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Abstract:

Background: Therapeutic effects of all clinically used antipsychotics are related to the reduction of dopaminergic transmission in

the limbic system. The aim of present study was two-fold. First, efficacy of atypical drugs (ziprasidone and olanzapine) against

schizophrenia symptoms was compared to that offered by a typical antipsychotic medication, perazine. Second, associations be-

tween some dopaminergic genes polymorphisms and therapeutic response to antipsychotics were assessed in the same group of

schizophrenia patients.

Methods: One hundred ninety one Caucasian patients admitted with exacerbation of paranoid schizophrenia were genotyped for

polymorphisms of the DRD2 [the ins/del -141C (rs1799732) and exon 8 (rs 71653615)], DRD2/ANKK1 Taq IA (rs 1800497), DAT1

(the 40 bp VNTR), COMT (rs 4680), and MAOA gene (the 30 bp VNTR in promoter). The patients were randomly assigned to the

treatment with perazine, olanzapine or ziprasidone given as monotherapy for 3 months. Treatment efficacy was measured from base-

line (T0) to T1 (14 days) and T2 (3 months). A retention rate was also assessed at T1 and T2.

Results: The three antipsychotics did not differ in terms of reduction of the PANSS score or retention rate at the follow-up. There

was no interaction between the investigated polymorphisms and response to the antipsychotic treatment.

Conclusions: The present results suggest that: i) there are no major differences in short-term efficacy or effectiveness of atypical (ol-

anzapine, ziprasidone) and typical (perazine) antipsychotic drugs; ii) the studied polymorphisms are not primarily involved in treat-

ment response to antipsychotics in schizophrenia patients.

Key words:

schizophrenia, pharmacogenetics, olanzapine, perazine, ziprasidone, typical, atypical neuroleptics

528 Pharmacological Reports, 2012, 64, 528�535

Pharmacological Reports
2012, 64, 528�535
ISSN 1734-1140

Copyright © 2012
by Institute of Pharmacology
Polish Academy of Sciences



Introduction

It is widely accepted that most patients with schizo-

phrenia benefit from antipsychotic treatment. How-

ever, benefits of antipsychotic therapy are inconsis-

tent and difficult to predict in individual patients [14,

36]. Pharmacogenetics refers to efforts to dissect the

genetic contributions to individual variation in drug

response [4, 16, 41]. Interindividual differences in

therapeutic benefits and adverse effects of antipsy-

chotic drugs are thought to depend, at least partially,

on inherited factors. However, the current knowledge

of pharmacogenetics of antipsychotic drug response

in acute exacerbation of schizophrenia is based on

relatively few studies [3, 4].

In line with the dopamine theory of schizophrenia,

it is assumed that therapeutic effects of antipsychotic

drugs (typical and atypical) are mainly associated

with blockade of dopaminergic transmission in the

limbic system [8, 36, 40]. Hence, it has been hypothe-

sized that genes regulating dopamine signaling can be

involved in acute response to antipsychotic treatment

in schizophrenia patients. Of the five subtypes of do-

pamine receptors (D1–D5), dopamine D2 receptors

are the most strongly targeted by modern antipsychot-

ics [16, 25]. Several studies have associated D2 recep-

tor genetic variants with response to first- and

second-generation antipsychotics but the results were

inconsistent, based on small samples or largely lim-

ited to Asian population [3]. Studies on the role of ge-

netic variants in the dopamine transporter gene

(DAT1) in antipsychotic drug response were largely

negative [4].

Catechol-O-methyltransferase (COMT) and mono-

amine oxidase A (MAOA) are the major enzymes that

degrade dopamine and other catecholamines [36]. The

COMT Val158Met polymorphisms has been impli-

cated in improvement of working memory and nega-

tive symptoms induced by some antipsychotics [3, 4].

Polymorphisms of the MAOA gene has been rarely

addressed in the context of pharmacogenetics of

schizophrenia.

The aim of the present study was to assess possible

associations between dopaminergic genes and thera-

peutic response to antipsychotic treatment in paranoid

schizophrenia patients. The second aim of the study

was to compare clinical response to atypical (ziprasi-

done and olanzapine) and typical (perazine) antipsy-

chotic medication. Perazine is a phenothiazine deriva-

tive widely used in some European countries, includ-

ing Germany and Poland, and thought to provide

potent antipsychotic and sedative effects combined

with a relatively low risk of extrapyramidal side ef-

fects [20]. Interestingly, recent naturalistic studies

have shown that effectiveness of some typical and

atypical antipsychotics did not differ in real-life clini-

cal settings [22, 23, 28, 37].

In the present study, patients admitted because of

exacerbation of paranoid schizophrenia were ran-

domly assigned to receive perazine, olanzapine or zi-

prasidone as monotherapy for 3 months. At the time

of the study planning, perazine and olanzapine were

the two most widely used antipsychotic drugs in both

recruiting centers and ziprasidone had been intro-

duced to the Polish market. Treatment efficacy was

measured as a percentage reduction from baseline in

the Positive and Negative Syndrome Scale (PANSS)

total score [15]. In addition, a retention rate was as-

sessed as a measure of overall treatment effectiveness

[14, 38]. The patients were genotyped for polymor-

phisms of the DRD2 the ins/del –141C in promoter

region (rs1799732). Functional level of this polymor-

phism is manifested by 21–43% decrease of gene’s

expression in cell cultures in individuals with the al-

lele –141C Del. Possibly also it influences the density

of D2 receptors, as investigations based on PET (Posi-

tron Emission Tomography) showed higher density of

those receptors in striatum in individuals with the al-

lele –141C [13]. The next investigated polymorphism

was in exon 8 (rs 71653615) of DRD2. This polymor-

phism influences the expression of the gene [11].

DRD2/ANKK1 Taq 1A (rs 1800497) – Taq1A has

been discovered to reside in a neighboring gene,

ankyrin repeat and kinase domain containing 1

(ANKK1), located 10 kb downstream from DRD2 – it

is characterized by the substitution of thymine by cy-

tosine (T/C) in the described restriction locus, this

leads to allele A1 and A2 rising and was observed de-

creased density of D2 receptors in striatum in people

with allele A1 and can also modulate the utilization of

glucose in those parts of brain where saturation of D2

receptors are larger [39].

The next investigated polymorphism was DAT1

(the 40 bp VNTR polymorphism) which probably in-

fluences the gene expression. It is also important that

the expression of the dopaminergic gene transporter is

regulated by some other factors, which makes estab-

lishing the meaning of the polymorphism much more

complicated [34].
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Finally, we studied COMT the Val158Met (rs 4680)

polymorphism, which results in a decrease of the activ-

ity level of enzyme 3–4 fold in homozygous objects

Met/Met [17], and MAOA gene (the 30 bp VNTR in

promoter region polymorphism) – (it decreases activity

of the enzyme with 3 – repeated form comparing to the

activity of 4 and 5 repeats alleles [31]). Notably, only

polymorphisms with a functional significance and pos-

sibly involved in a range of psychiatric disorders were

selected for the present study [3].

Materials and Methods

Patients

One hundred and ninety one Caucasian patients of

Polish descent [the mean (± SD) age: 36.1 ± 12.4

years] with paranoid schizophrenia were recruited to

the study in 2 tertiary care university centers (Pomera-

nian Medical University, n = 141 patients; Wroclaw

Medical University, n = 50 patients) between June

2006 and May 2010. The Polish version of CIDI

(Composite International Diagnostic Interview) and

ICD-10 criteria were used to confirm a diagnosis of

paranoid schizophrenia [30].

Exclusion criteria included serious neurological and/or

somatic disorders (e.g., stroke, hepatic insufficiency, dia-

betes). Informed consent was obtained from each partici-

pant using both written materials and verbal description.

The study was done in accordance with the Declaration

of Helsinki and its protocol was approved by the Ethics

Committee of the Pomeranian Medical University.

The study group consisted of 89 men [the mean

(± SD) age: 32.7 ± 10.4 years] and 102 women (38.9 ±

13.2 years). The mean age of the first psychotic episode

in the whole group was 26.2 ± 7.4 years. As expected,

the first episode tended to appear earlier in the male

(24.1 ± 5.9 years) than in female patients (28.1 ± 8.1

years) [14]. Before the admission, subjects remained

free of antipsychotic medications for 3–7 days.

Patients were assigned to the treatment groups (ol-

anzapine, n = 72; ziprasidone, n = 59; perazine,

n = 60) according to the simple randomization method

[9]. The range of doses of ziprasidone (120–160 mg =

equivalent to 200–300 mg/day of chlorpromazine), ol-

anzapine (10–20 mg = equivalent to 200–400 mg/day

of chlorpromazine) [43], and perazine (300–600 mg =

equivalent to 300–600 mg/day of chlorpromazine)

[10] used in the present study were in accordance with the

Polish standards of schizophrenia treatment and followed

manufacturer’s recommendations [12]. All patients were

previously medicated with antipsychotic drugs but none

of the patients was treated with olanzapine, perazine or

ziprasidone before inclusion to the present study.

The patients were assessed with the aid of PANSS

on admission (T0) and after 2 (T1) and 12 weeks (T2)

of monotherapy with olanzapine, perazine or ziprasi-

done. The percentage change in the PANSS total

score from T0 to T1 and from T0 to T2 was a measure

of efficacy of antipsychotic treatment. Patients who

required a change in antipsychotic medication or

dropped out from the study were treated as treatment

failures and their last PANSS score was carried for-

ward (LOCF). The overall measure of effectiveness in

the study was all-cause discontinuation. Higher reten-

tion rate (i.e., lower discontinuation rate) was treated

as better effectiveness [14, 28].

Genetic analysis

Genomic DNA was extracted from leukocytes using

the Miller’s salting out method [27]. PCR (Po-

lymerase Chain Reaction) was performed for amplifi-

cation of genetic material [32]. The next step was

RFLP (Restriction Fragments Length Polymorphism)

or VNTR (Variable Number Tandem Repeat) reac-

tion. The polymorphisms of the DRD2 [2, 13, 33] and

COMT gene [17, 24] were analyzed by using the

PCR-RFLP. The polymorphisms of the DAT1 [26, 40,

42] and MAOA gene [31] were analyzed by using the

PCR-VNTR. Table 1 shows details of primers and

products of PCR reactions.

Statistical analysis

A Hardy-Weinberg equilibrium was assessed using

the SAS software package. In the present study, there

were no deviations from the Hardy-Weinberg law.

The c2 test was used to analyze quantal measures (re-

tention rates, % female patients). A one-way analysis

of variance (ANOVA) was employed to search for

possible differences between the treatment groups in

baseline PANSS scores and age. A two-way ANOVA

(drug × time) was used to compare changes in PANSS

total scores between the treatment groups. A three-way

ANOVA (drug × genotype × time) was used to assess

effects of dopaminergic genes polymorphisms and an-

tipsychotic drugs on changes in PANSS total scores.
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The value of p less than 0.05 was considered sig-

nificant. No correction for multiple comparisons was

applied. Statistical analyses were performed by using

the Statistica 5.0 software package (StatSoft, Tulsa,

Oklahoma, USA). For technical reasons, some pa-

tients were not genotyped for specific polymorphisms.

The numbers of genotypes obtained are shown in

Table 2.

A statistical power was estimated for a predefined

between-genotype difference of 10% in the percent-

age reduction of PANSS scores and group sizes ³ 40

for every genotype studied. Given the distribution of

the percentage reductions in PANSS scores in our pre-

liminary study (Tybura et al., unpublished), a statistical

power to detect the predefined difference with p > 0.05

(two-tailed) in the present study exceeded 0.8.
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Tab. 1. Primers and products of PCR reactions

SNP ID Position Primer name and sequence PCR
product

RE DNA
variant

Allele Frag.
Size
(bp)

rs1800497 11 q23.2
ANKK1

F: 5’- CTT gCC CTC TAg gAA ggA CAT
R: 5’- ACC TTC CTg AgT gTC ATC AAC C

310 Taq I T/C T
C

310
180
130

Rs1799732
R

11 q23.1
promoter

F: 5’- CAA CCC Tgg CTT CTg AgT CC
R: 5’- gAg CTg TAC CTC CTC ggC gAT C

207 MvaI –141 ins/del C C
—-

207
177

rs71653615 11q 23.1
Ex 8

F: 5’- gCC TgT CCT CCC Cgg CTC Tg
R: 5’- ggC AgT gAg gAg CAT ggA gCC AAC

349 Hpa II A/G A
G

349
282

3’VNTR DAT 5p 15.3
3’-UT

F: 5’- TgT ggT gTA ggg AAC ggC CTg Ag
R: 5’- CTT CCT ggA ggT CAC ggC TCA
Agg

440
480
520

—— 40 bp repeat 9 repeats
10 repeats
11 repeats

440
480
520

rs4680 22q 11.2
Ex5

F: 5’- TCg Tgg ACg CCg TgA ATT CAg g

R: 5’- Agg TCT gAC AAC ggg TCA ggC

217 Hsp 92II A/G Val (G)
Met (A)

136
96
81
40

3’VNTR MAO Xp 11.23
promoter

F: 5’- CCC Agg CTg CTC CAg AAA
R: 5’- ggA CCT ggg CAg TTg TgC

269
239
226
209

—— 30 bp repeat 3-5 VNTR 269
239
226
209

Tab. 2. Number of genotypes and allele carriers of investigated genes polymorphisms

Polymorphisms/alleles Homozygotes Carriers

DRD2ins/del-141C promoter region Ins/Ins homozygotes, n = 145
(76.3%)

Del allele carriers, n = 45
(23.7%)

DRD2 exon 8 A/A homozygotes, n = 94
(50.0%)

G allele carriers, n = 94
(50.0%)

DRD2/ANKK1 Taq IA A2/A2 homozygotes, n = 120
(62.8%)

A1 allele carriers, n = 71
(37.2%)

DAT 10/10 repeats homozygotes, n = 118
(62.1%)

9 repeats allele carriers, n = 72
(37.9%)

MAOA 4/4 repeats homozygotes, n = 120
(63.5%)

3 repeats allele carriers, n = 69
(36.5%)

COMT Val/Val homozygotes, n = 53
(30.1%)

Met allele carriers, n = 123
(69.9%)



Results

On admission, the PANSS total score did not differ

between the patients assigned to olanzapine (97.5

± 16.7), perazine (99.8 ± 15.8), and ziprasidone treat-

ment [102.2 ± 18.2; the ANOVA: F (2, 188) = 1.25,

p = 0.20]. We present only total scores because size of

this article is relatively small. In addition, the most

references apply holistic assessment. The treatment

groups did not differ in the mean age (ziprasidone:

36.8 ± 11.4 years, olanzapine: 34.7 ± 12.8 years, pera-

zine: 36.0 ± 12.5 years) or percentage of female pa-

tients (ziprasidone: 55.9%, olanzapine: 52.7%, pera-

zine: 56.6%) (p values > 0.05; the one-way ANOVA

and c2 test, respectively).

The two-way ANOVA confirmed a significant re-

duction in the PANSS score over time in the whole

study group [a time effect: F (1, 188) = 56.19, p <

0.0001]. However, there was no difference in the per-

centage reduction of the PANSS score between the

patients treated with different antipsychotics [a drug

effect: F (2, 188) = 0.74, p = 0.48, a drug × time inter-

action: F (2, 188) = 0.75, p = 0.47; Tab. 3]. Retention

rates at T1 and T2 were also similar for the three treat-

ment groups (p values > 0.05; the c
2 test; Tab. 3).

Table 4 shows a summary of the three-way

ANOVA (drug × genotype × time) for the percentage

reduction in the PANSS score in genotyped patients.

The ANOVA (drug × genotype × time) did not show

any significant effect of the DRD2 –141C ins/del,

DRD2 exon 8, DRD2/ANKK1 Taq 1A, DAT1,

COMT Val158Met and 30 bp VNTR MAOA pro-

moter region gene polymorphism on response to an-

tipsychotic treatment (see Tab. 4 for details).

Discussion

In the present naturalistic, randomized and open

study, the patients with exacerbation of paranoid

schizophrenia were randomly assigned to olanzapine,

perazine or ziprasidone monotherapy, i.e., to the an-

tipsychotic drugs with different binding profiles and

clinical characteristics [14, 20, 36]. The PANSS total

score was obtained on admission (T0) and at the 2-

and 12-week follow-up. No difference in the percent-

age reduction of the total PANSS score was found be-

tween the three study groups. In line with the above,

the retention rate, a measure thought to reflect both ef-

ficacy and safety of drug treatment, did not differ be-

tween the patients randomized to perazine, ziprasi-

done, and olanzapine. Thus, in agreement with the re-

cent naturalistic studies, no major difference between

the typical (perazine) and atypical (olanzapine, zipra-

sidone) antipsychotic medications was observed in

the present study [22, 23, 28, 37]. To the best of our

knowledge, this is the first study that compared olan-

zapine and ziprasidone to perazine, the old phenothi-

azine derivative with potent antipsychotic effects and

relatively low risk of extrapyramidal symptoms [21].

Effects of various dopaminergic genes polymor-

phisms on therapeutic response to antipsychotic treat-

ment were also examined in the present study. In gen-

eral, none of the studied polymorphisms was associ-

ated with changes in the PANSS score in the whole

group of patients. No interaction was observed be-

tween the genetic variation and response to a specific

drug (the non-significant drug × polymorphism inter-

actions). In previous studies, some DRD2 gene poly-

morphisms were associated with early response to ha-

loperidol and risperidone, but not to clozapine. The

532 Pharmacological Reports, 2012, 64, 528�535

Tab. 3. The percentage reduction (± SD) in the PANSS score, from T0 (baseline) to T1 (14 days) and from T0 to T2 (84 days), and the retention
rate in patients treated with perazine, ziprasidone or olanzapine

Drug T1 (14 days) T2 (84 days)

Percentage
reduction in

PANSS score

Retention
rate

Percentage
reduction in

PANSS score

Retention
rate

Perazine 17.2 ± 16.7% 52/60 (87%) 24.0 ± 21.7% 41/60 (68%)

Olanzapine 19.1 ± 15.1% 58/72 (81%) 29.2 ± 20.6% 55/72 (76%)

Ziprasidone 17.9 ± 12.4% 44/59 (75%) 26.1 ± 22.3% 40/59 (68%)



previous studies have suggested that the DRD2

Ser311Cys polymorphism might influence effects of

risperidone on different symptoms of schizophrenia

and that the DRD2 Ins-A2/Del-A1 diplotype deter-

mine better response to risperidone [5, 18, 29, 35, 45].

Lencz et al. [19] have studied two promoter region

polymorphisms and reported that response to olanzap-

ine and risperidone was faster among G allele carriers

(AG or GG) than among wild-type homozygotes

(AA) and slower among the –141C Del carriers

(Ins/Del or Del/Del) as compared with wild-type ho-

mozygotes (Ins/Ins) [19]. The latter findings suggest

that the DRD2 gene mediates clinical response to sec-

ond generation antipsychotics but this might be true

only for the first episode patients [19]. In contrast to

Lencz et al. who focused on drug-naive first episode

subjects, we studied patients with exacerbation of

paranoid schizophrenia with a long-term history of

antipsychotic treatment. Not surprisingly, our patients

were also older than those examined by Lencz et al.

[19]. It is possible that therapeutic response to an-

tipsychotic drugs in first-episode patients and in pa-

tients with previous exacerbations is determined by

different clinical and receptor mechanisms.

Our results showing no relationship between the

DAT1 gene polymorphism and response to antipsy-

chotic therapy is in agreement with previous short-

term studies on Caucasian and Asian patients [3]. Fur-

ther studies are needed to assess whether the DAT1

gene could be associated with long-term outcomes of

antipsychotic therapy and/or with a specific improve-

ment in cognitive and/or negative symptomatology.

The functional Val158Met COMT gene polymor-

phism allowed to predict response to antipsychotic

treatment in Finnish schizophrenia patients with better

response to typical neuroleptics observed in Met/Met

homozygotes [1]. In other studies, the Met allele was

associated with better improvement in negative and

cognitive, but not positive, symptoms [6, 40, 44]. Our

study can offer some support to the latter observation

as we found no association between the COMT gene

polymorphism and early response to antipsychotics in

the patients with paranoid schizophrenia.

The MAOA gene polymorphisms have been rarely

studied in the context of pharmacogenetics of schizo-

phrenia. The lack of relationship between the functional

MAOA gene polymorphism (the 30 bp VNTR in pro-

moter region) and response to antipsychotic therapy

could suggest that the MAOA gene is not primarily re-

lated to antipsychotic efficacy. However, as in the case
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Tab. 4. Summary of a three-way ANOVA (drug ´ genotype ´ time)

Effects / Interactions ANOVA p value

COMT

Drug
Genotype
Drug ´ genotype
Time
Time ´ drug
Time ´ genotype
Time ´ drug ´ genotype

F (2, 169) = 0.17
F (1, 169) = 0.00
F (2, 169) = 1.08
F (1, 169) = 32.59
F (2, 169) = 0.89
F (1, 169) = 1.13
F (2, 169) = 0.64

0.83
0.99
0.34

< 0.0001
0.40
0.28
0.52

MAO

Drug
Genotype
Drug ´ genotype
Time
Time ´ drug
Time ´ genotype
Time ´ drug ´ genotype

F (2, 183) = 0.74
F (1, 183) = 0.01
F (2, 183) = 0.41
F (1, 183) = 64.20
F (2, 183) = 0.95
F (1, 183) = 1.11
F (2, 183) = 0.22

0.47
0.89
0.66

< 0.0001
0.38
0.29
0.78

DAT1

Drug
Genotype
Drug ´ genotype
Time
Time ´ drug
Time ´ genotype
Time ´ drug ´ genotype

F (2, 183) = 1.12
F (1, 183) = 2.99
F (2, 183) = 0.61
F (1, 183) = 47.88
F (2, 183) = 0.56
F (1, 183) = 1.17
F (2, 183) = 1.10

0.32
0.08
0.54

< 0.0001
0.56
0.27
0.33

DRD2 Ins/Del

Drug
Genotype
Drug ´ genotype
Time
Time ´ drug
Time ´ genotype
Time ´ drug ´ genotype

F (2, 184) = 0.01
F (1, 184) = 2.22
F (2, 184) = 0.1.56
F (1, 184) = 43.57
F (2, 184) = 0.32
F (1, 184) = 0.42
F (2, 184) = 0.40

0.98
0.13
0.21

< 0.0001
0.72
0.51
0.66

DRD2/ANKK1 Tag1A

Drug
Genotype
Drug ´ genotype
Time
Time ´ drug
Time ´ genotype
Time ´ drug ´ genotype

F (2, 185) = 0.69
F (1, 185) = 0.06
F (2, 185) = 0.00
F (1, 185) = 55.39
F (2, 185) = 1.01
F (1, 185) = 1.02
F (2, 185) = 0.14

0.49
0.79
0.99

< 0.0001
0.36
0.31
0.86

DRD2 exon 8

Drug
Genotype
Drug ´ genotype
Time
Time ´ drug
Time ´ genotype
Time ´ drug ´ genotype

F (2, 182) = 0.70
F (1, 182) = 0.05
F (2, 182) = 0.03
F (1, 182) = 56.69
F (2, 182) = 0.75
F (1, 182) = 0.10
F (2, 182) = 1.08

0.49
0.81
0.96

< 0.0001
0.47
0.74
0.34



of other negative findings from the present study, one

should remember that other polymorphisms of the

MAOA gene and non-heritable changes in gene ex-

pression may influence response to antipsychotics.

In conclusion, in the present study, there was no

difference in the short-term treatment response to zi-

prasidone, olanzapine, and perazine in the patients

with acute exacerbation of schizophrenia. In addition,

no association was found between several dopaminer-

gic genes polymorphisms and early therapeutic re-

sponse to olanzapine, perazine or ziprasidone in para-

noid schizophrenia patients.

The limitations of the study involve its relatively

small sample size and the fact that patients were re-

cruited in 2 tertiary care university centers. Consider-

ing the results of pharmacogenetic analyses, one

should be aware that genotyping was done as a part of

the clinical drug trial. Response to the three antipsy-

chotic medications with multi-receptor binding pro-

files was retrospectively correlated with some dopa-

minergic genes polymorphisms. Different results could

be obtained if, for example, more selective dopamine

receptor antagonists (e.g., haloperidol, amisulpride)

or partially agonist were used [7, 13, 35]. The statisti-

cal power was estimated for the predefined between-

genotype difference of 10% in the percentage reduc-

tion of PANSS scores. The study could be underpow-

ered if lower between-genotype differences occurred.

Hence, our results may require further replication in

large multicenter studies on patients recruited in aca-

demic and non-academic settings and administered

with other antipsychotic medications.
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