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ABSTRACT – Background and Objectives: Antipsychotics can elicit dopamine supersensitivity by up-regulation of D2-like receptors (DRD2, DRD3, and DRD4) expression.
Nevertheless, the expression profile of dopamine D2-like receptors in different brain regions and peripheral blood mononuclear cells (PBMCs), and changes following risperidone administration were still unclear. In this study, we would investigate the expression
of D2-like receptors mRNA in different brain regions and the peripheral blood mononuclear cells (PBMCs) in rats after 2, 6 weeks risperidone administration.
Methods: The experimental rats were given risperidone (0.25mg/kg/day, i.p.), and the
control rats were given 0.9% NaCl. The rats were sacrificed at 0 week, 2 weeks and 6 weeks
after the drug administration. Expression of the dopamine D2-like receptors was quantified by Real-time PCR method.
Results: Dopamine D2-like receptors expressed in all the examined regions of rat brain.
Their expression significantly increased 2weeks after risperidone administration in different brain regions. However, the changed expression of DRD2 and DRD3 turned back to
the basal level 6weeks later, while the increased DRD4 expression remained in left parietal cortex. Meanwhile, DRD2 and DRD3 but not DRD4 expressed in PBMCs, however,
the risperidone could not affect their expression.
Conclusions: The risperidone could change the dopamine D2-like receptors expression
in a time-dependent manner in different brain regions, which might guide the clinical use
in the near future.
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Introduction
As reported, long-term use of antipsychotic is known to elicit dopamine super sensitivity through up-regulation of D2 receptor
expression1,2. Risperidone, as a new generation of antipsychotic drugs, is widely used in
clinical treatment of mental disorders based
on the fact that it can relieve the positive
symptoms and reduce the side effects3. Risperidone is a selective monoaminergic antagonist4, but the exact underlying mechanism of risperidone on the dopamine D2-like
receptors is not entirely clear.
Dopamine receptors are membrane-bound
receptors that belong to a G-protein coupled
receptor family5 and consist of five wellknown subtypes, namely, DRD1, DRD2,
DRD3, DRD4, and DRD5. These receptors
can be grouped into two classes, namely, the
D1-like family receptors (DRD1 and DRD5)
and D2-like family receptors (DRD2, DRD3
and DRD4) according to their biochemical
and pharmacological properties6. Numerous
studies have focused on the biology of abnormal dopamine D2-like receptors as an underlying cause of mental disorders. In terms
of the genetic point of view, the variants in
dopamine D2-like receptors genes have been
linked to many kinds of mental disorders,
such as schizophrenia7-9. Moreover, the dopamine receptor gene polymorphism was
also consisted with the response to antipsychotic treatment7-9. With regard to molecular
and biochemical properties, the dopamine
receptors binding and expression are abnormal in postmortem tissues of patients with
various disorders such as schizophrenia10,11.
Risperidone can relieve psychotic symptoms via dopamine D2 receptor antagonism1.
In schizophrenia, risperidone could increase
D2 dopamine receptor occupancies, while
ranged from 50 to 92% in striatal and 4 to 95%
in the different extra striatal12. In addition, the

clinical effect of antipsychotic drugs corresponds to the time course of the altered genes
expression in the brain13. Risperidone treatment (12 days) in wild type mice can decrease
dopamine D2 receptor gene expression in the
prefrontal cortex (PFC), and the dorsal raphe
(DR)14. Also, D2 receptor mRNA and protein
expression were increased in both the medial
preoptic area (MPOA), and the paraventricular nucleus (PVN) after 3 weeks’ risperidone
administration15.
In this study, we would investigate the expression of DRD2, DRD3, and DRD4 mRNA
in different brain regions of rats after 2, 6
weeks risperidone administration. In addition, we also studied the dopamine D2-like
family receptors expression profile in rat peripheral blood mononuclear cells (PBMCs),
in order to explore if dopamine D2-like family receptors expression in PBMCs would be
considered as convenient peripheral biomarkers to reflect the probable changes of
dopamine D2-like receptors expression in
the corresponding brain regions. We hope
that this study may help understand the biological mechanism of the therapeutic effect of
risperidone and guide its clinical use.

Experimental procedures
Animals
We purchased the rats from the Experimental Animals Center of Sichuan Province,
China. All animals were housed and maintained in accordance with the policies of Institutional Animal Care and Use Committee
of Laboratory Animal Care of West china,
Sichuan University. To avoid the probable
confounding contributions from the oestrous
cycle, male Wistar rats weighing 280 to 300
g were housed in a clear plastic cage with unrestricted access to food and water. The ani-
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mals laboratory temperature was 20 ± 2°C
and humidity was 60 ± 5% with a 12 h: 12 h
light-dark cycle (lights on at 7:00 am).

Drug administration
Male Wistar rats (n = 40) were assigned to
five groups (n = 8 per group). Risperidone
(Beijing Gaobo Pharm-Chemicals Tech.Co.,
Ltd) was dissolved in a few drops of glacial
acetic acid and diluted in sterile 0.9% physiological saline, titrated to a final Ph = 6 with
6N NaOH15. At the beginning of the drug administration, the baseline group (0 week)
were sacrificed. Two experimental groups
were given risperidone (0.25 mg/kg) once
daily in a concentration of 1mg/ml. The control rats were given the same constituent except risperidone. All the solutions were administered via intraperitoneal injection (i.p.).
During the experiment, all rats were in good
condition. No abnormality was observed with
regard to weight, hair, and feces.

Dopamine D2-like receptors
expression
The baseline group was sacrificed without
any processing and the other groups were
sacrificed 24h later at the end of solution administration. First, rats were anesthetized
(2ml/kg) using chloral hydrate oral solution
(West China Hospital, Sichuan University,
China), and blood was collected from heart.
Then 330ul blood and 1ml Trizol LS (Invitrogen, USA) were mixed in 1.5ml centrifuge
tube and stored at -80°C until processed following Trizol LS manual. After that, rats
were decapitated and the brains were quickly
removed from the skull to dissect the following regions: hippocampus, left and right
frontal cortex, left and right parietal cortex,
and left and right temporal lobe. The dissec-
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tion was performed on ice. All the regions
were immediately frozen in liquid nitrogen
and stored at -80°C until being processed.
The total RNA of the collected brain regions was isolated using Trizol reagent (Invitrogen, USA) and then retro-transcribed to
cDNA using the ReverTra Ace qPCR RT Kit
(TOYOBO, Japan). The rat specific oligonucleotide primers were designed using Beacon
Designer 7.7 software and synthesized using
Invitrogen as the following:
GAPDH, Sense Primer
5′–ATGACAATGAATATGGCTACAG
Anti-sense Primer:
5′–CTCTTGCTCTCAGTATCCTT
DRD2, Sense Primer:
5′–CAACAATACAGACCAGAATGAG
Anti-sense Primer:
5′–CAGCAGAGTGACGATGAA
DRD3, Sense Primer:
5′–ACCACCACCAACTACCTA
Anti-sense Primer:
5′–ACCTGTCACCTCCAAGTA
DRD4, Sense Primer:
5′–TTGCCTCTCTTTGTCTACTC
Anti-sense Primer:
5′–GCACAGGTTGAAGATGGA
The real-time PCR was conducted following
the manual of SsoFast EvaGreenTM Supermix
(BIO-RAD, USA). The relative DRD2, DRD3,
and DRD4 mRNA expressions were performed using the iQTM5 Real-Time PCR Sequence Detector System (BIO-RAD). The
PCR cycling parameters were: 95°C for 30
sec, followed by 40 cycles at 95°C for 5 sec,
and 60°C for 10 second. Data were normalized to the endogenous reference gene
(GAPDH), and the fold change in target gene
mRNA abundance was determined using the
2-ΔΔCt method.
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Statistical Analysis
All statistical analyses were performed using SPSS16.0. Differences among groups
were analysed using ANOVA followed by
post-hoc Dunnett’s t-test. Significant differences were defined as those with a p-value
smaller than 0.05.

Results
Expression Profile of Dopamine
D2-Like Receptors in the rat
brain and PBMCs
The mRNA level expression pattern of
dopamine D2-like receptors in different brain regions and PBMCs of rats was shown in Fig. 1.
The dopamine D2-like receptors all expressed
in the tested brain regions of hippocampus,
frontal cortex, parietal cortex, and temporal
lobe. Meanwhile, the expression level of dopamine D2-like receptors varied in all the
tested brain regions. The DRD2 expressed
highly in the left frontal cortex and temporal
lobe, and DRD3 expression was relatively
high in the right temporal lobe. DRD4 highly

expressed in the right temporal lobe, and expressed higher than in the left temporal lobe
(Fig. 1C). We also tested the expressions of
DRDs in rat PBMCs. As shown in Fig. 1,
DRD2 and DRD3 expressed relatively highly
in PBMCs (Fig. 1A and 1B), while DRD4 did
not express at all in PBMCs (Fig. 1C).

Time-dependent expressions
of DRD2 after risperidone
administration
The effects of risperdone on DRD2 expression in different brain regions and PBMCs in
rats were presented in Fig. 2. As shown in
Fig. 2D, DRD2 expression in the right parietal
cortex increased significantly (p = 0.001) after two weeks of risperdone administration.
Meanwhile, the DRD2 expression in the right
parietal cortex of risperidone-treated group
was significantly higher than which of the
control group (p < 0.001). Nevertheless, at
the end of the sixth week of risperdone administration, the difference of D2 receptor expression in the right parietal cortex between
the two groups disappeared. In addition, in
other brain regions and PBMCs, DRD2 expression did not differ between the risperi-

Figure 1. Expression profile of dopamine D2-like receptors in hippocampus, left and right frontal cortex,
left and right temporal lobe, left and right parietal cortex, and PBMCs.

RISPERIDONE REGULATES DOPAMINE D2-LIKE RECEPTORS EXPRESSION...

37

Figure 2. Expression of DRD2 mRNA in rat brain and PBMCs after 2 and 6 weeks of risperidone administration.
Relative DRD2 expression levels were normalized by the housekeeping gene, GAPDH. 0: base-line without
administration; C: control group (0.9% NaCl); T: risperidone-treatment group.
**p < 0.01 vs. base-line group, ++ p < 0.01 vs. control group.

done-treated group and the control group after
two weeks and six weeks of treatment (Fig.
2A-C, and E-H). In conclusion, risperidone
might regulate the DRD2 expression intently
in the right parietal cortex during the twoweek risperidone administration.

Time-dependent expressions
of DRD3 after risperdone
administration
Fig. 3 presented the effects of risperdone
on DRD3 in different brain regions and

PBMCs. After two weeks of risperdone administration, the DRD3 expression significantly increased in the right parietal cortex
(Fig. 3D, p < 0.001) and left parietal cortex
(Fig. 3E, p = 0.001). Meanwhile, the DRD3
expression in the right parietal cortex and
the left parietal cortex was significantly
higher than which in the control group (p =
0.005 and p = 0.001, respectively). After six
weeks of administration, the DRD3 expression in the right parietal cortex and the left
parietal cortex in both groups restored to the
basal level. In other brain regions and
PBMCs, DRD3 expression did not differ be-
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Figure 3. Expression of DRD3 mRNA in rat brain and PBMCs after 2 and 6 weeks of risperidone administration.
Relative DRD3 expression levels were normalized by the housekeeping gene, GAPDH. Data were relative to GAPDH
mRNA. 0: base-line without administration; C: control group (0.9% NaCl); T: risperidone-treatment group.
*p < 0.05, **p < 0.01 vs. base-line group, ++ p < 0.01 vs. control group.

tween risperidone-treated group and control
group at both predetermined time points (Fig.
2A-C, and F-H). In general, DRD3 expression was up-regulated only in the parietal
cortex by acute risperidone administration.

Time-dependent expressions
of DRD4 after risperidone
administration
After two weeks of risperidone administration, DRD4 expression significantly increased in all the tested brain regions except

the right temporal lobe (Fig. 4F). Meanwhile,
DRD4 expression in all tested brain regions
except hippocampus of the risperidonetreated group was significantly higher than
that in the control group (Fig. 4A). Six weeks
later, DRD4 expression kept increased level
only in the left parietal (p = 0.025) and restored to the untreated level in all the other
brain regions. Overall, DRD4 expression was
widely up-regulated in the brain by acute
risperidone administration, but could remain
effective for up to six weeks only in the left
parietal cortex (Fig. 4E).
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No changes of dopamine D2-like
receptors expressions in PBMCs
after risperidone administration
As shown in Fig. 1, DRD2 and DRD3 expressed relatively highly in PBMCs. However, their expressions of mRNA level did not
present any changes after 2-week or 6-week
risperidone administration (data not shown).

Discussion
The present study provided evidence that
the dopamine D2-like receptors widely expressed in rat hippocampus, frontal cortex,
parietal cortex, and temporal lobe by realtime PCR method. Our data are consistent
with findings of previous studies that DRD2
expression was found in cortical areas2,16,17,
and DRD3 were observed in various cortical
areas18,19, while the DRD4 receptor was documented expression in frontal cortex9. In addition to frontal cortex we also found DRD4
expression in other cortical areas such as
parietal cortex, and temporal lobe, which
may result from the high sensitivity of our experimental performance. We found that the
expression of dopamine D2-like receptors
were not the same in different brain regions,
not even in the same brain region of different
cerebral hemispheres, which might provide
specified biological function in different
brain regions and cerebral hemispheres.
Also, we demonstrated that risperidone
could regulate the dopamine D2-like receptors in rat brain. DRD2 expression increased
in the right parietal cortex after being treated
with risperidone for 2 weeks. In previous
studies, the changed expression of DRD2
was reported in different brain regions, such
as decrease in prefrontal cortex and locus
coeruleus (15mg/kg, 12 days)20 and increase
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in medial preoptic area and the paraventricular nucleus (0.25 mg/kg, 21 days)15. To our
knowledge, so far no study has reported
DRD2 expression in the right parietal cortex
after risperidone treatment. DRD3 was upregulated by typical antipsychotics such as
clozapine and sulpiride21, but the effect of
risperidone on DRD3 expression has not
been reported. In our study, the DRD3 expression was up-regulated only in the parietal
cortex after 2 weeks of acute risperidone administration. With regard to DRD4 expression, risperidone could up-regulate DRD4
expression in frontal cortex, parietal cortex,
and temporal lobe. This result verified a previous conclusion that the D4 receptor mRNA
was up-regulated in cerebral cortex by risperidone22-24. As a matter of fact, only slight increases of DRD3 expression in right parietal
cortex (Fig. 3D) and DRD4 expression in hippocampus and right temporal lobe (Fig. 4A
and Fig. 4F) were observed after two weeks of
sodium chloride administration, which may be
caused by the operation process.
Moreover, changes in the expression of
dopamine D2-like receptors were different
after 0, 2, and 6 weeks of risperidone administration. DRD2 expression increased in
the right parietal cortex after 2 weeks of
risperidone administration but restored to the
basal level when the examination time up to
6 weeks. DRD3 expression was up-regulated
in parietal cortex with 2-week but not 6-week
risperidone administration. The DRD4
mRNA was up-regulated in frontal cortex,
parietal cortex, and temporal lobe by risperidone after 2 weeks of risperidone administration but only in left parietal cortex after 6
weeks. All the results show that risperidone
can regulate the dopamine receptors in a
time-dependent manner, which might be attributed to the different efficacy of acute and
chronic risperidone administration25. The
analogous time-dependent receptor expres-
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Figure 4. Expression of DRD4 in rat brain after 2 and 6 weeks of risperidone administration. Relative DRD4expression
levels were normalized by the housekeeping gene, GAPDH. 0: base-line without administration;
C: control group (0.9% NaCl); T: risperidone-treatment group.
*p < 0.05, **p < 0.01 vs. base-line group, ++ p < 0.01 vs. control group.

sion was found in many researches. For example, risperidone can decrease 7 nicotinic
receptor expression in the basal forebrain
and prefrontal cortex after a 90-days (but not
15-day) risperidone administration26. Furthermore, the mice presented changes in neurotrophin and neurotransmitter level27-29 and
protracted deficits in the performance of animal behavior tests in a time-dependent manner after risperidone administration27,29-31.
Moreover, time-dependent effects of antipsychotic on gene expression or neurotransmitter dopamine turn-over was also
found in clinical psychiatric treatment32,33.

In this study, we demonstrated that DRD2
and DRD3 expressed in PBMCs using Quantitative Real-time PCR Assay. As reported,
DRD3 expressed in the rat lymphocytes
through reverse transcriptase-polymerase
chain reaction34 and Receptor Binding Assay35. Up to now, no study has suggested
that DRD2 expressed in rat PBMCs. The discrepancy among these conclusions on DRD2
expression might be attributed to the fact that
the sensitivity of Real-Time PCR is higher
than the Receptor Binding Assay and reverse
transcriptase-polymerase chain reaction36.
Both Receptor Binding Assay and reverse
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transcriptase-polymerase chain reaction presented that DRD4 did not express in rat
PBMCs34,35, which was consistent with our
study in which we also verified this point
using Real-time PCR Assay.

Specialized Research Fund for the Doctoral
Program of Higher Education (2013018112
0032).

The expression of dopamine receptors in
PBMCs changed in patients with schizophrenia and those with bipolar disorders37-39,
and which was also affected by cognitive response following dopamine agonist treatment
(opioid addiction) or the personality trait of
persistence40-42. To our knowledge, no study
has reported the effect of risperidone on
dopamine D2-like receptors expression in rat
PBMCs. If dopamine D2-like family receptors expression in PBMCs changed correspondingly to different brain regions in a
time course after risperidone administration,
they would be considered as convenient biomarkers to predict the relevant changes in
brain, which may provide a new window for
objective medication guide clinically. However, our results demonstrated that risperidone could not affect the expression of DRD2
or DRD3 in rat PBMCs. Whether these negative finding is a fact or just a fuzzy seemingly due to the limited experimental design
might need further investigation. For this purpose, optimized designs with appropriate
drug concentration gradient, rational time interval, and precise dissection are to be expected. Furthermore, the over-reliance on
male animals in preclinical research might
obscure sex differences that could guide clinical studies43, so female Wistar rats should be
included to balance the potential influence of
gender in our future work.
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