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Abstract: We describe the alterations of classical neurotransmitters and neuropeptides in schizophrenia. In this disease, susceptibility
genes encode GABA (gamma-aminobutyric acid) and glutamate hypofunction and dopamine hyperactivity. A neural network is
developed in the mesolimbic system, the hippocampus and the prefrontal cortex. According to this neural network, dopamine and
serotonin hyperactivity might be due to a reduced presynaptic inhibition through GABAergic and glutaminergic neurons. A survey of
the therapeutic and adverse effects of commonly prescribed and of recently developed second-generation antipsychotic drugs is given.
The interaction with other specific subreceptors of classical neurotransmitters and neuropeptides is suggested to improve the
antipsychotic effect. In the treatment of schizophrenia, pharmacotherapy should be combined with psychoeducation. Accordingly, a
recurrence of psychotic symptoms could be prevented in a long-term treatment.
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1. Introduction

Schizophrenia is a genetic mental illness that affects
1% of the population. Some susceptibility genes of the
disease have been discovered [1]. Schizophrenia
becomes manifest as an acute psychosis with positive
symptoms such as paranoia, hallucinations, and
illusions after a prodromal phase of about seven years
with negative symptoms such as social withdrawal,
mutism and altered emotional reaction [1, 2]. It is a
chronic disease with positive and negative symptoms
and cognitive deficits [2]. In this review, we focus
mainly our study on the paranoid and hallucinatory
form of schizophrenia. In the mesolimbic system and
the hippocampus, dopamine hyperactivity via D2
receptors occurs. Dopamine hyperactivity could be
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caused partly by a reduced presynaptic inhibition
through GABAergic neurons, via GABAA receptors.
Moreover, serotonin (5-HT) hyperactivity via 5-HT2A
receptors occurs and this could be caused through a
reduced presynaptic glutaminergic inhibition of the
serotonergic neurons via NMDA
(N-methyl-D-aspartate) receptors [3]. However, other
classical neurotransmitters (e.g., acetylcholine) acting
at specific subreceptors, adenosine, metabotropic
glutaminergic receptors and nicotinic cholinergic
receptors also play an important role in the
pathophysiology of schizophrenia [4-6].

Some neuropeptides, for example, neurotensin,
cholecystokinin  and  neuropeptide Y  showed
alterations in several brain areas of experimental
animals, in which psychotic symptoms were induced
experimentally [7-12]. NMDA antagonists induced
schizophrenia-like symptoms that can be ameliorated
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by 5-HT2A antagonists, but not by D2 antagonists.

Here, a survey of some susceptiblity genes, such as
catechol-O-methyl transferase, monoamine oxidase,
glutamic acid decarboxylase 67, dysbindin-1 and
neuregulin-1 is given. The coherence between the
genetic localization and the cellular function is also
indicated [3]. Neural networks are important in
developing a multimodal pharmacotherapy and they
have been developed in neurological and psychiatric
diseases such as Alzheimer’s and Parkinson’s disease,
generalized epilepsy and major depression [13, 14]. In
this sense, in schizophrenia neural networks in the
mesolimbic system, the hippocampus and the
prefrontal cortex are here pointed out and we have
also considered in these neuronal networks the
interaction between classical neurotransmitters and
neuropeptides [12].

Schizophrenia is treated by administering
second-generation antipsychotic drugs which are
mostly D2 and 5-HT2A antagonists. The therapeutic
and adverse effects of commonly prescribed
antipsychotic drugs and of recently developed
antipsychotic drugs such as lurasidone cariprazine are
discussed [12, 15]. The interaction with other specific
subreceptors others than D2 and 5-HT2A receptors is
presentend in order to improve the antipsychotic effect
[4, 6, 16, 17]. An additional psychoeducation and
sociotherapy in order to deal better with the adverse
effects and to reduce psychotic symptoms is
considered. Thus, the purpose of this paper is to give
hints to improve the treatment of schizophrenia and
the care of schizophrenic patients in order to achieve a
satisfactory long-term treatment.

2. Alteration of Classical Neurotransmitters
in Schizophrenia

In schizophrenia, after the dopamine hypothesis
was introduced in 1963, the serotonin and glutamate
hypothesis was added [12]. In this disease, the
alterations of classical neurotransmitters in the
mesolimbic system, the hippocampus and the

prefrontal cortex can be considered in a
multi-neurotransmitter system [12]. In these brain
regions, the alteration of neurotransmitters includes
dopamine and serotonin hyperactivity and GABA and
glutamate hypoactivity. Susceptibility genes, not only
encoding dopamine hyperactivity like catechol-O-methyl
transferase and monoamine oxidase, but also encoding
GABA  deficiency such as glutamic acid
decarboxylase 67 and glutamate hypoactivity via
NMDA receptors have been reported [13, 14, 18].

2.1 Dopamine

Dopamine hyperactivity occurs in the mesolimbic
system and the hippocampus via D, receptors (Fig. 1).
Typical neuroleptics are D, antagonists and reduce
dopamine hyperactivity. Atypical neuroleptics or
second-generation antipsychotic drugs are D2 and
5-HT2A antagonists and reduce dopamine and
serotonin hyperactivity [15]. The antipsychotic drug
aripiprazol is a partial D2 agonist and improves
cognitive functions, but impairs motor activities [19].
Dopamine  hyperactivity is  associated  with
polymorphisms of the catechol-O-methyl transferase
gene and reduced dopamine degradation leads to
dopamine hyperactivity and cognitive impairments [20].
The action of the enantiomers (-)-OSU-6,162 and
(+)-OSU-6,162 has been reported, which are partial
agonists at both D2 and 5-HT2A receptors. In clinical
trials, it should be examined whether OSU-6,162 exerts
a sufficient antipsychotic effect or not [21].

2.2 Serotonin

In schizophrenia, 5-HT hyperactivity occurs in the
mesolimbic system and the hippocampus (Fig. 1). The
following question arises, whether 5-HT hyperactivity is
encoded genetically or not. The 5-HT transporter gene
has been examined in patients with psychotic and
affective disorders showing a history of childhood
trauma [22]. It was reported that carriers of the short
allele had increased negative psychological reactions
in comparison to those carrying the long allele [22].



Classical Neurotransmitters and Neuropeptides Involved in Schizophrenia: 573
How to Improve the Therapeutic Effect of the Antipsychotic Drugs

Brain centers involved in schizophrenia
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Fig.1 Neuronal pathways, classical neurotransmitters and neuropeptides involved in schizophrenia.

5-HT: serotonin; Ach: acetylcholine; CB: cannabiniod; CCK: cholecystokinin; DA: dopamine; GABA: gamma-aminobutyric acid,;
Glu: glutamate; NT: neurotensin; TK: tachykinin. The following subreceptors are indicated: alphadbeta2nAch: a subreceptor of the
nicotinic cholinergic receptor; CB1: a subreceptor of the cannabinoid receptor; CCKA: a subreceptor of the cholcystokinin receptor;
D1: a subreceptor of the dopaminergic receptor; D2: a subreceptor of the dopaminergic receptor; GABAA: a subreceptor of the
GABAergic receptor; 5-HT2A: a subreceptor of the serotonergic receptor; 5-HT7: a subreceptor of the serotonergic receptor; M4: a
subreceptor of the muscarinic cholinergic receptor; NK3: a subreceptor of the tachykinin receptor; NMDA (N-methyl-D-aspartate)
receptor: a subreceptor of the ionotropic glutaminergic receptor; NTS1: a subreceptor of the neurotensin receptor. A plus mark
indicates a postsynaptic excitatory impulse; a minus mark indicates a presynaptic inhibitory impulse.
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In mice, schizophrenia-like behavior induced by
MK-801, an NMDA antagonist, could be improved by
alstonine, a D2 and 5-HT2A antagonist and by
ritanserin, a 5-HT2A and 5-HT2C antagonist [23].
From this experiment, it can be concluded that a
reduced glutaminergic presynaptic inhibition via
NMDA receptors of 5-HT2A serotonergic neurons can
induce 5-HT hyperactivity and this can be treated with
5-HT2A antagonists [23].

The newer antipsychotic drug cariprazine has a
partial agonism at D2 and D3 receptors and a 5-HT1A
agonistic effect [4]. It is known that antipsychotic
drugs interfering with other subreceptors than the D2
receptors have therapeutic effects upon negative
schizophrenic symptoms [4]. Olanzapine, a D2 and
5-HT2A antagonist with a great affinity for the
5-HT2A receptor has a superior therapeutic effect
upon negative schizophrenic symptoms than other
antipsychotic drugs [15].

2.3 Gamma-aminobutyric Acid

In the mesolimbic system and the hippocampus (Fig.

1), a decreased presynaptic GABAergic inhibition via
GABA, receptors could contribute to dopamine
hyperactivity via D2 receptors [12].

The concentration changes in dopamine, DOPAC
(3,4-dihydroxyphenylacetic  acid), glutamate and
GABA were examined in the rat hippocampus and the
mPFC (medial prefrontal cortex) in three animal
groups: the first group received a single dose of
MK-801, a NMDA antagonist; the second group was
given a chronic administration of MK-801, and the
third group acted as the control group [24]. In the first
and second groups, the concentrations of dopamine,
DOPAC, glutamate and GABA decreased in the
hippocampus and the mPFC, whereas in the control
group the levels of these neurotransmitters were
unchanged [24]. Besides, cognitive dysfunction in
schizophrenia was found to be associated with
dysfunction in the GABAergic neurotransmission.
Neural circuits are linked to neural synchrony, e.g.,

oscillatory activities of the neurons are synchronized
[25]. Consequently, drugs acting at GABAergic
subreceptors could be novel candidate drugs in the
treatment of schizophrenia [25]. GABAA agonists
which interfere with the alphal or alpha2 subunit of
the GABA receptor could improve cognitive function
or exert an anxiolytic effect [26].

2.4 Glutamate

Glutamate, a mainly excitotoxic, postsynaptic
excitatory and partly presynaptic inhibitory
neurotransmitter was found to have a dysfunction in
schizophrenia in the mesolimbic system, the
hippocampus and the PFC (Fig. 1) [3]. Glutamate acts
on ionotropic glutaminergic receptors, i.e., NMDA,
kainate and AMPA receptors and on metabotropic
glutaminergic receptors [12]. Glutamate hypofunction
at NMDA receptors is encoded by the susceptibility
genes dysbindin-1 and neuregulin-1 [13]. In the
mesolimbic system and the hippocampus, due to the
susceptibility genes, glutaminergic neurons weakly
inhibit via NMDA receptors 5-HT2A serotonergic
neurons (Fig. 1) [12]. It has been reported in an animal
model of schizophrenia that after administration of
MK-801, the extracellular glutamate concentration
was increased in the PFC and that the concentration
was normalized after treatment with risperidone or
paliperidone; that is after the treatment with D2 and
5-HT2A antagonists [27].

Agonists of mGIuUR (metabotropic glutaminergic
receptors), for example mGIlu2/3R agonists or
m5GIuR antagonists could be novel targets in the
treatment of schizophrenia improving positive,
negative and cognitive schizophrenic symptoms,
because they normalize glutamate neurotransmission
in the PFC [6].

2.5 Acetylcholine

Acetylcholine is a postsynaptic excitatory
neurotransmitter that acts on nAchRs and MACchRs
(nicotinic and muscarinic cholinergic receptors).
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Agonists of nicotinic (alpha7 and alpha2beta4) and
muscarinic (M1 and M4) cholinergic receptors could
be important in the treatment of the cognitive
symptoms in schizophrenia [28]. In animal
experiments, it has been shown that positive allosteric
modulators of the alpha2beta4 nicotinic cholinergic
receptors improved cognitive functions [29]. A
positive allosteric modulator of alpha7 nicotinic
cholinergic receptors also improved cognitive
processes [30]. In the section about neural circuits, it
will be shown that in the hippocampus nicotinic
cholinergic neurons activate the GABAergic
neurotransmission (Fig. 1).

M; or My agonists could be of therapeutic benefit in
the treatment of schizophrenia. In the PFC, an
antagonistic interaction between D1 dopaminergic and
M4 muscarinic cholinergic neurons occurs (Fig. 1).
Consequently, M, agonists could reduce D1 dopamine
hyperactivity through an increased presnaptic
GABAEergic inhibition of D1 dopaminergic neurons,
via GABA, receptors [31].

3.  Alteration of
Schizophrenia

Neuropeptides in

Here, in schizophrenia, alterations in the level of
neuropeptides in the mesolimbic system, the
hippocampus and the PFC will be described (Fig. 1)
[7, 9-12]. Besides, the following issue will be
addressed, whether analogues, agonists or antagonists
of neuropeptides could be used as an additional
therapy in schizophrenia [12].

3.1 Cholecystokinin

CCK (cholecystokinin) concentrations were found
to be decreased in the striatum, the nucleus accumbens,
the amygdala and the frontal and temporal cortices in
drug-free  schizophrenic  patients, whereas the
concentration of CCK was augmented in the striatum
and in the frontal and temporal cortices after
neuroleptic treatment [32, 33]. There is a relationship
between CB1 cannbinoid receptors and CCK

immunoreactive neurons in the dorsolateral PFC [16].
In the section about neural circuits, it will be pointed
out that cannbinoid neurons strongly inhibit, via CB1
receptors, CCK neurons in the dorsolateral PFC
(Fig. 1) [16].

An association between the CCKA gene and
persistant auditory hallucination has been reported
[17]. The following question arises, whether CCKA
agonists could be of therapeutic value in the treatment
of persistant auditory hallucinations [17].

3.2 Neurotensin

Neurotensin is one of the most essential
neuropeptides in schizophrenia, because it acts as an
endogeneous neuroleptic. Reduced neurotensin levels
were found in the cerebrospinal fluid of schizophrenic
patients, in the mesolimbic system and in the PFC;
these levels were normalized after neuroleptic
treatment [34]. It is known that NTS1 receptor
agonists show antipsychotic properties [35] and that
neurotensin neurons in the PFC are connected to
serotonergic neurons in the mesolimbic system
through glutaminergic neurons (Fig. 1) [36]. Moreover,
it has been reported that NT69L, a neurotensin
analogue, showed antipsychotic effects in an animal
model of schizophrenia [37].

3.3 Tachykinins (Substance P)

Tachykinins (substance P, neurokinin A and B)
exert their physiological actions via three receptors:
NK1, NK2 and NK3. While substance P is important
in major depression, neurokinin A and B play an
important role in the pathogenensis of schizophrenia
[38]. RO-458,328, a novel NK1 and NKS3 receptor
antagonist could be beneficial in the treatment of
schizophrenia, because an antagonism at NK3
receptors reduced the firing rate of dopaminergic
neurons in the mesolimbic system (Fig. 1) [39, 40].

4. Susceptibility Genes in Schizophrenia

After the development of new genetic techniques,
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some susceptibility genes in schizophrenia have been
discovered [41]. The risk genes neuregulin-1,
dysbindin-1, catechol-O-methyltransferase, monamine
oxidase and glutamic acid decarboxylase 67 will be
considered [41].

4.1 Neuregulin-1

Some haplotypes of the neuregulin-1 gene have
been described as a risk gene for schizophrenia [42].
The neuregulin-1 gene regulates neurotransmitter
receptor expression, including the subreceptor NMDA
2C and the GABA receptor beta unit. Because
neuregulin-1  transcript expression is  reduced,
the haplotypes of the neuregulin-1 gene are
linked to glutamate hypoactivity via NMDA receptors
[42].

4.2 Dysbhindin-1

Reduced mRNA dysbindin-1 levels were found in
the hippocampus of schizophrenic patients [43]. It has
been reported that the haplotype of the dysbindin-1
gene was correlated with the form and severity of the
psychosis [44]. Haplotypes of the dyshindin-1 gene
are linked to glutaminergic dysfunctions in the
hippocampal formation [43].

4.3 COMT (Catechol-O-metyltransferase)

Some haplotypes of the COMT gene are a risk for
schizophrenia. These haplotypes are associated to a
decreased activity of the COMT enzyme. This enzyme
catalyzes the breakdown of dopamine. Due to the
reduced activity of this enzyme, dopamine
hyperactivity occurs in the mesolimbic system and the
hippocampus [13].

4.4 MAO (Monoamine Oxidase)

The isoenzymes MAO-A and MAO-B catalyze the
metabolism of dopamine [45]. Some haplotypes of the
MAO enzyme have been discovered in schizophrenic
patients and they have been correlated with a
decreased degradation of dopamine [45].

4.5 GAD (Glutamic Acid Decarboxylase) 67

GAD 67 has also been described as a susceptibility
gene for schizophrenia with descreased concentrations
of the presynaptic neurotransmitter GABA, which
exerts an inhibitory effect on the projections to the
PFC [46, 47].

5. Schizophrenia: Form the Genetic
Localization to the Cellular Mechanism

The risk genes dysbindin-1, neuregulin-1 and GAD
67 are linked to a glutamate and GABA hypofunction
in the hippocampus and the mesolimbic system (Fig. 1)
[3]. The risk genes COMT and MAO-B are associated
with a decreased dopamine breakdown and hence with
a dopamine hyperactivity in the above-mentioned
brain regions (Fig. 1) [3]. NMDA antagonists can
induce schizophrenia-like symptoms which can be
relieved by 5-HT2A antagonists [3]. The possible
neural networks involved in schizophrenia could be
described as follows (Fig. 1): in the mesolimbic
system, due to the genes dysbindin-1 and neuregulin-1,
glutaminergic neurons weakly inhibit presynaptically
5-HT2A serotonergic neurons which show a high
activity. The serotonergic neurons are connected to
GABAergic neurons. Due to the GAD 67 gene,
GABAergic neurons weakly inhibit presynaptically
D2 dopaminergic neurons which show a high activity.
Tachykinin neurons activate, via NK3 receptors,
dopaminergic neurons. Dopamine hyperactivity is
enhanced through the reduced activity of the COMT
and MAO-B enzymes which leads to a reduced
degradation of dopamine [3]. In the A10 cell group,
dopaminergic and serotonergic neurons activate each
other through D2 and 5-HT2A receptors enhancing
dopamine and serotonin hyperactivity.

GABAergic neurons send  projections to
neurotensin neurons located in the prefrontal cortex,
which transmit a weak activating impulse to
glutaminergic NTS1 receptors.
GABAergic neurons are connected as well to
cholecystokinin neurons located in the prefrontal

neurons via
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cortex, which weakly activate glutaminergic neurons
via CCKA receptors. The glutaminergic neurons
inhibit serotonergic neurons in the mesolimbic system.
Cannabinoid neurons inhibit CCK neurons via CB1
receptors. In the mesolimbic system, GABAergic
neurons weakly inhibit, via GABAA receptors, D1
dopaminergic neurons in the prefrontal cortex which
show a high activity. D1 dopaminergic neurons are
connected to glutaminergic neurons which strongly
inhibit, via NMDA receptors, M4 muscarinic
cholinergic neurons. The latter neurons are connected
to GABAergic neurons. The glutaminergic neurons
located in the prefrontal cortex weakly inhibit, via
NMDA receptors, serotonergic neurons in the
mesolimbic system.

GABAergic neurons located in the mesolimbic
system weakly inhibit, via GABAA receptors, D2
dopaminergic neurons in the hippocampus which have
a high activity. The D2 dopaminergic neurons are
connected to glutaminergic neurons which weakly
inhibit, via NMDA receptors, 5-HT2A serotoninergic
neurons which have a high activity. The 5-HT2A
serotonergic neurons are connected to GABAergic
neurons, while nicotinic cholinergic neurons activate
GABAergic neurons via alphadbeta2 nAch receptors.
Serotonergic neurons with a high activity are activated

through other serotonergic neurons via 5-HT7 receptors.

The glutaminergic neurons in the hippocampus, via
NMDA receptors, weakly inhibit the serotonergic
neurons located in the mesolimbic system.

6. Second-Generation Antipsychotic Drugs

In this section, conventional and some recently
developed second-generation antipsychotic drugs are
discussed. These antipsychotic drugs, which mostly
are D2 and 5-HT2A antagonists, cause less seldom
EPS (extrapyramidal symptoms) than first-generation
antipsychotic drugs such as haloperidol, which are D,
antagonists [12, 15]. The therapeutic effects on
positive and negative schizophrenic symptoms as well
as the adverse effects of these drugs will be also

pointed out.
6.1 Risperidone

Risperidone is a D2 and 5-HT2A antagonist with a
great affinity for the D2 receptor. As a consequence of
its mechanism of action, risperidone causes more
often EPS than olanzapine and quetiapine.
Risperidone has a therapeutic effect also on negative
schizophrenic symptoms, but to the same extent like
olanzapine. It causes hyperprolactinemia, but less
often than haloperidol [15]. A PET study revealed that
the antipsychotic effect is reached, if the D2 receptor
occupancy is between 65%-70% [48].

6.2 Olanzapine

Olanzapine is a D2 and 5-HT2A antagonist with a
greater affinity for the 5-HT2A receptor than
risperidone. Therefore, it causes less seldom EPS than
risperidone and exerts a better therapeutic effect on
negative schizophrenic symptoms than risperidone.
Among these adverse effects are the following: weight
gain, insulin resistance and increase of glucose [15, 48].

6.3 Quetiapine

Quetiapine is also a D2 and 5-HT2A antagonist
with an even greater affinity for the 5-HT2A receptor
than olanzapine. It has a slight tendency to cause EPS
and has a comparable antipsychotic effect to other
antipsychotic drugs [15]. Quetiapine causes increase
of glucose and cholesterol to a smaller extent than
olanzapine and it is a prolactin-sparing antipsychotic
drug [15, 48].

6.4 Ziprasidone

Ziprasidone has a D2 and 5-HT2A antagonistic
effect and an additional antidepressant effect through
a 5-HT1A agonism. It has comparable therapeutic
effects on positive and negative schizophrenic
symptoms like other second-generation antipsychotic
drugs. The occurrence of EPS is reduced [48]. The
metabolic side effects are comparable to those
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induced by olanzapine [15].
6.5 Clozapine

Clozapine has a D3, D4 and 5-HT2A antagonistic
effect. It is known that 10%-30% of the schizophrenic
patients do not respond to an antipsychotic therapy. In
most of these patients, clozapine can ameliorate the
psychotic symptoms. Clozapine has a superior
antipsychotic effect than other antipsychotic drugs and
seldom causes EPS, because it does not interfere with
the D2 receptor. In 3% of the patients treated with
clozapine neutropenia occurred, and in 0.8% of the
patients, agranulocytosis appeared [48]. Clozapine can
cause insulin resistance like olanzapine [15].

6.6 Aripiprazole

Avripiprazole has a partial D2 agonism effect, a
5-HT2A antagonistic effect and a 5-HT1A agonistic
effect. It has comparable antipsychotic effects and it
less often causes weight gain and EPS than other
antipsychotic drugs. It has an additional effect in
major depression and dementia, but the antipsychotic
effect in demented patients is less efficient than when
patients were treated with risperidone [48].

6.7 Asenapine

Asenapine is an antipsychotic drug with D2 and
5-HT2A antagonistic properties. It exerts a good
antipsychotic effect and improves cognitive function.
This effect was proved in an animal model of
schizophrenia. The administration of asenapine
improved the cognitive function and increased the
dopamine and serotonin turnover in some rain
regions [49].

6.8 Lurasidone

Lurasidone is an antipsychotic drug with D2,
5-HT2A and 5-HT7 antagonistic effect and also exerts
an antidepressant effect through a 5-HT1A agonism. It
has good therapeutic effects on positive and negative
schizophrenic symptoms and improves cognitive

function as a consequence of the 5-HT7 antagonistic
effect [50].

6.9 Cariprazine

Cariprazine has a partial agonism at D2 and D3
receptors and has an antidepressant effect through a
5-HT1A agonism. It has comparable antipsychotic
effects like other antipsychotic drugs. It enables a
good quality of life. It remains to be examined
whether cariprazine has a safe therapeutic effect in a
long-term antipsychotic treatment [4].

6.10 OSU-6,162

OSU-6,162 is a novel antipsychotic drug which has
a therapeutic effect not only in schizophrenia, but also
in Parkinson’s and Huntington’s disease. It exerts a
partial agonism at D2 and 5-HT2A receptors. It should
be examined in clinical trials whether OSU-6,162
exerts a safe antipsychotic effect [21].

7. Conclusion

Once the patients have developed an acute
psychosis,  treatment  with  second-generation
antipsychotic drugs is necessary. The commonly
prescribed SGAs (second-generation antipsychotics)
are risperidone, olanzapine, quetiapine, aripriprazole
and clozapine [1]. In clinical trials, it should be
examined whether positive and negative psychotic
symptoms occur again in a long-term treatment of the
disease. Besides, it should be of importance to
compare two groups of patients: one group treated
with SGA’s and the second group treated with SGA’s
and receiving a supporting psychoeducation and
sociotherapy [5]. A reason for recurrence of psychotic
symptoms is the lack of patients’s compliance, i.e.,
that the patients decide on their own to take no longer
the antipsychotic drug. Psychoeducation can be a tool
for the patients to deal with the side effects and can
improve patients’ compliance. Besides, the patients
learn to differentiate between side effects and
psychotic symptoms. They can learn a better inside in
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the disease. It should be important to examine the risk
genes for schizophrenia in a large cohort of patients.
In that way, the treating physician would have a
method to choose the appropriate antipsychotic drug.
A schizophrenic patient having the COMT and
MAO-B genes with a dopamine hyperactivity might
profit from the SGA risperidone which shows a great
affinity for the D2 receptor [3]. Nevertheless, it is
essential to examine antipsychotic drugs interacting
with other specific subreceptors than D2 and 5-HT2A
receptors, for example GABAA, NMDA, nicotinic
cholinergic and metabotropic glutaminergic receptors.
Moreover, it should be investigated whether CCKA

agonists

could ameliorate persistent auditory

hallucinations.
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