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Objectives: Schizophrenia is a severe psychiatric disorder that has profound effects on both 
individuals and the community. Notwithstanding the suggestion for treating schizophrenia 
with a minimum dose of drugs, antipsychotic polypharmacy increases the patient’s care 
costs and drug interactions. Aripiprazole reduces the metabolic side effects of antipsychotic 
polypharmacy treatment. DRD2 and HTR2A can serve as predictors for response to treatment 
in schizophrenic patients. The purpose of this survey was to measure the DRD2 and HTR2A 
genes expression in the peripheral blood samples using Real-Time Quantitative Reverse 
Transcription-Polymerase Chain Reaction (qRT-PCR).

Methods: A total of 19 patients with a long history of schizophrenia who received at least two 
types of antipsychotics with daily doses of more than 500 mg of chlorpromazine were entered 
into the study. The response rates to the treatment based on scores in the Brief Psychiatric 
Rating Scale (BPRS) questionnaire and DRD2 and HTR2A expression were compared 
between antipsychotic polypharmacy status and 6 months after monotherapy with aripiprazole.

Results: The levels of DRD2 expression decreased significantly after the intervention. The 
mean changes in HTR2A expression and the BPRS questionnaire and also the relationship 
between changes in DRD2 and HTR2A expression and changes in BPRS score after the 
intervention were not significant.

Discussion: The conversion of the antipsychotic polypharmacy state to monotherapy with 
aripiprazole has been accompanied by a significant decrease in DRD2A expression. These 
genes can be used for evaluating the response rate of schizophrenia treatments in the future.
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Highlight

● DRD2 gene expression is an appropriate way of evaluating response rates in patients with schizophrenia. 

Plain Language Summary 

In the future, psychiatrists can use the appropriate pattern of treatment for patients with schizophrenia by measuring 
the DRD2 expression in their peripheral blood. 

1. Introduction

onsidering the existence of a major 
regulatory mechanism in which vari-
ous molecular factors are involved, 
the pathophysiological complexity of 
schizophrenia and its psychiatric dis-
orders pose important questions in this 

regard [1]. Continuous advances in genomic and mo-
lecular biology create new opportunities to develop our 
perception of cellular mechanisms, schizophrenia devel-
opment, and antipsychotic medications by investigating 
their effect on cell signaling [2].

Dopamine D2 receptor (DRD2) and 5-hydroxytryp-
tamine 2A Receptor (HTR2A) are the key elements of 
dopaminergic and serotoninergic systems, respectively 
[3, 4]. The analysis of mRNA expression of dopamine 
receptors in the peripheral blood is a useful tool to as-
sess the mechanisms of dopaminergic function, which is 
based on the complicated changes in the psychological 
characteristics and psychopathology of psychiatric dis-
eases [5]. In the microarray analysis, dopamine recep-
tor mRNA was overexpressed in the peripheral blood 
of schizophrenic patients who took medication [6]. This 
receptor mRNA level in peripheral blood indicates acute 
schizophrenia [7].

HTR2A receptor affects prefrontal perception by bind-
ing to the agonist receptor, including quetiapine and 3-tri-
fluoromethylphenylpiperazine [8]. It has been suggested 
that HTR2A antagonists are used as a treatment to im-
prove cognitive performance, though the effectiveness of 
HTR2A antagonists has not been proven so far [9]. 

In all schizophrenia therapeutic guidelines, treatment 
with single-drug therapy is preferable, and as the last so-
lution, the use of two or more antipsychotic medications 
is recommended [10, 11]. The antipsychotic treatment 
with multi-drug therapy is often used experimentally, 
and the prevalence of multi-drug therapy in the world 
is about 40%-70%, which differs based on the patients’ 

population and the existing conditions in different coun-
tries. However, it has been on the rise over recent years 
[12, 13]. Multi-drug therapy using antipsychotic medi-
cations result in overdose or excessive consumption of 
antipsychotic drugs in patients and consequently lead to 
dose-related adverse effects, including extrapyramidal 
side-effects and cognitive problems [14]. 

Considering the unique mechanism of aripiprazole as 
monotherapy, this drug reduces the metabolic side ef-
fects of antipsychotic polypharmacy and can partially 
or completely improve the increased level of prolactin 
and metabolic side effects [15]. 

By measuring dopamine and serotonin receptor mRNA 
expression rate to follow up the treatment of schizophre-
nia in this study, the response to treatment is investigated 
in 2 states of antipsychotic polypharmacy and aripipra-
zole monotherapy, and then, the results will be compared 
with changes in BPRS score.

2. Methods

This study was a clinical trial study conducted in the 
form of comparison before and after intervention in the 
case group (patients with schizophrenia). Of all patients 
with chronic schizophrenia (more than 2 years) in all 
long-term care wards of Razi Psychiatric Hospital, all 
chronic schizophrenic patients taking at least two types 
of antipsychotic medications with a total dosage equal 
to or more than 500 mg chlorpromazine for more than 6 
months were included in the study. At the beginning of 
the study, the patients’ age, gender, the number and type 
of all psychiatric drugs, especially antipsychotic medica-
tions, as well as their chlorpromazine equivalent dosage, 
total duration of disease, and duration of antipsychotic 
polypharmacy were determined. According to statistics 
computations, 26 patients were included in the study. Be-
fore starting the intervention, the score of the Brief Psy-
chiatric Rating Scale (BPRS) test, as well as dopamine 
and serotonin receptor gene expression rates were mea-
sured. The intervention basis was the conversion of anti-
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psychotic polypharmacy to aripiprazole monotherapy. In 
the first stage, the equivalent dosage of chlorpromazine 
was determined. Each 100 mg chlorpromazine is equiv-
alent to 7.5 mg of aripiprazole [16]. Gradually and by 
considering the relapse cases, the dose of previous medi-
cations was reduced and aripiprazole with a dose of 2.5 
mg was started. Finally, the aripiprazole dosage reached 
the calculated total dosage and the given maximum dos-
age was determined for medication. After reaching the 
aripiprazole monotherapy state, the treatment continues 
for 6 months, and during this period, the patients were 
visited regularly by a psychiatrist in terms of clinical 
symptoms and side effects. BPRS test score, as well as 
dopamine and serotonin receptor mRNA expression rate, 
were measured in 2 states: Antipsychotic polypharmacy 
and 6 months after aripiprazole monotherapy and the re-
sults were compared with each other. 

Inclusion criteria

The included patients must be 18-65 years old with 
chronic schizophrenia (more than 2 years) who received 
at least two types of antipsychotic medications with a 
dosage of more than 500 mg chlorpromazine per day and 
were consent to participate in the study. 

Exclusion criteria

The study patients would be excluded if they showed 
any signs of autoimmune diseases, uncontrolled diabe-
tes, cardiovascular diseases, a severe infectious disease 
which requires serious intervention, using immunosup-
pressive therapy, the existence of other severe brain 
diseases such as seizures and multiple sclerosis, the ex-
istence of mental disability, alcohol or drug abuse, co-
existence of other major psychiatric diseases that require 
drug therapy, exacerbation of disorder symptoms that are 
inconsistent with continuing clinical trials, and dissatis-
faction to continue the study.

Data collection method

The statistical population of this study consisted of all 
patients who met the inclusion criteria (a total of 38 pa-
tients). The sample size was calculated to be 13, based 
on Lawrence S Kegeles et al.’s study, the confidence 
interval of 95%, the statistical power of 90%, mean of 
difference of 4.1, standard deviation of 4.3, 15% dropout 
rate and using the formula of mean comparison before 
and after the intervention. Given the possibility of more 
subjects drop out, 26 patients were included in the study. 

The number of samples was estimated by the formula 
of mean comparison before and after the intervention 
(Formula 1). 

1.  ɳ≥
(Z1-α/2

+ Z1-ß )2

(δ??? / 
σ???)2

+
Z1

2
-α/2

2
 

Alpha: 0.05

Beta: 0.1

Mean of difference: 1.4

The standard deviation of difference: 3.4

RNA isolation and reverse transcription and quanti-
tative reverse transcription-polymerase chain reaction 
(qRT-PCR):

Mononuclear cells have been separated on Ficoll-
Hypaque from pre-treatment and post-treatment blood 
samples. Total RNA extraction was carried out through 
TRIzol reagent (Bioneer, Daejeon, Republic of Korea). 
Complementary DNA (cDNA) has been synthesized 
with RevertAid First Strand cDNA Synthesis Kit (Fer-
mentas, USA). qRT-PCR (Corbett 6000) was conduct-
ed for DRD2, HTR2A, and HPRT. Also, the Maxima 
SYBR Green/ROX qPCR as a Master Mix (Fermentas) 
was utilized. The relative measurement of the targeted 
genes (DRD2 and HTR2A) expression in the samples 
before and after the therapeutic intervention was gotten 
by normalizing to HPRT, as an endogenous control. We 

Table 1. Primers for the quantitative reverse transcription-polymerase chain reaction 

Target Gene 5>3

DRD2 Forward: CCCTATGGCTTGAAGAGCCT
Reverse: GGTGAGCAGTGTGGCATAGT

HTR2A Forward: TGTGGACCCTGAAGACAAATGACA
Reverse: AGGAGAGTCCACTGTTTGGTTTT

HPRT Forward: GGCTCCGTTATGGCGACCCG
Reverse: CGAGCAAGACGTTCAGTCCTGTCC
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have developed a qRT-PCR measure utilizing primer 
pairs to detect targeted transcripts sensitively (Table 
1) and approved on a control pooled cDNA. Under 
the specific thermal conditions (95ºC for 15 min, then 
45 cycles of 94ºC for 15 s, 60ºC for 25 s, and 72ºC 
for 15 s), the reactions were doubled. The accuracy of 
the amplification products was confirmed by the melt-
ing curve analysis and by the detection of exact size 
PCR products, using agarose 2.5% gel electrophoresis. 
First, qRT-PCRs were performed with 5-fold dilutions 
(each with 5 replicates) with reference cDNA (controls 
[pooled cDNA]) covering the expected detection range 
to get the standard curves for the target gene and HPRT. 
The amplification efficiencies were 0.92 for DRD2, 
0.96 for HTR2A, and 0.94 for HPRT genes. Based on 
these curves, samples defined as calibrator and stan-
dard (controls [pooled cDNA]) had been included in 
each run. The 2-ddCt value was used to compare the 
relative expression of genes between two investigated 
groups (before and after the treatment).

Data analysis

The Mean±SD were reported for quantitative variables 
and the frequency table for qualitative variables. The 
obtained data were analyzed using the correlation test, 
paired t-test [17], and Wilcoxon test [18]. All analyses 
were done in SPSS v. 16.0.

3. Results

In this study, a total of 26 patients with schizophrenia 
who met the inclusion criteria were investigated. Seven 
patients (4 women and 3 men) were excluded from the 
study during the intervention. The exclusion reasons 
were as follows:

● Patient’s permanent discharge from the hospital;

● The patient was unwilling to continue the study in 
the first week of intervention;

● Escaping from the hospital in the fourth week;

● Patient’s uncontrolled diabetes in the fourth week 
of the study; and 

● Exacerbation of schizophrenia symptoms in the 
form of psychosis relapse and agitation during the 9th-
11th week of the study period. 

Of the remaining 19 patients in the study, 15 patients 
(78.9%) were men and 4 patients (21.1%) were women.

The Mean±SD age of the studied patients was 49±9.49 
years with a minimum age of 33 and a maximum age of 
65 years. The Mean±SD age of the male patients was 
50.46±7.43 years with the minimum 38 and maximum 
of 60 years, and the Mean±SD age of the female pa-

Table 2. Participants’ data of doses based on chlorpromazine equivalent doses

Min, MaxMean±SDVariables

33, 6549±9.49Age, y

20, 4030±4.04Dose of aripiprazole, mg

2, 3417.105±11.474Duration of the schizophrenia, y

0.5, 162.93±3.42Duration of antipsychotic polypharmacy therapy, y 

500, 1860963.68±438.69Total antipsychotic doses in polypharmacy therapy (based on chlorpromazine)

Table 3. Comparison of DRD2 and HTR2A expression levels in two states of polypharmacy and monotherapy with aripiprazole

Variables
Mean±SD

P 
Before the Intervention After the Intervention

Levels of DRD2 expression 156±109.37 57±30.74 0.004

Levels of HTR2A expression 15.77±6.43 8.44±4.58 0.32
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tients was 45.33±12.72 years with the minimum age of 
33 and maximum age of 65 years.

The Mean±SD of duration of their disorder was 
17.105±11.474 years with a range of 2-34 years. The 
Mean±SD of duration of using antipsychotic polypharmacy 
was 3.42±2.93 years with a range of 0.5-16 years. Addi-
tionally, the Mean±SD of total dose of the received antipsy-
chotic polypharmacy was 936.68±438.69 mg with a range 
of 500-1860 mg based on the chlorpromazine equivalent 
dosage before and after the intervention (Table 2).

 DRD2 expression changes were measured using the 
paired t-test. Based on the test results, its changes had 
significantly reduced after substituting the patient’s anti-
psychotic medication from polypharmacy state to aripip-
razole monotherapy (P=0.044) (Figure 1). Considering 
that the data were not distributed normally, the Wilcoxon 
non-parametric test was used to determine the HTR2A 
expression rate. Although the HTR2A expression rate 
decreased after the intervention, this reduction was not 
significant (P=0.32) (Figures 2 & 3).

In patients whose polypharmacy duration was less than 
24 months, DRD2 expression changes were accompa-
nied by a significant reduction (P=0.02), but HTR2A ex-
pression changes were not significant (P≥0.05).

In patients whose treatment duration was more than 24 
months, HTR2A expression (P=0.6) and DRD2 expres-
sion changes (P=0.4) were not significant. In patients 
whose disease lasted less than 10 years, the DRD2 ex-
pression rate was accompanied by a significant reduc-
tion (P=0.042), but the HTR2A expression rate showed 
no significant change (P>0.05). Besides, no significant 
change was observed in DRD2 and HTR2A expression 
rates among patients whose disorder duration was more 
than 10 years.

DRD2 gene expression rate significantly reduced after 
aripiprazole monotherapy in patients who previously re-
ceived polypharmacy with chlorpromazine equivalent 
dosage of 700-1000 mg (P=0.06) and chlorpromazine 
equivalent dosage of more than 1000 mg (P=0.012). 

Figure 1. Graph of real-time PCR for DRD2 mRNA

Levels of DRD2 mRNA expression in two status of antipsychotic polypharmacy (Pretreatmentpre-treatment) and aripiprazole 
mono therapy (post-treatment)
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Figure 2. Graph of real-time PCR for HTR2A mRNA

Levels of HTR2A mRNA expression in two status of antipsychotic polypharmacy (Pretreatmentpre-treatment) and aripipra-
zole mono therapy (post-treatment)
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Therefore, the previous antipsychotic dosage had not af-
fected the DRD2 expression level.

The Mean±SD) BPRS score of patients in the basic 
state is 25.736±10.521 and the Mean±SD BPRS score 
after the intervention was 26.6±12 and no observed 
significant changes in BPRS score between 2 states. 
Additionally, no significant relationship was observed 
between BPRS changes and DRD2 and HTR2A expres-
sion changes before and after the intervention (P≥0.05).

4. Discussion

Schizophrenia is one of the most serious psychiatric 
disorders. Considering the studies conducted on this 
disease, the dopaminergic and serotoninergic hypoth-
esis cannot describe all symptoms of schizophrenia [19]. 
Four studies indicate the lack of notable differences in 
the mRNA expression levels of DRD2 in patients with 
schizophrenia and the control group. Of these studies, 
3 studies were conducted on the peripheral blood sam-
ple [7, 20, 21] and one study on postmortal prefrontal 
cortex samples [3]. Two investigations reported that the 
mRNA expression level of DRD2 in the blood samples 
of schizophrenia patients is higher than that in the con-
trol group [6, 22]. Another study reported the mRNA 
expression level of DRD2 was low in the blood samples 
of patients with schizophrenia and its related disorders 
during the high delusion state [6]. These contradictory 
results were obtained because schizophrenia includes a 
group of highly heterogeneous syndromes. Schizophre-
nia spectrum patients show very different symptoms 
[23]. The mRNA expression level of DRD2 in the pe-
ripheral blood may indicate the psychiatric symptoms, 
and may not be a specific indicator related to schizo-
phrenia itself [7]. Our data show that the mRNAs ex-
pression level of DRD2 in patients with schizophrenia 
has significantly reduced after treating with aripiprazole 
monotherapy compared to polypharmacy state. A large 
number of studies indicate that the HT2A receptor is one 
of the most important targets of atypical antipsychotics. 
In a study, no significant relationship was found between 
HTR2A and the effectiveness of risperidone [24]. 

DRD2, HTR2A, and HTR2C are important genes in 
the pharmacodynamics of risperidone and several stud-
ies have shown the importance of these genes in the anti-
psychotic responses [25]. In the current research, DRD2 
and HTR2A genes expression changes in the peripheral 
blood of patients were compared in 2 states: antipsychot-
ic polypharmacy and aripiprazole monotherapy. It was 
found that the DRD2 gene expression rate was accompa-
nied by a significant reduction after the intervention, but 

the HTR2A gene expression rate showed no significant 
changes. In this study, DRD2 gene expression changes 
were significantly reduced in patients whose polyphar-
macy duration was less than 24 months, but in the group 
with polypharmacy duration of more than 24 months, 
no significant changes were observed. Additionally, in 
patients whose disorder duration was less than 10 years, 
the DRD2 gene expression changes were significant, but 
in patients with schizophrenia disorder duration of more 
than 10 years, no significant difference was observed re-
garding the DRD2 gene expression level. These obser-
vations can indicate that changing polypharmacy state 
to aripiprazole monotherapy has caused a reduction in 
DRD2 gene expression only in patients with shorter dis-
order duration, and perhaps treatment in this group is 
accompanied by better clinical results. In this study, the 
amount of response to treatment was also investigated 
based on the reduction of clinical symptoms in the BPRS 
questionnaire. 

Before the intervention, the Mean±SD BPRS score of 
patients was 25.736±10.521, which changed to 26.6±12 
after the treatment, but this change is not statistically 
significant. Moreover, no significant relationship was 
observed between BPRS score changes and DRD2 and 
HTR2A gene expression levels before and after the 
study. Lack of reduction in clinical symptoms based on 
the BPRS test can be due to the short duration of study 
to investigate the symptoms changes. In 2015, Mirabza-
deh et al. conducted a clinical trial to investigate the con-
sumption pattern variation of antipsychotic polyphar-
macy to risperidone monotherapy in old patients with 
chronic schizophrenia. Their results showed a significant 
reduction in the mean of total and positive symptoms of 
schizophrenia based on the BPRS test following treat-
ment with risperidone [26]. The difference between the 
results of our study and the above-mentioned research 
in the reduction of patients’ symptoms following the 
change of therapeutic diet to aripiprazole monotherapy 
can be because of the different age groups of patients in 
both groups. The elderly people seem to be more sensi-
tive to medication-related side effects of antipsychotic 
polypharmacy and following changes to antipsychotic 
monotherapy state show a significant reduction in the 
score of BPRS test. 

In this study, we had limitations in the follow up of the 
patients in the antipsychotic monotherapy state. This can 
affect the lack of significant changes in the results of the 
BPRS test. It is proposed that similar studies be con-
ducted with longer follow-up durations. In this study, the 
number of female patients who met the inclusion crite-
ria was less than the number of male patients, leading to 
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the reduction of the validity of the obtained results from 
variables based on the patients’ gender. It is suggested 
that in the future, studies be conducted with larger sam-
ple size and appropriate gender distribution. The studied 
population in this research consisted of schizophrenic 
patients hospitalized in long-stay inpatient wards of a 
psychiatric hospital, and often a long time had passed 
since the onset of the disorder in them, so they had re-
ceived antipsychotic therapy for a long time. The results 
obtained from this study cannot be generalized to all psy-
chiatric patients of the society, therefore, it is suggested 
that another study be conducted to investigate the gene 
expression changes in patients with acute schizophrenia.

5. Conclusion

By determining the consumption pattern of antipsy-
chotic medications in patients with chronic schizophrenia 
and showing how treatment type is related to the studied 
variables, besides using the appropriate pattern of treat-
ing patients, we can use the difference in the DRD2 gene 
expression to follow up the treatment of these patients.

According to this study, DRD2 gene expression is an 
appropriate parameter to investigate the amount of re-
sponse to treatment in schizophrenic patients, which 
needs further studies with a larger sample size to be ap-
proved. Changes in DRD2 and HTR2A genes expres-
sion level showed no significant relationship with the 
amount of response to the patients’ treatment based on 
the BPRS questionnaire. 
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