student at the 

University of Oregon. David’s life prior to attending the university was 

not unusual. He had many high school friends, he was outgoing, and he 

was exceptionally bright.  Any eccentricities in his behavior during these 

years were attributed to deep passion for everything he did, but 

particularly drawing. While in college, David began to withdraw socially 

during his freshman year. He started college as an art major and he spent 

most of his time immersed in his drawings. At first his artwork earned him 

praise because of his obsession with detail, but later this fixation began to 

take over and he could never complete his assignments. He preferred 

spending time alone and would often be observed wandering aimlessly on 

campus failing to recognize or respond to those who knew him. During his 

3
rd

 year David’s advisor suggested he may do well in architecture since he 

seemed more intrigued with drawings of buildings. David’s sketches were 

becoming increasingly complex and not well suited to his assignments. 

Discussions with his mentors were getting more and more frustrating as 

his elaborations began to reveal his psychosis. David would talk 

enthusiastically about his design concepts only to be met with an outright 

rejection of his increasingly bizarre ideas. By this point David was 

becoming convinced that his professors were concealing their real interest 

in plagiarizing his work by their rejection of it. Rather than continuing to 

work in the student lab in the architecture building David found it 

necessary to do his work in secret because his professors were spying on 

him. Within a few months David was convinced that co-conspirators of the 

plagiarism scheme were tapping his phone and following him everywhere. 

By now he was having great difficulty sleeping and was spending his time 

altering his drawings to conceal the innovations he had made.  

 

After seeing and discussing his recent work David’s parents realized that 

their son needed professional help. Several appointments later he was 

diagnosed with paranoid schizophrenia and given a prescription for 

clozapine. David’s psychiatrist encouraged him to schedule monthly 

appointments and to return to school to finish his architecture degree. 

David remained on the medication for several months and was showing 
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signs of improvement but he felt the medication dampened his creativity 

and made it difficult to draw. His paranoia quickly returned when he 

discontinued medication forcing him to leave school altogether.  During 

our initial visit David’s enthusiasm for architecture was easy to draw 

out—so too was his paranoia of members of the department at the 

university who were conspiring to steal his creations. It wasn’t at all 

unusual for David to hear voices threatening him if he didn’t reveal his 

work. One familiar voice threatened “We know where you live David” on 

numerous occasions.  

 

While David could respond sensibly to questions about his past, he would 

lapse into an incoherent speech where sentences were only loosely 

connected when we discussed his plans about his future. His thoughts also 

seemed to shift unpredictably making it difficult to follow. If one didn’t 

know of his medical condition they might be easily convinced of his 

architectural genius during a rant about building design. 

 

 Of all of the psychological disorders, schizophrenia is perhaps the most serious 

and debilitating. It typically emerges in early adulthood, and although there may be 

periods of remission, schizophrenia is a chronic life-long illness for most patients.  The 

lifetime prevalence of schizophrenia worldwide is about 1% (1 in every 100 individuals 

during their lifetime), but it may be higher in some ethnic groups than others. For 

instance, there appears to be a greater incidence among African Caribbeans living in 

England than any other group.  Schizophrenia is also known to run in families. Sons and 

daughters of schizophrenic parents have a ten fold increase in risk of developing the 

disease than others. And, although the concordance rates among monozygotic twins are 

significantly greater than dizygotic twins there is no consensus on which gene or genes 

are involved. Schizophrenia does appear to have a strong genetic contribution, but 

environmental factors seem to play an even greater role in its etiology. Schizophrenia is a 

complex collection of diseases that affect all aspects of human functioning. It causes 

disturbances in affect, cognitive functions, speech and language, perception, and even 
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movement. The most distinctive, and diagnostic, features of schizophrenia however are 

the presence of psychotic delusions and hallucinations. 

 This chapter discusses psychotic disorders with an emphasis on schizophrenia.  

We will examine its diagnostic criteria, its pathology, and the pharmacological 

approaches to its treatment.  Other psychotic disorders, including schizoaffective 

disorder, delusional disorder, and schizophreniform disorder are not discussed separately 

here because their pathology and treatment do not differ significantly from that of 

schizophrenia.    

 

Defining and Diagnosing Schizophrenia 

 The DSM-IV-TR diagnostic criteria for schizophrenia require that two or more of 

the following symptoms be present for a significant portion of the time during the one 

month preceding its diagnosis:  

1. Delusions.  Delusions are strongly held beliefs that are quite clearly contradictory 

to external evidence. They often consist of misinterpretations of perceptions and 

everyday experiences. The most common theme in schizophrenia seems to be 

delusions of persecution where the individual feels as if they are being watched, 

followed, or ridiculed behind their back. Another common theme is delusions of 

reference that might include feelings that comments by others, song lyrics, 

television personalities, news reports, or passages from books are purposely 

directed at them. Delusion may also be bizarre in that they are clearly impossible 

and not understandable by others who share the same religious and cultural 

experiences. For example, a bizarre delusion may be that one inhabits the body of 
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another or that parts of one’s body have been exchanged with another person.  

Sometimes bizarre delusions include themes of control where one’s thoughts or 

behaviors are being manipulated by others, even aliens.  

2. Hallucinations. Hallucinations are perceptual experiences that are not consistent 

with, or happen in the absence of, external stimuli.  Schizophrenic hallucinations 

may occur in any sensory modality (visual, olfactory, auditory, gustatory, or 

tactile) but auditory hallucinations are the most frequent. The most common 

theme for auditory hallucinations is familiar voices that are quite critical and 

judgmental. For example, a patient may hear, upon passing a woman on the 

sidewalk, “you raped her” or “you hurt that woman”. Voices from God, the Devil, 

or any other supreme being can also occur but these are less frequent. Rarely do 

schizophrenic patients act on commands from auditory hallucinations. Magnetic 

imaging studies conducted while patients are experiencing an auditory 

hallucination suggests that they represent misattributed subvocal speech since 

they activate the same auditory structures as external speech not structures 

associated with hearing speech (Plaze et al., 2006).  

3. Disorganized speech. Often the speech of a schizophrenic is so disorganized, 

fragmented, and incoherent it can be difficult to converse with them. Switching 

topics frequently, excessive detailed elaboration, and grandiose ideas are 

common.  This author spent four hours on a flight from Washington D.C. to 

Portland listening to a schizophrenic describe the origins of matter and the 

universe. Frequently he made up words to describe strange forces that have yet to 

be identified. Challenges to his theory only fueled his conviction and led to even 
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greater fabrication. Occasionally speech can be so disjointed it is referred to as 

word salad.  In these cases individual words are clearly spoken, but there is no 

coherent sentence structure or meaning to utterances.  

4. Disorganized or catatonic behavior. The ability of schizophrenic patients to 

conduct normal activities can also be severely disrupted. Goal directed behavior is 

often thwarted by distractions and changes in plan. Maintaining appropriate 

hygiene, dress, and manners in social settings may also deteriorate over time. In 

extreme examples motor stereotypes and catatonia begin to emerge. Catatonia is a 

state of waxy flexibility where posture can be molded into or held in 

uncomfortable positions for extended periods of time.  

5. Negative symptoms. Schizophrenic symptoms are often described as either 

positive (excessive or distorted) or negative (in absence or deficit). The symptoms 

described in the above examples are positive symptoms since they represent 

exaggerations or distortions of behavior. Examples of negative symptoms might 

include a flat or muted expression, lack of speech, avolition, and long periods of 

non reactive immobility.  A preponderance of negative symptoms tends to occur 

in later stages of the disease and may be associated with greater neural damage. 

The prognosis of patients displaying predominantly negative symptoms is 

typically not good.  

 

 Prior to the discovery of antipsychotic drugs in the 1950s, schizophrenic patients 

were, for the majority, housed in mental institutions with few treatment options. Physical 

restraint was used for severely agitated patients as was insulin administration to 
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dramatically lower blood glucose levels and induce a state if insulin shock—a comatose 

state that was maintained for about an hour. Electric shock therapy (electro convulsive 

therapy or ECT) is still used to treat drug-resistant depression, but it is only rarely used 

on schizophrenic patients that do not respond to drug treatment or they need immediate 

managment.  The rationale behind electroconvulsive shock therapy originally was that 

seizures were never observed during acute schizophrenic states. The induction of a 

seizure may, therefore, prevent the occurrence of psychosis. None of these treatments 

affected to course of schizophrenia and all were essentially replaced as pharmacotherapy 

gained prominence in the late 1950’s.  

 The most widely used surgical procedure was a frontal lobotomy which was 

introduced as a treatment in the late 1930s by the Portuguese physician Antönio Moniz. 

Moniz received the Nobel Prize in 1949 for refining this procedure at a time when there 

were no treatment options for severe schizophrenia. The lobotomy (or leucotomy) 

procedure involved either separating the prefrontal areas from the remainder of the 

frontal cortex by knife cuts, or by destroying these areas with ice picks inserted behind 

the eyes. About 40,000 lobotomies are believed to have been preformed in the United 

States before it was finally banned in all states. The last lobotomies performed in the 

United States were conducted in the late 1980s.  

 

Dr. Walter Freeman performing a prefrontal lobotomy in the US. 
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Brain section revealing the damaged frontal lobes after lobotomy.  

 

Pathology of Schizophrenia: Dopamine Hypothesis 

 The Dopamine Hypothesis of schizophrenia can be traced back to early research 

on the effects of antipsychotic drugs on animals (Carlsson & Lindqvist, 1963; Randrup & 

Munkvad, 1965; ) and to the discovery of the mechanism of action of the first effective 

antipsychotic drugs (van Rossum, 1966). This hypothesis proposes that schizophrenia is 

caused by excessive dopamine activity in the striatum and mesolimbic pathways and 

perhaps a decrease in dopaminergic activity in the prefrontal cortex. A number of 

observations provided early support for this hypothesis including evidence that dopamine 

agonists such as cocaine and amphetamine induced psychotic symptoms. Large doses or 

prolonged use of these drugs can cause positive psychotic symptoms that appear 

indistinguishable from schizophrenic symptoms--a state referred to as amphetamine 

psychosis. Additionally, the psychoses induced by amphetamine, methamphetamine, or 

cocaine are treated with traditional antipsychotic medication that block dopamine (D2) 

receptors. Finally, a number of postmortem studies revealed that psychotic patients had 

increased numbers of dopamine (D2) receptors, which may have contributed to 

hyperactive dopamine activity in the striatum and mesolimbic areas. It is important to 

point out, however, that not all studies have found increased numbers of D2 receptors, 
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particularly studies involving patients who have had schizophrenia for long periods of 

time.   

 Perhaps the most compelling support for the Dopamine Hypothesis comes from 

amphetamine challenge and receptor competition studies.  Amphetamine challenge 

estimates dopamine release by scanning for radioactive markers of dopamine receptor 

occupancy following the administration of amphetamine. Amphetamine increases 

synaptic dopamine by blocking dopamine reuptake and vesicular transporters. When 

compared to matched controls, schizophrenic patients exhibit significantly greater 

dopamine release following amphetamine administration (Abi-Dargham et al., 2000; 

Laurelle, 1998).  Schizophrenic patients also show greater D2 receptor density than do 

normal control subjects. Both of these findings are consistent with the Dopamine 

Hypothesis. In addition, the only predictor of a drug’s antipsychotic efficacy is its ability 

to block dopamine receptors. The ability of a drug to compete with dopamine for D2 

receptors is measured by its capacity to displace a radioactive dopamine ligand. 

Clinically effective doses of antipsychotic drugs are highly correlated with their ability to 

compete for and block D2 receptors as shown in Figure 1 (Seeman et al., 1998). Similar 

correlations are not observed for other receptors types even though additional 

neurotransmitters (e.g., serotonin) have been implicated in schizophrenia. 
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                  Therapeutic Concentrations 

 

Figure 1: Drug concentration required to compete for D2 receptors as a function of 

clinically effective dose. An antipsychotic’s therapeutic dose is nearly identical to its 

concentration needed to occupy 75% of D2 receptors. Drugs lower along the diagonal 

line bind more tightly than dopamine on D2 receptors while those higher along the line 

bind more loosely than dopamine. From Seeman et al., (1998). 

 

 According to the Dopamine Hypothesis the positive symptoms of the disease are 

associated with hyperdopamine activity in the striatum and the mesolimbic system while 

negative symptoms and cognitive impairment result from hypodominergic activity in 

mesocortical pathways to the prefrontal cortex. There appears to be a reciprocal 

relationship between mesocortical and mesolimbic dopaminergic activity such that 

hypodopaminergic functioning in the prefrontal cortex may lead to disinhibition of, and 

therefore increased, mesolimbic dopamine activity (Abi-Dargham et al., 2003; Joyce, 

2003).  Evidence from neuroimaging studies also suggests that schizophrenia is 

associated with hypoactive prefrontal cortices. There is a marked reduction in frontal lobe 

activity in schizophrenic patients when compared to normal controls. This reduction in 
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activity seen in Figure 2 is believed to be associated with hypodopaminergic activity in 

these regions. 

 

Schizophrenic        Normal 

Figure 2: PET images of schizophrenic brain (left) and normal brain (right). The frontal 

lobes are at the top of each image. These images reveal decreases in frontal lobe activity 

in schizophrenics (top of each image) as well as enlarged ventricles (blue areas in the 

center). From Bushbaum, M. & Hazlett, E.A. (1998). 

 

Beyond the Dopamine Hypothesis: NMDA and GABA dysfunction 

 While the Dopamine Hypothesis continues to be the most prominent theoretical 

explanation for schizophrenia, there is also evidence that GABAergic and glutaminergic 

systems are involved. This evidence comes from several observations: First, the drugs 

phenylcyclidine and ketamine, both glutamate NMDA receptor antagonists, produce 

effects that mimic schizophrenia including hallucinations, delusions, though disorders 

and, perhaps most interestingly, negative symptoms. Repeated administration of these 

NMDA antagonists also produces structural changes that resemble those observed in 

schizophrenia. It has been proposed that the psychotic symptoms and neural degeneration 

seen following phenylcyclidine and ketamine administration result from a disruption of 

glutaminergic inervation of GABA neurons in the thalamus and basal forebrain. The 

effect of NMDA receptor blockade, as shown in Figure 3, would be dysinhibition of 
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GABA and an increase in cortical glutamate and acetylcholine activity. Neural 

degeneration, and the negative symptoms of schizophrenia, may result from cortical 

glutamate excitotoxicity (Olney et al., 1999; Stone et al., 2007). Excitotoxicity is a 

process whereby neurons are destroyed when glutamate neurons become depolarized for 

long durations. Prolonged depolarization leads to an excessive influx of Ca
++

 which 

activates several cell-damaging enzymes.   

 Secondly, schizophrenic patients have depressed numbers of NMDA receptors in 

the thalamus and the hippocampus. It is presumed that glutamate dysfunction in these 

subcortical regions leads to excitotoxic glutamate activity in the cortex and the 

development of negative symptoms in later stages of schizophrenia. We will review 

several antipsychotic drugs that may be utilized during early stages of schizophrenia to 

diminish cortical and hippocampal excitotoxicity and to the development of negative 

symptoms of schizophrenia. 

  

 

Figure 3: A simplified model for glutamate excitotoxicity. Hypoactive glutamate in the 

thalamus leads to decreased GABA inhibitory control over glutamate in the frontal 

cortex. Glutamate excitotoxicity causes damage to neurons receiving glutamate in the 

frontal cortex and to GABA neurons in the hippocampus. After Stone et al., (2007). 

 

 

Hippocampus Thalamus 

Frontal Cortex 
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 In summary, the Dopamine Hypothesis has received considerable support during 

the 40 years since it inception. Evidence from the pharmacodynamics of antipsychotics 

drugs, amphetamine induced psychosis, amphetamine challenge, and receptor 

competition studies are all consistent with this hypothesis as an account for the positive 

symptoms of schizophrenia.  Glutamate dysfunction arising from subcortical regions may 

lead to excitotoxic effects of elevated cortical and hippocampal glutamate neurons and 

contribute to the development of negative symptoms often observed during later stages of 

the disease. In the following sections we discuss the evolution of drug therapy for 

schizophrenia and other psychotic disorders. 

 

Pharmacological Treatment of Schizophrenia and Psychotic Disorders 

Phenothiazines 

 

 By the 1950s it is estimated that over one half million patients were hospitalized 

in mental institutions in the United States for schizophrenia. These patients had few non 

surgical treatment options and they typically remained in these institutions for much of 

their adult lives.  The serendipitous discovery of the antipsychotic effects of a class of 

drugs called phenothiazines in the mid 1950s literally changed the lives of most 

schizophrenic patients. The phenothiazine, chlorpromazine (Thorazine) was originally 

used as an antiemetic (anti nausea) agent but it was quickly observed to have remarkable 

sedative properties. Chlorpromazine was used to sedate patients with severe burns or 

trauma as well as to sedate agitated patients prior to surgery. Its first use to treat 

psychotic patients may have occurred in France in 1952 where 38 patients were treated 
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with daily injections (Turner, 2007). Chlorpromazine appeared to relieve the symptoms 

of psychosis in these patients without producing heavy sedation. Within a few years of its 

approval for treating psychosis the number of hospitalized patients in the U.S. was 

reduced by at least one half. Chlorpromazine is credited with liberating hundreds of 

thousands of patients from the harsh and often cruel conditions of mental institutions, but 

it may also have contributed to the simultaneous increase in the homeless population 

wandering the streets of our bigger cities. Patients often discontinued the use of their 

medication as they developed troubling and often serious side effects from it. Once they 

discontinued medication most of these patients found that they were unable to function 

outside of an institution. Many of these schizophrenic patients were unmonitored and 

simply faded into the streets.  

 The mechanisms of action of chlorpromazine were not understood when it was 

first approved by the FDA in 1954, in fact it was alleged to have predominantly sedative 

and antihistamine properties. It was becoming clear, however, that its antipsychotic 

effects were not related to its sedative effects. In other words, patients were not merely 

sedated out of their psychotic symptoms. Since the discovery of the antipsychotic effects 

of chlorpromazine a number of other phenothiazines were introduced. All phenothiazines 

have similar mechanisms of action, but differ to some extent in their side effect profiles. 

 

Mechanisms of Phenothiazine Action 

 The antipsychotic effects of the phenothiazines are mediated by their antagonism 

of dopamine D2 receptors, although they do have partial affinity for other dopamine 

receptor subtypes. Phenothiazines compete effectively with dopamine at these sites 
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thereby decreasing dopamine neural transmission. It is estimated that the phenothiazine 

dose required to obtain a therapeutic effect must be sufficient to occupy between 70 and 

80% of D2 receptors (Seeman et al., 1998). Dopamine D2 receptors are found both 

postsynaptically and as presynaptic autoreceptors in the basal ganglia, the mesolimbic 

system, the hippocampus, the amygdala, and throughout the cortex.  The initial response 

to phenothiazine treatment is an increase in dopamine synthesis and release because of 

autoreceptor antagonism. Chronic blockade of the inhibitory D2 autoreceptors leads to 

upregulation and a greater sensitivity to the inhibitory effects of the autoreceptors on 

dopamine synthesis and release.  The time course of these neuronal adaptations 

corresponds with the lag time to the onset of their antipsychotic effects.  

 The phenothiazines also block norepinephrine α1 and α2 receptors, acetylcholine 

muscarinic receptors, and histamine H1 receptors to different extents and many of the 

undesirable side effects of the phenothiazines are mediated by these receptors. 

 

Side Effects of Phenothiazines 

 The side effects caused by phenothiazines vary depending upon the extent of 

receptor involvement.  Blockade of norepinephrine α1 and α2 receptors results in 

hypotension, tachycardia, and sedation. Blocking muscarinic receptors causes dry mouth 

and eyes, dilated pupils, blurred vision, decreases sweating, and memory impairment. 

Competing with histamine at H1 receptors contributes to its sedative effects.  

 The phenothiazines also cause serious and often debilitating motor effects by 

blocking D2 receptors in the basal ganglia. These symptoms, referred to as 

extrapyramidal symptoms, resemble the motor impairments seen in Parkinson’s 
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disease. Extrapyramidal suggests that these symptoms are caused by disruptions to 

neurons outside of the major pyramidal tracks descending from the medulla. Long-term 

treatment with phenothiazines can lead to a more serious motor disorder called tardive 

dyskinesia. Dyskinesia refers to the involuntary movements and motor tics often of the 

mouth and tongue, and tardive, meaning slow or delayed, comes from the observation 

that these dyskinesias often continue long after the drug has been discontinued.  

Unfortunately there is no treatment for tardive dyskineasia other than terminating the use 

of antipsychotic medication, and even then these disorders may persist. Because of the 

serious motor disorders caused by long-term treatment with phenothiazines, other drugs 

have been developed in attempt to minimize these effects.  However, given that the 

antipsychotic effects and the extrapyramidal effects are both mediated by D2 receptors, 

these efforts have been largely frustrated.  
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Phenothiazines   

Drug Name 

Trade 

Name Half-life Receptor Effects 

Chlorpromazine Thorazine 8-33 hours D2 antagonism 

Fluphenazine Prolixin 15 hours D2 antagonism 
Mesoridazine Serentil 2-9 hours D2 antagonism 
Perphenazine Trilafon 9 hours D2 antagonism 
Prochlorperazine Compazine 4-6 hours D2 antagonism 
Thioridazine Mellaril 7-13 hours D2 antagonism 
Trifluoperazine Stelazine 12 hours D2 antagonism 
Triflupromazine Vesprin 5 hours D2 antagonism 

    
Non Phenothiazines    
Haloperidol Haldol 12-38 hours D2 antagonism 

Loxapine Loxitane 4 hours 

D2, 5-HT2 

antagonism 
Molindone Moban 1.5 hours D2 antagonism 
Pimozide Orap 55 hours D2 antagonism 
    

New Generation Atypical   

Amisulpride Solian 12 hours D2 antagonism 

Aripiprazole Abilify 75 hours 

D2, 5-HT2 

antagonism 

Clozapine Clozaril 5-16 hours 

D2, 5-HT2 

antagonism 

Olanzapine Zeprexa 21-54 hours 

D2, 5-HT2 

antagonism 

Quetiapine Seroquel 6-7 hours 

D2, 5-HT2 

antagonism 

Risperidone Risperdal 20-24 hours 

D2, 5-HT2 

antagonism 

Ziprasidone Geodon 6-7 hours 

D2, 5-HT2 

antagonism, 5-HT1A 

agonist 

 

Table 1: Three Major Classifications of Antipsychotic Drugs 

 

Non Phenothiazine Antipsychotics 

 Haloperidol (Haldol) was the first non phenothiazine used for the treatment of 

psychotic disorders. Although introduced as an antipsychotic in the late 1960s, it wasn’t 

actually approved for this use by the FDA until 1988.  The Pharmacodynamics of 

haloperidol are essentially identical to the phenothiazines even though they are not 
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structurally related to them.  Haloperidol competes for and blocks dopamine D2 receptors 

as effectively as most phenothiazines, so it is an effective antipsychotic, but it also 

produces the severe extrapyramidal side effects mediated by its effects on dopamine D2 

receptors in the basal ganglia described above.  Haloperidol’s effects on norepinephrine 

α1 and α2 and acetylcholine muscarinic receptors contribute to its autonomic effects 

including blurred vision, dizziness, dry mouth and eyes, constipation, and hypotension. 

Haloperidol has less affinity for histamine H1 receptors, so sedation is not as problematic 

as with the phenothiazines. 

 Several other non phenothiazines were developed as alternatives to the 

phenothiazines and to haloperidol in the 1970s including loxapine, molindone, and 

pimozide. These drugs are not discussed in detail here as their mechanisms of 

antipsychotic action are essentially the same as haloperidol with the exception that 

loxapine also competes for and antagonizes serotonin 5-HT2 receptors. Whether this 

contributes to its antipsychotic effects is unknown.  Because their side effect profiles are 

also similar to the phenothiazines and haloperidol they have remained relatively obscure.  

 

New Generation (Atypical) Antipsychotics 

 The 1990s were celebrated as the decade of the brain because of rapid advances 

in the neurosciences and psychopharmacology. During this decade a number of novel 

drugs were developed to treat psychotic disorders without causing serious extrapyramidal 

side effects. The mechanisms of action of these newer drugs also differed from their 

predecessors and for this reason they are referred to as atypical antipsychotics.  The first 

atypical antipsychotic introduced in 1990 was clozapine, this was quickly followed by the 
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introduction of several others listed in Table 1. The atypical antipsychotics all differ 

somewhat in their mechanisms of action, but most antagonize dopamine D2 and serotonin 

5-HT2A receptors to varying extents. We will examine several atypical drugs in some 

detail. 

Clozapine (Clozaril) 

 Clozapine was the first antipsychotic that appeared to improve the symptoms of 

schizophrenia without causing severe extrapyramidal (Parkinsonian-like) effects. In 

addition, clozapine is effective in many patients that don’t respond to phenothiazines and 

it is known to alleviate the negative symptoms and cognitive deficits that are often 

observed in schizophrenia.   

Pharmacodynamics of clozapine 

 Antipsychotic drugs all differ in their affinities for dopamine receptors, and 

dopamine D2 receptors specifically. Drugs that bind more competitively than dopamine 

itself are not displaced when dopamine is present while drugs that bind more loosely can 

be displaced by available dopamine. Furthermore, drugs that bind tightly are all 

associated with a greater incidence of extrapyramidal side effects than drugs that are less 

competitive. It appears that when drugs bind tightly to D2 receptors they disrupt 

dopamine transmission in the basal ganglia causing these side effects. Drugs that are less 

competitive than dopamine in the basal ganglia cause far less disruption to dopamine 

neurotransmission and cause fewer motor side effects. Because there is relatively less 

dopamine present in the mesolimbic system, when compared to the basal ganglia, drugs 

that only bind weakly to D2 receptors can effectively antagonize dopamine in these 
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structures and induce their antipsychotic effects (Seeman et al., 1998; Seeman et al., 

2006).    

 Clozapine only competes weakly with dopamine receptors even though it 

occupies 75-80% of D2 receptors, at least transiently—a level comparable to the 

phenothiazines and haloperidol and illustrated in Figure 1. Therefore, clozapine can be an 

effective antipsychotic without causing extrapyramidal side effects (Seeman et al., 1998). 

In addition to antagonizing D2 receptors, clozapine also antagonizes serotonin 5-HT2A 

receptors.  How antagonism at these receptors mediates its antipsychotic effects, if at all, 

remains unclear.  What is known, however, is that dopamine neurons originating in the 

ventral tegmental area are regulated by excitatory serotonergic activity. Antagonizing 

these excitatory influences does decrease downstream release of dopamine in the nucleus 

accumbens (Broderick, 1992). In addition to weak competition with dopamine at 

dopamine receptors clozapine may also contribute to decreased dopamine release thereby 

enhancing its dopamine antagonistic effects. 

 

Side effects associated with clozapine 

 Although clozapine remains one of the most widely prescribed antipsychotics, it 

is not without significant side effects, one of which can be fatal. Clozapine produces 

considerable sedation in a large proportion of patients. This effect is most likely a result 

of high occupancy of histamine receptors. In addition, dizziness, hypotension, high heart 

rate, dry mouth and eyes, and constipation are all common. These effects are also 

common with phenothiazines and haliperdol and are mediated by activity at 
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noradrenergic α1 and α2, acetylcholine muscarinic, and histamine H1 receptors. Clozapine 

is also associated with an increased risk of hyperglycemia and diabetes.  

 The most serious, but rare side effect of clozapine is a condition known as 

agranulocytosis, which is a life-threatening deficiency of white blood cells. 

Agranulocytosis occurs in approximately 0.8% of patients taking clozapine. It appears to 

be caused by an intermediate metabolite of clozapine which causes excessive oxidative 

stress to white blood cells (Fehsel et al., 2005). Careful monitoring of white cell counts 

during the first year of treatment is an effective way to detect this condition early enough 

to avoid serious consequences to immune system function.   

 

Risperidone (Risperdal) 

 Risperidone was approved by the FDA in 1993 for the treatment of schizophrenia 

and more recently in 2007 for the treatment of schizophrenia and bipolar disorders in 

children and adolescents aged 10-18. It has also been approved to treat autism and 

disruptive behaviors in children. It has been used off label (non FDA approved uses) to 

treat depression, obsessive compulsive disorder, eating disorders, and anxiety disorders.  

Pharmacodynamics of resperidone  

 Resperidone, as with clozapine, competitively blocks both dopamine D2 and 

serotonin 5-HT2A receptors. In addition, it competes with noradrenergic α1 and α2 

receptors. At relatively low therapeutic doses resperidone competes weakly with 

dopamine and has a low risk of extraprymidal side effects. However, at higher 

therapeutic doses resperidone binds tightly with dopamine D2 receptors and can cause 

Parkinsonian motor symptoms (thus its low position on Figure 3). For this reason 
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resperidone may be a first choice for treatment at lower doses or it may be used in 

combination with clozapine for treatment resistant patients.  

 In addition to extrapyramidal side effects, resperidone can cause dizziness, 

sedation, headache, hypotension and high heart rate which are mediated by its 

noradrenergic effects.  Weight gain, hyperglycemia, and an increased risk of diabetes are 

also side effects. The mechanisms responsible for these later effects remain unknown.  

 

Amisulpride (Solian) 

 While not yet approved by the FDA, amisulpride has been used in Europe and 

Australia to treat schizophrenia. Amisulpride has been shown to be as effective as other 

atypical antipsychotics such as clozapine and olanzapine; it isn’t associated with 

hyperglycemia and other metabolic side effects as are the other atypical drugs. In 

addition, amisulpride has been demonstrated to be more effective in treating depression 

associated with psychotic symptoms than other atypical agents (Kim et al., 2007; Vanelle 

et al., 2006). 

Pharmacodynamics of amisulpride 

 Amisulpride is discussed here because its mechanisms of action are unusual when 

compared to other atypical antipsychotics. Amisulpride is a potent blocker of both D2 and 

D3 dopamine receptors but it appears to act preferentially, in low doses, on presynaptic 

autoreceptors. Unlike other atypical antipsychotics it does not block serotonin 5-HT2A 

receptors. Blockade of D2 autoreceptors causes an increase in dopamine synthesis and 

release in these neurons. Consequently, its antidepressant effects are believed to be 

mediated by increased dopamine activity, similar to bupropion (Wellbutrin). Amisulpride 
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at low doses is also more effective than other antipsychotic drugs in alleviating negative 

symptoms (Olié et al., 2006). Amisulpride binds relatively weakly with dopamine 

receptors in the basal ganglia and it therefore produces fewer extrapyramidal side effects 

than traditional antipsychotics (Seeman, 2002).  In addition to fewer and less severe 

extrapyramidal side effects, amisulpride causes less weight gain which is problematic 

with all other atypical antipsychotics.   

 Because amisulpride is as effective as other atypical antipsychotic drugs without 

antagonizing serotonin 5-HT2A receptors, the role of serotonin in atypical antipsychotics 

remains allusive. In animal and human studies, there is no clear relationship between a 

drug’s affinity for serotonin 5-HT2A receptors and extrapyramidal symptoms. In fact, 

resperidone has a high affinity for serotonin 5-HT2A receptors and is known to produce 

these symptoms (Nyberg et al., 1999). The most predictive feature of an antipsychotic’s 

propensity to cause extrapyramidal symptoms is how tightly it competes for dopamine D2 

receptors in the basal ganglia (Kapur et al., 2000; Seeman et al., 1998; Seeman, 2002), 

not for its affinity for serotonergic or cholinergic receptors.  
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Figure 4: Antipsychotic drugs that bind more tightly to dopamine D2 receptors tend to 

produce more severe extrapyramidal side effects (EPS) than do drugs which bind more 

loosely and for shorter durations. From Seeman et al., (1998, 2002).  
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 A large number of studies have reported that schizophrenic patients have 

depressed numbers of NMDA receptors in the thalamus and the hippocampus. It is 

alleged that glutamate dysfunction in these subcortical regions leads to excitotoxic 

glutamate activity in the cortex and to the development of negative symptoms in later 

stages of schizophrenia. Drugs that enhance glutamate activity might therefore be more 

effective in alleviating negative symptoms and cognitive impairment than dopamine 

antagonists by themselves (Javitt et al., 2004).  

 There are several ways to increase glutaminergic NMDA activity. One way would 
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likely increase the rate of glutamate excitotoxicity by activating other glutamate 

receptors. Research has therefore focused on specific NMDA receptor agonists and on 

glycine which modulates glutamate effects on NMDA receptors. Both of these 

pharmacological approaches are being investigated as potential treatments to improve 

negative symptoms with mixed results. In a review of recent research Tuominen et al., 

(2006) reported that the NMDA receptor agonist D-cycloserine seemed ineffective in 

treating negative symptoms, but the glycine receptor agonists glycine and D-serine were 

just marginally effective. These conclusions were confirmed in the large Cognitive and 

Negative Symptoms in Schizophrenia study recently sponsored by the NIH. In this trial 

neither glycine nor D-cycloserine were consistently more effective than a placebo in 

improving negative symptoms in the 157 patients studied (Buchanan et al., 2007).   

 

How are the effects of antipsychotic drugs measured? 

Animal Research 

 In animal studies several models of psychosis have been utilized to investigate the 

effectiveness of antipsychotic drugs. One of the earliest animal models, amphetamine 

induced psychosis, was based on the observations of psychotic behavior in amphetamine 

users.  The most prominent symptoms are those which mimic paranoid schizophrenia and 

they are typically treated in emergency rooms with phenothiazines. In animal studies rats 

or mice are given repeated doses of amphetamine which causes an increase in the 

incidence of stereotyped behaviors (repetitive motor movements). At high doses catatonic 

states (a waxy flexibility) can be observed where animals will hold unusual postures for 

extended periods of time.  Both of these behaviors are easily observed and measured in 
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experimental animals.  Drugs suspected of having antipsychotic properties can be 

administered to animals in amphetamine psychosis to test for their effects. All known 

antipsychotic drugs alleviate amphetamine induced psychosis in laboratory animals to 

some extent.  

 Another animal model, referred to as prepulse inhibition or PPI, is also based on 

abnormalities in the reactions of schizophrenic patients. In this case, however, the 

observation is that psychotic patients don’t appear to filter extraneous stimuli as do 

normal subjects. This is may reflect a deficit in sensorimotor gating which is considered 

to be the brain's ability to close the gate on irrelevant sensory information. In a prepulse 

inhibition experiment a subject is presented with a warning stimulus (a prepulse, typically 

a loud sound) for several milliseconds before being presented with a much more intense 

stimulus (the pulse).  Presentation of the prepulse inhibits the startle response to the pulse 

in normal subjects as shown in Figure 5.  In animal studies prepulse inhibition can be 

disrupted by drugs that agonize dopamine, such as amphetamine or cocaine. Disruptions 

in prepulse inhibition are reversible with antipsychotic medication making this a useful 

animal model for drug investigation.  
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Figure 5: Prepulse inhibition. When normal subjects or animals are presented with a  

prepulse that predicts the pulse stimulus the startle response is inhibited (a-b). Dopamine 

agonists such as amphetamine disrupt prepulse inhibition resulting in a larger startle 

response (c). Antipsychotic medication reinstates prepulse inhibition (d). 

 

Human Research 

 Measuring the effects of antipsychotic medication in human experiments is 

typically done with clinical evaluation scales. For example, the Clinical Global 

Improvement (CGI) scale requires clinicians to rate the changes observed from a baseline 

phase to a treatment follow-up stage in three categories: severity of illness, global 

improvement, and efficacy.  Each of these indices is rated by the clinician to obtain a 

total CGI score. Average CGI scores for different groups of treated patients are then 

compared to determine relative effectiveness of different treatment protocols.  To avoid 

biases in both patient responses and clinician ratings these studies are often conducted in 

a double blind manner where neither the patient nor the clinician knows which 

medication (or placebo) a patient has received. A number of other scales including the 

Positive and Negative Schizophrenic Syndrome Scale for Schizophrenia (PANSS), and 

the Brief Psychiatric Rating Scale (BPRS), are also used in a similar manner. Each of 
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these evaluation scales require clinicians to rate the severity of positive and negative 

symptoms as well as side effects before and after treatment. Often researchers employ 

several of these evaluation scales as well as personal observations in their assessment of 

drug effectiveness.  

  Although most clinical research utilizes evaluation scales to rate changes in 

schizophrenic behavior, some studies are beginning to employ more objective measures 

including startle responses and sensorimotor gating measured by the prepulse inhibition 

(PPI) test mentioned above. In several recent studies involving schizophrenic patients, 

PPI deficits were found to be correlated with symptom severity. That is, patients with 

more severe symptoms or greater cognitive deficits also had greater deficits in 

sensorimotor gating (Hazlett et al., 2007; Swerdlow et al., 2006).  Other studies are using 

PPI to compare the effectiveness of antipsychotic medication in schizophrenic patients 

(e.g., Kumari et al., 2002, 2007; Wynn et al., 2007).  In many of these studies atypical 

antipsychotics seem to be more effective than the phenothiazines or haloperidol in 

reinstating prepulse inhibition. Figure 6 shows the results of a carefully conducted study 

that compared subjects who were taking phenothiazine antipsychotics (e.g., 

chlorpromazine) with subjects who were matched for age, duration of illness, and rating 

scores for the severity of negative symptoms who were taking risperidone. The treated 

groups were also compared to an age-matched group of healthy control subjects.  In this 

study risperidone (an atypical antipsychotic) was more effective than phenothiazine 

treatment in restoring PPI to near-normal values. Researchers speculate that PPI 

restoration is a good predictor of cognitive improvements and decreases in the severity of 
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negative symptoms and might therefore be a valuable test of the effectiveness of newly 

developed antipsychotic drugs. 

 

 

 

 

Figure 6: Comparison of the effects of risperidon and phenothiazine antipsychotic 

medication on prepulse inhibition (PPI) in schizophrenic patients. The bars represent the 

percentage reduction in eyeblink startle responses over baseline. Larger % PPI values 

represents greater prepulse inhibition. Risperidone restores PPI to levels observed in 

healthy control subjects (from Kumari et al., 2002). 

 

How effective is Pharmacological Treatment? 

 There is little doubt that the majority of schizophrenic patients improve with 

medication, particularly with the newer generation antipsychotics, or combinations of 

them, that have minimized the serious motor side effects and the sedation caused by the 

older phenothiazines.  Nevertheless, a significant proportion of these patients do not 

receive additional psychological counseling and psychosocial intervention as 

recommended in the Practice Guideline for the Treatment of Patients with Schizophrenia 

2
nd

, published by the American Psychiatric Association in 2004. Schizophrenia is a 

chronic, degenerative brain disease that at the present can only be managed by the careful 

selection of medication and psychosocial training. While there is no cure for 
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schizophrenia early detection and pharmacological treatment may slow or even suspend 

its progression in many patients.  

 Drug therapy does not work for all schizophrenic patients, however. Estimates of 

the proportion of patients who will respond to pharmacological treatment vary between 

60-85% depending on which drugs were initially prescribed, the duration of illness, and 

whether or not additional medication was tried after an initial non response to treatment. 

Eventually between 75-85% of schizophrenic patients do respond, at least partially, to 

medication. 

 Few viable alternatives to drug treatment for schizophrenia are currently 

available. Patients who do not respond to pharmacological treatment, or who need 

immediate intervention, may respond to electro convulsive therapy (ECT) either alone or 

in combination with antipsychotic medication. Electro convulsive therapy remains 

controversial, but it has been demonstrated to be effective, at least for the short term, for 

refractory or non responding patients (Braga et al., 2005).  
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Chapter 5: Glossary of terms in bold 

 

 

 

positive symptoms symptoms of schizophrenia that are characterized by features that are 

added to normal behavior and functioning. They include delusions, hallucinations, motor 

symptoms, and emotional turmoil. 

 

negative symptoms symptoms of schizophrenia characterized by features removed from 

normal behavior and functioning. They include lack of affect, social withdrawal, 

cognitive impairment, and muscle rigidity. 

 

insulin shock  a comatose state induced by severe hypoglycemia following an injection 

of insulin. Used as an early treatment for schizophrenia. 

 

electric shock therapy the induction of a severe seizure in a patient by delivering electric 

shocks to the head. Used as a treatment for drug resistant schizophrenia and depression. 

 

frontal lobotomy separating the prefrontal areas from the remainder of the frontal cortex 

by knife cuts or by destroying these areas with ice picks inserted behind the eyes. Used as 

an early treatment for severe psychosis. 

 

Dopamine Hypothesis excessive dopamine activity in the mesolimbic-cortical systems 

of the brain underlie schizophrenia and its symptoms. 

 

amphetamine challenge scanning for radioactive markers of dopamine receptor 

occupancy following the administration of amphetamine. A measure of dopamine activity 

in the brain. 

 

receptor competition  the ability of a drug to compete with a neurotransmitter for 

receptor binding is measured by its capacity to displace a radioactive ligand. Used to 

predict drug effectiveness against schizophrenic symptoms. 

 

antiemetic a drug that is used to treat nausea.  

 

antipsychotic a drug that is used to treat symptoms of schizophrenia and other psychotic 

disorders. 

 

extrapyramidal symptoms sever motor impairment following disruptions to neurons 

outside of the major pyramidal tracks descending from the medulla. These symptoms are 

often caused by long-term use of phenothiazine drugs. 

 

tardive dyskinesia involuntary movements and motor tics often of the mouth and tongue 

observed after long-term phenothiazine use.  
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atypical antipsychotics  antipsychotic drugs that differed in their mechanism of action 

from their predecessors, the phenothiazines. Clozapine was the first atypical 

antipsychotic to be widely used. 

 

amphetamine induced psychosis a psychotic state similar to schizophrenia induced by 

amphetamine overdose. 

 

prepulse inhibition  the ability to inhibit a startle response to a strong stimulus if given a 

warning signal or prepulse stimulus. Schizophrenic patients show deficits in prepulse 

inhibition. 

 

 

 


