
INTRODUCTION

Schizophrenia has a prevalence of 1%1). Initial treatment modalities 
were non-pharmacological and included leucotomy, deep insulin coma 
therapy and electroconvulsive therapy. Leucotomy involved surgery to 
pathways in the frontal cortex and was last used in 19542). Deep insulin 
coma therapy was used until it was proven ineffective in the 1950s3). 
Electroconvulsive therapy is indicated today for those with catatonic 
symptoms. The unanticipated discovery of chlorpromazine in the early 
1950s revolutionised the treatment of schizophrenia, paving the way for 
the development of community psychiatry and the closing down of asy-
lums4). During the past half century, first-, second- and third-generation 
antipsychotics were developed and the dramatic growth of research in 
the area of pharmacological treatment of schizophrenia has advanced 
our understanding of the neurobiology and neuropharmacology of the 
illness5). First generation antipsychotics (FGAs) dominated the market 
for 30 years but it soon became clear that their use was associated with 
noticeable side effects, including extrapyramidal side effects (EPSEs), 
tardive dyskinesia and hyperprolactinaemia. Subsequently second gen-
eration antipsychotics (SGAs) were developed and while they have a 
lower propensity for dopamine related side effects (EPSEs and hyper-
prolactinaemia) their use is strongly associated with metabolic side 
effects. It is the purpose of this article to examine changing trends in the 
development of antipsychotics, and the likely reasons behind this.

First Generation Antipsychotics (FGAs)
Chlorpromazine, initially developed as a potentiator for anaesthesia 

was first recognised as having antipsychotic properties in 19526). In 
1958 haloperidol was developed; Arvid Carlsson and Margit Lindqvist 
proposed that both haloperidol and chlorpromazine were involved in 
dopamine receptor blockade7,8). The dopamine pathways are the 
nigrostriatal, mesocortical, tuberoinfundibular and mesolimbic path-
ways9). The relationship between dopamine-2 (D2) receptor occupancy 
and antipsychotic drug effects have been examined and it has been 

shown that higher D2 receptor blockade leads to greater antipsychotic 
effect10). The dopamine hypothesis postulates that positive symptoms are 
correlated with higher levels of dopamine augmenting D2 receptor acti-
vation in the mesolimbic pathway. The theory also suggests that reduced 
levels of dopamine and subsequent reduced D1 receptor activation in 
the mesocortical pathways leads to the negative symptoms of schizo-
phrenia11,12). Thus based on this theory, blockade of D2 receptors in the 
mesolimbic pathway will lead to a reduction of psychotic symptoms13). 
Figure 1, adapted from Kapur et al14), illustrates the dopaminergic path-
ways in the brain.

FGAs are primarily D2 antagonists15). Following the widespread use 
of FGAs there was the recognition of Extra Pyramidal Side Effects 
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(EPSEs). EPSEs include akathisia, dystonia, rigidity, bradykinesia, and 
tremors16). Tardive dyskinesia is characterised by abnormal involuntary 
movements of the lips, jaw, tongue and facial muscles and sometimes the 
limbs and trunk, and has been shown to occur in up to 20% of patients 
treated with FGAs17). D2 antagonism in the nigrostriatal pathway has 
been associated with an increased risk of EPSEs18). Hyperprolactinaemia 
has also been associated with the use of FGAs and is caused by D2 
antagonism in the tuberoinfundibular pathway19). Clinical manifestations 
of hyperprolactinaemia include hypogonadism leading to sexual dys-
function and infertility, breast enlargement and galactorrhea and reduced 
bone mineral density20). FGAs also have a limited ability to treat negative 
symptoms and high doses can cause secondary negative symptoms21).

Prolonged QTc interval on the electrocardiogram is associated with 
torsade de pointes, ventricular arrhythmias and risk of death22). Certain 
antipsychotic medications have been known to affect the QTc interval. 
The mechanism of action of prolonged QTc interval has been postulated 
to be related to potassium channel blockade by antipsychotic medica-
tion23), and the risk of QTc prolongation is dose related24). Among FGAs, 
thioridazine was the antipsychotic most associated with QTc interval 
prolongation and this drug was withdrawn from the market in 2005 due 
to the risk of potentially fatal cardiac arrhythmia25). Other side effects 
from FGAs include sedation, postural hypotension, anticholinergic 
effects and neuroleptic malignant syndrome26).

While FGAs are very effective at D2 receptor blockade in the meso-
cortical pathway (leading to cessation of positive symptoms), they also 
block D2 receptors in the nigrostriatal pathway and the tuberoinfundibu-
lar pathway leading to EPSE's and hyperprolactinaemia respectively. 
Following the recognition of this fact, there have been repeated attempts 
to selectively target the mesolimbic pathway, with the aim being to 
avoid these unwanted side effects whilst still providing an adequate 
amount of dopamine blockade to successfully treat symptoms. Early 

Table 1. adapted from the Psychiatric Expert Group56) shows the relative side effect profiles of SGAs and the FGAs chlorprom-
azine and haloperidol.

 Side effect

Drug EPSE Sedation Weight Gain Hyperglycaemia Anticholinergic Postural hypotension

Risperidone  ++ ++ ++ ++ + ++

Quetiapine  + +++ ++ +++ ++ ++

Olanzapine + +++ +++ +++ +++ +

Clozapine + +++ +++ +++ +++ ++

Amisulpride ++ + + + + +

Haloperidol  +++ + ++ ++ + +

Chlorpromazine  ++ +++ +++ +++ +++ +++

*Frequency of side effects + (0-10%), ++(10-30%), +++ (>30%). 

Table 2. adapted from Stahl65) shows the receptor binding profiles of SGAs and TGAs.
Receptor Drug
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Figure 2. adapted from Leucht et al66) shows the relative efficacy 
of FGAs, SGAs and TGAs.
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developed drugs (sulpride) did not reveal any major success in this 
direction, however other drugs such as amisulpride continue to have 
some role in the market. 

Second generation antipsychotics (SGAs) - Clozapine
Clozapine was discovered by Sandoz in 1959 and was one of the 

first SGAs to be developed27). The discovery of clozapine was serendipi-
tious. Clozapine was found to have a more tolerable side effect profile 
than FGAs with no D2 related side effects28). Clozapine was a prototype 
for further SGAs. It was introduced into the European market in 1975, 
however was voluntarily withdrawn later that same year after reports of 
agranulocytosis and death in some patients in Finland29). Only after sub-
sequent studies had shown that clozapine could be administered safely 
with close monitoring was it given a UK product licence in 199030). 
Numerous studies have shown clozapine to be superior in treatment-re-
sistant schizophrenia, by reducing both positive and negative symptoms 
and preventing future relapses with a response rate of up to 70% in 
patients on long term treatment who were unresponsive to previous anti-
psychotics31). It has also been shown to reduce mortality rates32). The 
CATIE trial found clozapine to be the most effective drug for individu-
als with a treatment resistant schizophrenia, although it was associated 
with troublesome adverse effects33).

Clozapine is a tricyclic dibenzodiazepine that acts at multiple recep-
tor sites including dopaminergic, serotonergic, cholinergic and histamin-
ergic receptors, but it is not yet fully understood which of these interac-
tions are critical for its efficacy34). It has a high affinity for D4 and 
5HT2A receptors and a low affinity for D1, D2 and D3 receptors. Its 
low affinity for D2 receptors and high affinity to 5HT2A receptors is 
thought to be the reason why it has a low propensity for EPSEs and 
hyperprolactinemia35). It has also been suggested that the improvement 
in depressive, cognitive and negative symptoms of schizophrenia seen 
with clozapine could be due to the partial antagonism of 5HT1A recep-
tors36).

The most common side effects of clozapine include sedation, nau-
sea and vomiting, hypersalivation, akathisia, weight gain and hypoten-
sion37). Mild sinus tachycardia is a common feature upon initiation of 
clozapine and an increased risk of seizures has been noted also38,39). 
Clozapine-induced myocarditis is a rare but potentially fatal complica-
tion, with an incidence of approximately 1% and is most likely to occur 
within the first 2 months of initiating treatment40). Though rare, agranu-
locytosis is a potentially life threatening side effect. Around 0.8% of 
patients treated with clozapine will develop agranulocytosis41). It is esti-
mated that one third of patients who are re-challenged with clozapine 
after stopping due to neutropenia will develop a blood dyscrasia reac-
tion that is more rapid and severe than the first42). For this reason it is not 
recommended that a patient who develops neutropenia whilst on clozap-
ine receives it again. Current UK guidelines stipulate mandatory weekly 
monitoring of full blood count for the first 18 weeks, followed by fort-
nightly monitoring for the remainder of the first year and monthly there-
after. Clozapine's use has been limited due to a number of factors 
including difficulty in safe initiation, frequent blood tests and risk of 
serious side effects43).

Other second generation antipsychotics (SGAs)
The gradual discovery of the potentially fatal agranulocytosis asso-

ciated with clozapine led to the development of similar drugs with a 
high 5HT2A/D2 antagonism ratio, with a view to developing a drug 
with similar efficacy but without the risk of agranulocytosis44). This 
approach led to the development of the second generation antipsychot-
ics (SGAs). SGAs are also known as 'atypical' antipsychotics. The term 
atypical was initially used to describe drugs which did not cause cata-
lepsy, had a lower risk of EPSEs and had some efficacy in the treatment 
of negative symptoms45). SGAs target dopamine D1, D2, D3,D4, sero-
tonin 5HT2A and 5HT2C, adrenergic alpha1 and alpha 2, histaminergic 
and muscarinic receptors15,21).

Both FGAs and SGAs are known to cause weight gain46). Clozapine 
and olanzapine have the highest affinity for Histamine 1 and 5-HT2C 
receptors and as such are associated with the largest potential for weight 
gain46). SGAs have also been shown to be associated with the metabolic 
syndrome and the risk of developing diabetes mellitus. One study has 
shown that 6.9% of patients receiving SGAs developed type-2 diabetes 
mellitus over a one year period of treatment with olanzapine47). The 
exact cause of antipsychotic induced diabetes mellitus is unknown as it 
is not always directly associated with weight gain; population based 
studies have found that risk of diabetes in individuals with schizophre-
nia is independent of treatment with antipsychotics48,49). Clozapine, olan-

zapine, and quetiapine have been shown to raise triglyceride levels. 
Conversely risperidone has been demonstrated to have minimal effects 
of triglyceride levels50). The exact mechanism of hyperlipidaemia is 
unknown although it is thought to be related to genetic factors, weight 
gain and diet50).

Hyperprolactinaemia has been shown to be less common with SGAs 
in comparison to FGAs. It is the transient binding of atypical antipsy-
chotics to dopamine receptors that has been postulated to normalise pro-
lactin levels51). This is with the exception of risperidone and amisulpride 
which are known to increase prolactin to similar levels as seen with 
FGAs52). Several meta-analyses have shown that SGAs have lower rates 
of EPSEs when used at recommended doses in comparison to FGAs53). 
Some SGAs have shown a dose related response in the development of 
tardive dyskinesia however this has been shown to be less prevalent in 
comparison to FGAs53). Most SGAs have a dose-dependent response on 
QTc interval. QT prolongation is highest with ziprasidone54) Sertindole 
was withdrawn from the market in 1998 due to the risk of torsade de 
pointes55). Table 1, adapted from the Psychiatric Expert Group56) shows 
the relative side effect profiles of SGAs and the FGAs chlorpromazine 
and haloperidol.

Third generation antipsychotics (TGAs)
Aripiprazole was the primary TGA and was released in 200257). It's 

development set the direction for newer drugs which were equally effi-
cacious, but had a lesser propensity for metabolic side effects and 
EPSEs. Aripiprazole differs in its mode of action in that it is a partial D2 
and D3 agonist as well as a D2 antagonist21). This represented a para-
digm shift in antipsychotic treatment; it was the first antipsychotic 
developed that has D2 agonistic properties. This partial D2 agonism is 
the rationale behind its favourable side effect profile. Aripiprazole has a 
high affinity for the D2 and D3 receptor subtypes, and high affinity also 
at 5-HT1A, 5-HT2A, 5-HT2B and 5-HT7 receptors21). It has been shown 
to affect a number of different intracellular pathways including modula-
tion of scaffolding proteins and activation of gene transcription fac-
tors58). While D2 and D3 partial agonism may explain aripiprazole's 
favourable side effect profile; it is also thought that aripiprazole, as a D2 
partial agonist can act as a functional agonist in areas of low dopamine 
concentration, such as the mesocortical pathway. Low dopamine con-
centrations in the mesocortical pathway is thought to be associated with 
negative symptoms of schizophrenia59).

Aripiprazole has a favourable side effect profile. It has an advantage 
over FGAs and SGAs by having a low risk for hyperprolactinaemia, 
thought to be due to its partial D2 agonistic activity60). Low dose aripip-
razole (5mg once daily) has been found to reduce prolactin levels and 
consequently improve symptoms associated with hyperprolactinaemia61). 
The risk of QTc interval prolongation is also low when compared to 
other antipsychotics, in fact a reduction in QTc interval has been report-
ed62). It has been associated with lower rates of akathisia and therefore a 
lower need for anti-Parkinsonian medication6). It has also been shown 
that aripiprazole is less associated with adverse effects including weight 
gain, sedation and raised cholesterol when compared to olanzapine and 
risperidone64). Table 2, adapted from Stahl65) shows the receptor binding 
profiles of SGAs and TGAs. Figure 2, adapted from Leucht et al66) 
shows the relative efficacy of FGAs, SGAs and TGAs.

The development of lurasidone represents an attempt to avoid some 
of the known side effects typically associated with FGAs and the older 
SGAs; by exploring both agonism and antagonism at various serotonin 
receptors as well as D2 blockade. Lurasidone, a structural analogue of 
ziprasidone, is a full antagonist at D2 and 5-HT2A receptors67). It has a 
strong affinity for 5-HT7 receptors which may have an implication for 
improving cognition68). Lurasidone is a partial agonist at 5-HT1A which 
is linked to antidepressant and pro-cognitive effects. This paved another 
new direction in antipsychotic therapy, and represented a move away 
from treatment of positive symptoms alone. Lurasidone has a moderate 
affinity for alpha 2-noradrenergic receptors and minimal affinity for 
alpha 1-noradrenergic receptors with a subsequent lower risk of ortho-
static hypotension68). Lurasidone has minimal affinity for 5-HT2C recep-
tors and no affinity for H1 histamine receptors thus presenting a low 
risk of weight gain. Its lack of affinity to H1 receptors also predicts a 
lower risk of sedation68). Lurasidone also has a low affinity for M1 cho-
linergic receptors thus reducing the risk of anticholinergic side effects69). 
It has been shown to have no effect on the QTc interval, however, it has 
been shown to be associated with akathisia, EPSE's and hyperprolactin-
emia, particularly in the initiation of treatment69).

Others TGAs include cariprazine and brexpiprazole. Cariprazine 
has been developed as a preferential D3 partial agonist and D2 partial 
agonist. The D3 receptor has been thought to have a role in modulation 
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of mood and cognition70). It has been shown to have a significant 
improvement in terms of symptom response from trial data71,72). 
Following randomised trials the most common side effects have been 
insomnia, EPSEs, sedation, dizziness, nausea and constipation.

DISCUSSION

The Cost Utility of the Latest Antipsychotic Drugs Schizophrenia 
Study (CUtLASS) and Clinical Antipsychotic Trials of Intervention 
Effectiveness (CATIE) compared FGAs and SGAs and both demonstrat-
ed similar levels of treatment response73,74). Both studies did not demon-
strate any effectiveness in the reduction of negative symptoms73,74). 
Clozapine was shown to be more effective than FGAs and other SGAs 
in both the CUtLASS and CATIE studies73,74). The CATIE trial also high-
lighted a 64-83% discontinuation rate from antipsychotic treatment due 
to lack of efficacy, side effects amongst various other reasons73).

In response to the CATIE and CuTLASS studies, the National 
Institute of Health and Clinical Excellence (NICE) updated their guide-
lines in 2009 to recommend that patients newly diagnosed with schizo-
phrenia should be offered oral antipsychotic medication58). The guidance 
did not specify the use of FGAs or SGAs but rather patients should be 
given information about the benefits and side effect profiles of each 
drug before a choice is made58). Clozapine should be offered to patients 
who have not responded to treatment despite the sequential use of ade-
quate doses of at least two different antipsychotic drugs58). The draw-
backs of FGAs and SGAs paved the way for the development of third 
generation antipsychotics (TGAs). The increasing use of SGAs has been 
associated with weight gain, development of diabetes mellitus, and 
increased risk of cardiovascular disease. This in turn has increased the 
risk of premature death and litigation. These concerns have triggered the 
current trend for the development of new antipsychotics without 
unwanted metabolic side effects (TGAs).

Following diagnosis 60% of patients with schizophrenia receive 
state benefits in the first year of treatment which represents a significant 
morbidity75). Long term morbidity is heightened in those that are treat-
ment resistant; even with clozapine treatment a substantial number of 
patients remain resistant to treatment. Since the development of antipsy-
chotic drugs there has been the recognition of significant side effects to 
these treatments. Such side effects can also pose as barriers to compli-
ance with medications and can lead to significant disease burden having 
impacts of patient's physical health. 

Although existing antipsychotic medications are often effective for 
treating positive symptoms, they have little impact on negative symp-
toms and cognitive deficits. These symptom domains are recognised as 
core features of schizophrenia and their lack of responsiveness to treat-
ment contribute to poor functional response. In the past 50 years there 
have been two landmarks in the treatment of schizophrenia. There was 
the initial revelation that dopamine antagonism improved psychotic 
symptoms, however the development of FGAs led to unwanted side 
effects such as EPSEs and raised prolactin. Repeated attempts were 
made to develop selective drugs to block only the mesolimbic pathways 
but there was no real success. However later development of dual action 
D2/5HT2A receptor antagonists has assisted in managing unwanted side 
effects secondary to dopamine antagonism. Retrospectively reviewing 
the past 20 years of antipsychotic treatment there has been recognition 
of increased mortality from metabolic side effects. This has further 
changed the direction of treatment with further research into antipsy-
chotics which pose a low risk of such metabolic side effects. 

Reviewing this it is perhaps imperative that we consider the precise 
aetiopathogenesis of schizophrenia, including genetic and environmen-
tal diatheses, which remains poorly understood. Further research into 
the cure for the illness is vital, rather than just treating the symptoms. 
Until such a point is reached there is a need for further research into 
treatments that are more effective, target all symptom domains and that 
are well tolerated. 
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