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Abstract:

Background: Several clinical reports have documented a beneficial effect of the addition of a low dose of risperidone to the ongoing

treatment with antidepressants, in particular selective serotonin reuptake inhibitors, in the treatment of drug resistant depression. The

aim of our study was to understand the mechanism of the clinical efficacy of a combination of fluoxetine (FLU) and risperidone

(RIS) in drug-resistant depression. We studied the effect of FLU and RIS, given separately or jointly on the extracellular levels of do-

pamine (DA), serotonin (5-HT) and noradrenaline (NA) in the rat frontal cortex.

Methods: Animals were given single intraperitoneal injections of RIS at a doses of 0.1 or 1 mg/kg and FLU at a dose of 10 mg/kg.

The release of DA, 5-HT and NA in the rat frontal cortex was investigated using microdialysis in freely moving animals. The extra-

cellular level of DA, 5-HT and NA was assayed by HPLC with coulochemical detection.

Results: RIS (0.1 and 1 mg/kg) and FLU (10 mg/kg) increased the extracellular level of cortical DA, 5-HT and NA. Co-treatment of

both drugs was more effective in increasing DA release than administration of each of the drugs alone at doses of RIS 1 mg/kg and

FLU 10 mg/kg. Co-treatment of FLU and RIS 0.1 mg/kg was more potent than FLU alone, while the effect of joint injection of FLU

and RIS 1 mg/kg was stronger than RIS 1 mg/kg alone on 5-HT release. The combination of FLU with both doses of RIS was not ef-

fective in increasing NA release as compared to drugs given alone.

Conclusions: Our data indicate that the effect of the combined administration of RIS and FLU on DA and 5-HT release in the rat

frontal cortex may be of crucial importance to the pharmacotherapy of drug resistant depression.
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Introduction

Up to 10% of the human population suffers from ma-

jor depression. Although initial antidepressant (AD)

therapy significantly reduces symptoms of depression

in many patients, only 50–60% of persons with a ma-

jor depressive disorder respond to the treatment.

Moreover, ca. 30–40% of patients suffering from the

major depressive disorder never achieve symptom

resolution by means of a standard AD therapy [1, 48].

The problem of AD-resistant depression has been the

subject of a number of thorough studies, with no ap-

parent therapeutic success, though. Hence, there is

a strong need for an alternative antidepressive treat-

ment. Among the agents that are expected to potenti-

ate the efficacy of ADs are atypical antypsychotics

(e.g., aripiprazole, olanzapine, quetiapine, risperidone
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(RIS), ziprasidone) [49, 57]. Several clinical reports

have postulated a beneficial effect of an additional

low dose RIS to ongoing treatment with ADs (in par-

ticular, selective serotonin reuptake inhibitors (SSRI),

such as fluoxetine (FLU), fluvoxamine or paroxetine

[18, 23, 32, 33, 38]. Like other atypical antipsychotic

drugs, RIS is known to produce minimal extrapyrami-

dal side-effects compared to classical antipsychotics

(e.g., chlorpromazine) [3, 26, 31]. This drug is ca.

20–50 times more potent in its binding to 5-HT2A se-

rotonin receptors than to a1-adrenergic, dopamine D2,
histamine H1 and a2-adrenergic receptors [39, 47].

It has been proposed that RIS in lower doses acts

mainly by blocking 5-HT2A serotonin receptors, while

at higher doses it mostly blocks D2 dopamine recep-

tors. Our previous studies indicated that RIS applied

at a low dose enhanced the antidepressant-like activ-

ity of ADs in the forced swimming test in animals

[40, 42, 43].

Moreover, disturbances in dopamine (DA), sero-

tonin (5-HT) and noradrenaline (NA) neurotransmit-

ter systems have been suggested to be involved in the

pathogenesis of mood disorders including depression

[29, 46, 56].

A number of previous studies have shown that RIS

(1 mg/kg), like other atypical antipsychotics (olanzap-

ine, 3 mg/kg or clozapine, 3 mg/kg) varyingly in-

creased the extracellular levels of both DA and NA in

rat cortical areas, while RIS did not produce any

changes in 5-HT in the frontal cortex, but increased it

in the rat medial frontal cortex [17, 20]. FLU

(10 mg/kg) robustly increased the extracellular levels

of DA, NA and 5-HT in several brain regions, such as

the striatum, hypothalamus and prefrontal cortex [34,

35]. Combination of RIS with FLU produced a sig-

nificant increase in DA level, however, the effect on

NA and 5-HT was not significantly different from the

effect of FLU alone [59].

To understand the mechanism of the clinical effi-

cacy of the AD and RIS combination therapy for

treatment-resistant depression, the present study was

designed to determine the influence of FLU (10 mg/

kg) and RIS at two doses (0.1 and 1 mg/kg), given

separately or jointly, on the extracellular levels of DA,

5-HT and NA in the rat frontal cortex of freely mov-

ing rats using microdialysis. The effect of co-

treatment with a lower dose of RIS (0.1 mg/kg) and

FLU, on the extracellular levels of monoamines in the

rat frontal cortex, quantified using microdialysis has

not been studied, yet.

Materials and Methods

Animals

All experiments were performed on male Wistar-Han

rats (280–350 g) derived from Charles River (Ger-

many). Animals were kept in temperature- and hu-

midity-controlled rooms with a 12-h light-dark cycle

(the light on at 7 a.m.), and free access to water and

food. The experimental procedures were conducted in

a strict accordance with Polish legal regulations con-

cerning experiments on animals (Dz. U. 05.33.289).

The experimental protocols were approved by Local

Ethics Commission for Experimentation on Animals

at the Institute of Pharmacology, Polish Academy of

Sciences in Kraków.

Drugs and treatments

Animals were administered single intraperitoneal (ip)

injections of risperidone (RIS, Tocris, Bristol, UK) at

a doses of 0.1 or 1 mg/kg and FLU at a dose of

10 mg/kg (Pliva, Kraków, Poland). FLU was dis-

solved in 0.9% NaCl and RIS was dissolved in 0.1 M

tartaric acid solution and was adjusted to pH 6–7 with

0.1 M NaOH. Both of the drugs were given as indi-

cated in figures. All the chemicals used for high per-

formance liquid chromatography (HPLC) were from

Merck (Warszawa, Poland).

Microdialysis

Rats were anesthetized with ketamine (75 mg/kg im)

and xylazine (10 mg/kg im), placed in a stereotactic

apparatus (David Kopf Instruments, Tujunga, CA,

USA) and subsequently a microdialysis probes were

implanted in the rat frontal cortex with coordinates

(mm) A + 2.8, L + 0.8, V – 6.0 from the dura. Twenty

four hours after implantation, probe inlets were con-

nected to a syringe pump (CMA, Sweden) which de-

livered an artificial CSF (aCSF) composed of (mM):

NaCl 147, KCl 4.0, CaCl2 1.2, MgCl2 1.0 at a flow

rate of 2 µl/min. Baseline samples were collected

every 30 min after the washout period. Appropriate

drugs were then administered and dialysate fractions

were collected for 180 min. At the end of the experi-

ment, the rats were sacrificed and their brains were

histologically examined to validate probe placement.
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Analytical procedure

DA, 5-HT and NA were analyzed by HPLC with cou-

lochemical detection. Chromatography was performed

using the Ultimate 3000 System (Dionex, USA), cou-

lochemical detector Coulochem III (model 5300, ESA,

USA) with a 5020 guard cell, a 5014B microdialysis

cell and a Hypersil Gold-C18 analytical column (3 ×

100 mm). The mobile phase was composed of 0.05 M

potassium phosphate buffer adjusted to pH = 3.6, 0.5

mM EDTA, 16 mg/l 1-octanesulfonic acid sodium salt,

and a 2.1% methanol. The flow rate during analysis

was 0.7 ml/min. The applied potential of a guard cell

was +600 mV, while those of microdialysis cell was

E1= –50 mV, E2 = +300 mV and a sensitivity was set

at 50 nA/V. The chromatographic data were processed

by Chromeleon v. 6.80 (Dionex, USA) software run on

a PC computer.

Data analysis

The statistical significance was calculated using

repeated-measures ANOVA, followed by Tukey’s

post-hoc test. The results were considered statistically

significant when p < 0.05.

Results

The effect of a single administration of RIS and

FLU on DA release in the rat frontal cortex

There were no significant differences in the basal ex-

tracellular DA levels in the rat frontal cortex between

the various treatment groups.

RIS (0.1 and 1 mg/kg,) significantly (p < 0.01) in-

creased in a dose-dependent manner the extracellular

level of cortical DA as compared to the control group.

The increase in the extracellular DA level induced by

FLU (10 mg/ kg) was weaker than that evoked by ei-

ther dose of RIS. The combination of FLU and the

higher dose of RIS (1 mg/kg) produced a stronger ef-

fect (p < 0.01) on the extracellular level of DA than

FLU alone did (Fig. 1A, B).

The effect of a single administration of RIS and

FLU on 5-HT release in the rat frontal cortex

There were no significant differences in the basal ex-

tracellular 5-HT levels in the rat frontal cortex be-

tween the various treatment groups.

RIS (0.1 or 1 mg/kg) and FLU (10 mg/kg) signifi-

cantly increased the extracellular level of cortical

5-HT as compared to SAL group (p < 0.01). The ef-

fect of FLU and RIS 0.1 was weaker than FLU alone

(p < 0.01), while the combination of FLU with RIS

(1 mg/kg) was more potent than RIS (1 mg/kg) alone

(p < 0.01) in influencing cortical 5-HT (Fig. 2A, B).

The effect of a single administration of

RIS and FLU on NA release in the rat frontal

cortex

There were no significant differences in the basal ex-

tracellular NA levels in rat frontal cortex between the

various treatment groups.

RIS (0.1 and 1 mg/kg) and FLU (10 mg/kg) given

separately elevated the extracellular level of NA as com-
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Fig. 1. The effect of risperidone (RIS 0.1 mg/kg, A or RIS 1 mg/kg, B)
and fluoxetine (FLU 10 mg/kg, A, B) on the dopamine (DA) release in
the rat frontal cortex. Drugs were given ip as indicated with an arrow.
Each value is the mean ± SEM of 6 measurements and is expressed
as a % of the basal level. The basal extracellular levels of DA (pg/
10 µl) in animals treated with saline (SAL), RIS 0.1, RIS 1, FLU 10, RIS
0.1 + FLU, RIS 1 + FLU group were: 4.82 ± 0.49, 4.07 ± 0.14, 4.71
± 0.74, 4.54 ± 0.27, 5.29 ± 0.65, 4.77 ± 0.94, respectively. * p < 0.05
vs. saline , SAL group; a p < 0.01 FLU + RIS vs. RIS group; b p < 0.01
FLU + RIS vs. FLU group (repeated measures ANOVA and Tukey’s
post-hoc test)
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pared to the control group (p < 0.01), but the effect

of co-treatment with both those drugs was not

stronger than that after their separate administration

(Fig. 3A, B).

Discussion

In our present study we investigated the effect of RIS

at two doses (0.1 or 1 mg/kg), and FLU (10 mg/kg)

given separately or jointly, on the extracellular levels

of DA, 5-HT and NA in the rat frontal cortex of freely

moving rats using microdialysis. RIS significantly in-

creased in a dose-dependent manner the extracellular

level of cortical DA, 5-HT and NA. Consistent with

previous findings [16, 27, 28, 55, 59] atypical antipsy-

chotic agents including olanzapine (3 mg/kg), clozap-

ine (3 mg/kg) and RIS (1 mg/kg) increased both the

extracellular DA and NA levels in rat cortical areas.

Olanzapine, clozapine and RIS did not induce appre-

ciable changes in 5-HT in the prefrontal cortex, al-

though RIS was reported to increase 5-HT in the rat

medial prefrontal cortex [17, 20]. Haloperidol, a typi-

cal antipsychotic with mainly D2/D3/D4 antagonistic

properties [4] and MDL 100907, a selective 5-HT2A
antagonist [50] did not significantly change any of

these monoamine levels.

The present study has shown that FLU signifi-

cantly increased DA release, but its effect was weaker

than that induced by either doses of RIS. Moreover,

FLU significantly increased the extracellular level of

cortical 5-HT and NA. Our earlier study showed that

FLU significantly increased DA release without

change in the extracellular DOPAC and HVA level in

the rat frontal cortex. We also found that FLU in-

creased the extracellular 5-HT level in the rat frontal

cortex. However, the effect of FLU was not statisti-
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Fig. 3. The effect of risperidone (RIS 0.1 mg/kg, A or RIS 1 mg/kg, B)
and fluoxetine (FLU 10 mg/kg, A, B) on the noradrenaline (NA) re-
lease in the rat frontal cortex. Drugs were given as indicated with an
arrow. Each value is the mean ± SEM of 6 measurements and is ex-
pressed as a % of the basal level. The basal extracellular levels of NA
(pg/10 µl) in animals treated with saline (SAL), RIS 0.1, RIS 1, FLU 10,
RIS 0.1 + FLU, RIS 1 + FLU group were: 9.99 ± 0.91, 8.11 ± 0.87, 9.62
± 0.93, 8.33 ± 0.42, 11.48 ± 1.27, 10.93 ± 1.3, respectively. * p < 0.05
vs. saline, SAL group; a p < 0.01 FLU + RIS vs. RIS group; (repeated
measures ANOVA and Tukey’s post-hoc test)
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Fig. 2. The effect of risperidone (RIS 0.1 mg/kg, A or RIS 1 mg/kg, B)
and fluoxetine (FLU 10 mg/kg, A, B) on the serotonin (5-HT) release
in the rat frontal cortex. Drugs were given as indicated with an arrow.
Each value is the mean ± SEM of 6 measurements and is expressed
as a % of the basal level. The basal extracellular levels of 5-HT (pg/
10 µl) in animals treated with saline (SAL), RIS 0.1, RIS 1, FLU 10, RIS
0.1 + FLU, RIS 1 + FLU group were: 1.58 ± 0.15, 2.34 ± 0.86, 1.28
± 0.22, 1.68 ± 0.37, 1.67 ± 0.17, 1.61 ± 0.29, respectively. * p < 0.05
vs. saline, SAL group; a p < 0.01 FLU + RIS vs. RIS group; b p < 0.01
FLU + RIS vs. FLU group (repeated measures ANOVA and Tukey’s
post-hoc test)
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cally significant when the whole 5-HT curve was

compared to the control group, which indicates that

FLU effect on 5-HT release in the rat frontal cortex is

rather short-lasting, and limited to the first hour of

drug action. On the other hand, FLU significantly and

systematically decreased the extracellular 5-HIAA

levels, as the response to the 5-HT reuptake inhibition

causing disturbance in intraneuronal metabolism of

5-HT [41].

A number of previous studies showed an elevation

of the extracellular DA and 5-HT concentrations in

some brain regions, such as the frontal cortex, stria-

tum and hypothalamus following FLU administration

[11, 34, 53]. Moreover, it was shown that FLU treat-

ment elevated the extracellular levels of NA in the

prefrontal cortex [35, 59] and FLU, like citalopram

(SSRI), increased 5-HT concentration [5, 19, 24, 58].

The effect of SSRI on DA release may be indirect, for

instance, mediated by an increase in endogenous 5HT

which was shown elsewhere [21, 30]. However, cita-

lopram, unlike FLU [22, 54] did not increase the ex-

tracellular DA and NA level in rats prefrontal cortex,

as previously reported by Bymaster et al. [5] and

Koch et al. [25]. This suggests that the increased DA

and NA efflux induced by FLU alone is unlikely to be

secondary to its effect on 5-HT efflux since citalo-

pram, the most selective SSRI [45], produces

a greater increase in 5-HT efflux than FLU does [5,

12], but has no effect on the extracellular DA and NA

concentrations. Moreover, local infusion of citalo-

pram at 0.1–10 µM into the prefrontal cortex mark-

edly increased the extracellular 5-HT, but had little or

no effect on DA efflux, clearly showing that the extra-

cellular 5-HT concentrations can be substantially in-

creased by SSRIs in the frontal cortex without any

concomitant changes in the extracellular DA [37]. On

the other hand, evidence has been obtained that inhi-

bition of NA uptake in the frontal cortex enhances the

extracellular concentrations of DA as well as NA [6,

36], providing a possible mechanism of the effect of

FLU to enhance DA efflux [37].

Co-treatment with FLU and a higher dose of RIS

produced a stronger effect on the extracellular level of

cortical DA than FLU alone. We also found that co-

treatment with FLU and RIS at a lower dose

(0.1 mg/kg) was more potent than FLU alone, while

a combination of FLU with RIS at a higher dose

(1 mg/kg) was more potent than RIS alone. FLU and

RIS elevated the extracellular levels of NA, but the ef-

fect of co-treatment with both those drugs was not

stronger than these drugs caused given alone. The

previous study indicated that RIS at a dose of 1 mg/kg

significantly increased DA, 5-HT and NA in the rat

medial prefrontal cortex [20]. Citalopram (10 mg/kg)

induced a significant increase in 5-HT levels only, but

co-treatment with RIS and citalopram evoked signifi-

cantly greater increases in efflux of both DA and NA

compared to RIS alone. However, the effect of this

combination on the extracellular 5-HT concentrations

was not significantly different than that of citalopram

alone. The increase in DA and NA efflux induced by

RIS and citalopram could be partially blocked by the

selective 5-HT1A antagonist, WAY 100635, which

suggests contribution of 5-HT1A receptor stimulation

in the mechanism of action of both drugs [19].

The present biochemical data are in line with our

behavioral observation which showed that RIS at

a low dose (0.05 or 0.1 mg/kg) potentiated the anti-

depressant-like activity of FLU (10 mg/kg) or mir-

tazapine (5 mg/kg) in the forced swimming test in

rats, and the selective 5-HT1A antagonist, WAY

100635 (0.1 mg/kg) abolished that effect [43].

It is postulated further that 5-HT2A receptors play

an important role in mediating serotonin action on the

extracellular level of cortical DA. For instance, RIS is

about 20–50 times more potent in binding to 5-HT2A
receptors than to a1-adrenergic, dopamine D2-, and

a2-adrenergic ones, and also shows a slight affinity

for histamine H1 receptors [39, 47]. It is suggested

that the selectivity of RIS for 5-HT2A vs. 5-HT2C re-

ceptors offers a more favorable therapeutic option in

various mood disorders including depression. How-

ever, the addition of RIS to serotonergic ADs may

trigger complex interactions between the serotoner-

gic, dopaminergic and/or noradrenergic systems. It

has been postulated that administration of SSRIs leads

to a decrease in norepinephrine neuronal firing [44],

and subsequently, builds up resistance to its antide-

pressant action, which can be overcome by admini-

stration of RIS, a 5-HT2A receptors antagonist. RIS is

known to reverse the SSRI-induced inhibition of the

activity of norepinephrine neurons by a mechanism

involving 5-HT2A receptors [10]. Hence, the drugs

that exert both those effects (5-HT reuptake inhibition

and 5-HT2A receptor antagonism) may have a more

beneficial therapeutic action compared to SSRIs

alone.

Moreover, adrenergic a2 receptor blockade may

also contribute to the ability of the RIS and FLU co-

administration to increase DA efflux in the frontal

cortex. Adrenergic a2 receptors located in both the
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dendrites and terminals of frontocortical adrenergic

pathways exert a pronounced tonic, inhibitory influ-

ence to the efflux DA and NA in the frontal cortex

[13]. It was shown that buspirone, by activation of

5-HT1A and blockade of a2-adrenergic receptors, ele-

vated FLU-stimulated dialysate levels of DA and NA,

but not 5-HT, in the frontal cortex [14]. In addition,

idazoxan, an adrenergic-a2 receptor antagonist, en-

hanced the effect of the D2 receptor antagonist, raclo-

pride to increase DA efflux in the medial prefrontal

cortex [15]. Furthermore, earlier behavioral studies

indicated that yohimbine, an a2-adrenergic receptor

antagonist, enhanced the antidepressant-like action of

venlafaxine and FLU and potentiated the effect of

joint treatment with those antidepressants and RIS in

the forced swimming test in mice, which suggested

a role of a2-adrenoreceptors in those effects [9, 40].

It is known that FLU is metabolized primarily via

N-demethylation to the active metabolite norfluoxet-

ine. The results of in vivo and in vitro studies have in-

dicated that CYP2D6 is the major isoenzyme respon-

sible for N-demethylation of FLU with additional

contributions from CYP2C9, CYP2C19 and

CYP3A4. In vitro studies have found that FLU and

norfluoxetine are potent inhibitors of CYP2D6 and

moderate inhibitors of CYP2C9, whereas they have

a mild to moderate effect on the activity of CYP2C19

and CYP3A4. Therefore, FLU has a high potential for

clinically relevant pharmacokinetic interactions with

other agents. FLU and its active metabolite have

a long t1/2 (7–14 days), and CYP inhibition may con-

tinue for weeks after the treatment discontinuation [7,

8, 52]. A clinically relevant pharmacokinetic interac-

tion may also occur between FLU and RIS [2, 52]. In

an open-label study in 10 schizophrenic patients

co-treatment with RIS (4–6 mg/day) and FLU (20 mg/

kg) for 4 weeks was associated with a 75% elevation

in plasma concentration of the active fraction of RIS

[51]. This interaction was assumed to be the result of

inhibition of CYP2D6, the major isozyme responsible

for the 9-hydroxylation of RIS, although it is possible

that norfluoxetine also inhibited CYP3A4, blocking

both metabolic pathways for RIS. A reduction in the

RIS dose is advisable when this agent is co-

administered with FLU [51]. Interestingly, augmenta-

tion of FLU (20 mg/day) with RIS at lower doses

(0.5–3 mg/day) for patients with difficult to treat de-

pression leads to a more rapid response, higher remis-

sion rate and better quality of life, also there were no

differences in the number of adverse events between

groups (patients in RIS group and patients in the pla-

cebo group), which indicates the lack of a pharma-

cokinetic interaction [23].

In summary, the present study shows for the first

time that RIS used at a lower dose (0.1 mg/kg) in-

creases the extracellular levels of cortical DA, 5-HT

and NA. Moreover, co-treatment with FLU (10 mg/

kg) and RIS (0.1 mg/kg) was more potently increased

DA release than does FLU alone (but not 5-HT or

NA). Our present data are also in line with a previous

study which showed that RIS at a higher dose

(1 mg/kg) and FLU (10 mg/kg) increased the extracel-

lular levels of cortical DA, 5-HT and NA, and that

a combination of RIS (1 mg/kg) and FLU (10 mg/kg)

significantly increased the extracellular level of both

DA and 5-HT (but not NA). The above findings sug-

gest that the increase in the extracellular levels of DA

and 5-HT may play some role in the enhancement of

FLU efficacy by RIS, and may be of crucial impor-

tance to the pharmacotherapy of drug-resistant de-

pression. Further studies are necessary to elucidate its

mechanism of action, especially after repeated ad-

ministration of RIS (both in the lower and the higher

dose) and FLU.

Acknowledgments:

The authors wish to thank Pliva, Kraków (Poland) for the generous

gift of fluoxetine. This study was supported by the grant POIG.

01.01.02-12-004/09-00 “Depression-Mechanisms-Therapy”

financed by the European Regional Development Fund.

References:

1. Amsterdam JD, Hornig-Rohan M: Treatment algorithms

in treatment-resistant depression. Psychiatry Clin North

Am, 1996, 19, 371–386.

2. Bondolfi G, Eap CB, Bertschy G, Zullino D, Vermeulen

A, Baumann P: The effect of fluoxetine on the pharma-

cokinetic and safety of risperidone in psychotic patients.

Pharmacopsychiatry, 2002, 35, 50–56.

3. Burda K, Czubak A, Kuœ K, Nowakowska E, Ratajczak

P, Zin J: Influence of aripiprazole on the antidepressant,

anxiolytic and cognitive functions of rats. Pharmacol

Rep, 2011, 63, 898–907.

4. Bymaster FP, Rasmussen K, Calligare DO, Nelson DL,

DeLapp N, Wong DT, Moore NA: In vitro and in vivo

biochemistry of olanzapine: A novel atypical antipsy-

chotic drug. J Clin Psychiatry, 1997, 58, 28–36.

5. Bymaster FP, Zhong W, Carter PA, Shaw J, Chernet E,

Phebus L, Wong DT, Perry KW: Fluoxetine, but not

other selective serotonin uptake inhibitors, increases

noradrenaline and dopamine extracellular levels in pre-

Pharmacological Reports, 2013, 65, 1144�1151 1149

Neurochemical effects of fluoxetine and risperidone co-treatment
Katarzyna Kamiñska et al.



frontal cortex. Psychopharmacology (Berl), 2002, 160,

353–361.

6. Carboni E, Tanda GL, Frau R, Di Chiara G: Blockade of

the noradrenaline carrier increases extracellular dopa-

mine concentrations in the prefrontal cortex: evidence

that dopamine is taken up in vivo by noradrenergic termi-

nals. J Neurochem, 1990, 55, 1067–1070.

7. Daniel WA: The influence of long-term treatment with

psychotropic drugs on cytochrome P450: the involve-

ment of different mechanisms. Expert Opin Drug Metab

Toxicol, 2005, 1, 203–217.

8. Daniel WA, Haduch A, Wójcikowski J: Inhibition and

possible induction of rat CYP2D after short- and long-

term treatment with antidepressants. J Pharm Pharmacol,

2002, 54, 1545–1552.

9. Dhir A, Kulkarni SK: Risperidone, an atypical antipsy-

chotic enhances the antidepressant-like effect of venla-

faxine or fluoxetine: Possible involvement of alpha-2

adrenergic receptors. Neurosci Lett, 2008, 445, 83–88.

10. Dremenkov E, Mansari EM, Blier P: Noradrenergic aug-

mentation of escitalopram response by risperidone: elec-

trophysiologic studies in the rat brain. Biol Psychiatry,

2007, 61, 671–678.

11. Dreshfield LJ, Wong DT, Perry KW, Engleman EA:

Enhancement of fluoxetine dependent increase of extra-

cellular serotonin (5-HT) levels by (–)-pindolol, an an-

tagonist at 5-HT1A receptors. Neurochem Res, 1996, 21,

557–562.

12. Felton TM, Kang TB, Hjorth S, Auerbach SB: Effect of

selective serotonin and serotonin/noradrenaline reuptake

inhibitors on extracellular serotonin in rat diencephalons

and frontal cortex. Naunyn Schmiedebergs Arch Phar-

macol, 2003, 367, 297–305.

13. Gobert A, Rivet JM, Audinot V, Newman-Tancredi A, Cis-

tarelli L, Millan MJ: Stimultaneous quantification of sero-

tonin, dopamine and noradrenaline levels in single frontal

cortex dialysates of free-moving rats reveals a complex pat-

tern of reciprocal auto- and heteroreceptor mediated control

release. Neuroscience, 1998, 84, 413–429.

14. Gobert A, Rivet JM, Cistarelli L, Melon C, Millan MJ:

Buspirone modulates basal and fluoxetine-stimulated di-

alysate levels of dopamine, noradrenaline and serotonine

levels in the prefrontal cortex of freely moving rats: acti-

vation of serotonin1A receptors and blockade of a2-adre-

nergic receptors underling its actions. Neuroscience,

1999, 93, 1251–1262.

15. Hertel P, Fagerquist MV, Svensson TH: Enhanced corti-

cal dopamine output and antipsychotic-like effects of ra-

clopride by a2 adrenoceptor blockade. Science, 1999,

286, 105–107.

16. Hertel P, Nomikos GG, Iurlo M, Svensson TH: Risperi-

done: regional effects in vivo on release and metabolism

of dopamine and serotonin in the rat brain. Psychophar-

macology, 1996, 124, 74–86.

17. Hertel P, Nomikos GG, Schilstrom B, Arborelius L,

Svensson TH: Risperidone dose-dependently increases

extracellular concentrations of serotoninin the rat frontal

cortex: Role of a2-adrenoreceptors antagonism. Neuro-

psychopharmacology, 1997, 17, 44–55.

18. Hirose S, Ashby CR: An open pilot study combining

risperidone and selective serotonin reuptake inhibitor as

initial antidepressant therapy. J Clin Psychiatry, 2002,

63, 733–736.

19. Huang M, Ichiwara J, Li Z, Dai J, Meltzer HY: Augmen-

tation by citalopram of risperidone-induced monoamine

release in rat prefrontal cortex. Psychopharmacology,

2006, 185, 274–281.

20. Ichikawa J, Kuroki T, Dai J, Meltzer HY: Effect of an-

tipsychotic drugs on extracellular serotonin levels in rat

medial prefrontal cortex and nucleus accumbens. Eur

J Pharmacol, 1998, 351, 163–171.

21. Iyer RN, Bradberry CW: Serotonin-mediated increase in

prefrontal cortex dopamine release: pharmacological char-

acterization. J Pharmacol Exp Ther, 1996, 277, 40–47.

22. Jordan S, Kramer GL, Zukas PK, Moeller M, Petty F:

In vivo biogenic amine efflux in medial prefrontal cortex

with imipramine, fluoxetine, and fluvoxamine. Synapse,

1994, 18, 294–297.

23. Keitner GI, Garlow SJ, Ryan CE, Ninan PT, Solomon

DA, Nemeroff CB, Keller MB: A randomized, placebo-

controlled trial of risperidone augmentation for patients

with difficult-to-treat unipolar, non-psychotic major de-

pression. J Psychiatry Res, 2009, 43, 205–214.

24. Koch S, Perry KW, Bymaster FP: Brain region and dose

effects of an olanzapine/fluoxetine combination on extra-

cellular monoamine concentrations in the rat. Neurophar-

macology, 2004, 46, 232–242.

25. Koch S, Perry KW, Nelson DL, Conway RG, Threlkeld

PG, Bymaster FP: R-fluoxetine increases extracellular

DA, NA, as well as 5-HT in rat prefrontal cortex and hy-

pothalamus: an in vivo microdialysis and receptor binding

study. Neuropsychopharmacology, 2002, 27, 949–959.

26. Kumar R, Palit G, Dhawan BN: Comparative behavioral

effects of typical and atypical antipsychotic drugs in

rhesus monkey. Eur J Pharmacol, 2003, 462, 133–138.

27. Kuroki T, Meltzer HY, Ichikawa J: Effect of antipsy-

chotic drugs on extracellular dopamine levels in rat me-

dial prefrontal cortex and nucleus accumbens. J Pharma-

col Exp Ther, 1999, 288, 774–781.

28. Li XM, Perry KW, Wong DT, Bymaster FP: Olanzapine

increases in vitro dopamine  and noradrenaline release in

rat prefrontal cortex, nucleus accumbens and striatum.

Psychopharmacology, 1998, 136, 153–161.

29. Maes M, Meltzer HY: The serotonin hypothesis of major

depression. In: Psychopharmacology: The Fourth Gen-

eration of Progress. Eds. Bloom FE, Kupfer DJ, Raven

Press Ltd., New York, 1995, 933–944.

30. Matsumoto M, Togashi H, Mori K, Ueno K, Miyamoto

A, Yoshioka M: Characterization of endogenous

serotonin-mediated regulation of dopamine release in the

rat prefrontal cortex. Eur J Pharmacol, 1999, 383, 39–48.

31. Nowakowska E, Kuœ K, Polañski A, Burda K,

Nowakowska A, Sadowski C: Concomitant use of carba-

mazapine and olanzapine and the effect on some behav-

ioral functions in rats. Pharmacol Rep, 2011, 63, 372–380.

32. O’Connor M, Silver H: Additing risperidone to selective

serotonin reuptake inhibitor improves chronic depres-

sion. J Clin Psychopharmacol, 1998, 18, 89–91.

33. Ostroff RB, Nelson J: Risperidone augmentation of se-

lective serotonin reuptake inhibitors in major depression.

J Clin Psychiatry, 1999, 60, 256–259.

1150 Pharmacological Reports, 2013, 65, 1144�1151



34. Perry KW, Fuller RW: Effect of fluoxetine on serotonin

and dopamine concentration in microdialysis fluid from

rat striatum. Life Sci, 1992, 50, 1683–1690.

35. Perry KW, Fuller RW: Fluoxetine increases noradrena-

line release in rat hypothalamus as measured by tissue

levels of MHPG-SO4 and microdialysis in conscious rat.

J Neural Transm, 1997, 104, 953–966.

36. Pozzi L, Invernizzi R, Cervo L, Vallebuona F, Samanin

R: Evidence that extracellular concentrations of dopa-

mine are regulated by noradrenergic neurons in the fron-

tal cortex of rats. J Neurochem, 1994, 63, 195–200.

37. Pozzi L, Invernizzi R, Garavagia C, Samanin R: Fluoxet-

ine increases extracellular dopamine in the prefrontal

cortex by a mechanism not dependent on serotonin:

a comparison with citalopram. J Neurochem, 1999, 73,

1051–1057.

38. Rapaport MH, Gharabawi GM, Canuso CM, Mahmoud

RA, Keller MB, Bossie CA, Turkoz I et al.: Effects of

risperidone augmentation in patients with treatment-

resistant depression: results of open-label treatment fol-

lowed by double-blind continuation. Neuropsychophar-

macology, 2006, 31, 2505–2513.

39. Richelson E, Souder T: Binding of antipsychotic drugs to

human brain receptors focus on newer generation com-

pounds. Life Sci, 2000, 68, 29–39.

40. Rogó¿ Z: Effects of co-treatment with mirtazapine and

low doses of risperidone on the immobility time in the

forced swimming test in mice. Pharmacol Rep, 2010, 62,

1191–1196.

41. Rogó¿ Z, Go³embiowska K: Effect of metyrapone on the

fluoxetine-induced change in extracellular dopamine, se-

rotonin and their metabolites in the rat frontal cortex.

Pharmacol Rep, 2010, 62, 1015–1022.

42. Rogó¿ Z, Kabziñski M: Enhancement of the anti-

immobility action of antidepressants by risperidone in

the forced swimming test in mice. Pharmacol Rep, 2011,

63, 1533–1538.

43. Rogó¿ Z, Kabziñski M, Sadaj W, Rachwalska P, G¹dek-

Michalska A: Effect of co-treatment with fluoxetine or mir-

tazapine and risperidone on the active behaviors and plasma

corticosterone concentration in rats subjected to the forced

swim test. Pharmacol Rep, 2012, 64, 1391–1399.

44. Salmerón JM, Alcántara AG, Barcia D: Combination of

risperidone and serotonergic antidepressants in refractory

obsessive-compulsive disorder (Spanish). Actas Luco

Esp Neurol Psiquiatr Cienc Afines, 1998, 26, 399–402.

45. Sanchez C, Hyttel J: Comparison of the effects of antide-

pressants and their metabolites on reuptake of biogenic

amines and on receptor binding. Cell Med Neurobiol,

1999, 19, 467–489.

46. Schatzberg AF, Schildkraut J: Recent studies on norepi-

nephrine systems in mood disorders. In: Psychopharmacol-

ogy: The Fourth Generation of Progress. Eds. Bloom FE,

Kupfer DJ, Raven Press Ltd., New York, 1995, 911–920.

47. Schotte A, Janssen PF, Gommeren W, Luyten WH, Van

Gompel P, Lesage AS, De Loore K, Leysen JE: Risperi-

done compared with new and reference antipsychotic

drugs: in vitro and in vivo receptor binding. Psychophar-

macology (Berl), 1996, 124, 57–73.

48. Shelton RC: Treatment options for refractory depression.

J Clin Psychiatry, 1999, 60, Suppl 4, 57–61.

49. Shelton RC, Papakostas GI: Augmentation of antidepres-

sants with atypical antypsychotics for treatment-resistant

major depressive disorder. Acta Psychiatry Scand, 2008,

117, 253–259.

50. Sorensen SM, Kehne JH, Fadayel GM, Humphreys TM,

Ketteler HJ, Sullivan CK, Taylor VI, Schmidt CJ: Char-

acterization of 5-HT2 receptor antagonist MDL 100907

as a putative atypical antipsychotic: Behavioral, electro-

physiological and neurochemical studies. J Pharmacol

Exp Ther, 1993, 266, 684–691.

51. Spina E, Avenoso A, Scordo MG, Ancione M, Madia A,

Gatti G, Perucca E: Inhibition of risperidone metabolism

by fluoxetine in patients with schizophrenia: a clinical

relevant pharmacokinetic drug interaction. J Clin Psy-

chopharmacol, 2002, 22, 419–423.

52. Spina E, Santoro V,   in depression and mania.  In: Psy-

chopharmacology: The Fourth Generation of Progress.

Eds. Bloom FE, Kupfer DJ, Raven Press Ltd., New York,

1995, 921–931.

53. Sprouse J, Clarke T, Reynolds L, Heym J, Rollema H:

Comparison of the effects of sertraline and its metabolite

desmethylsertraline on blockade of central 5HT reuptake

in vivo. Neuropsychopharmacology, 1996, 14, 225–231.

54. Tanda G, Carboni E, Fran R, Di Chiara G: Increase of

extracellular dopamine in the prefrontal cortex: a trait of

drugs with antidepressant potential? Psychopharmacol-

ogy (Berl), 1994, 115, 285–288.

55. Volonte M, Monferini E, Cerutti M, Fodritto F, Borsini

F: BIMG 80, a novel potential antipsychotics drugs:

Evidence for multireceptor actions and prefrontal release

of dopamine in prefrontal cortex. J Neurochem, 1997,

69, 182–190.

56. Willner P: Dopaminergic mechanism in depression and

mania.  In: Psychopharmacology: The Fourth Generation

of Progress. Eds. Bloom FE, Kupfer DJ, Raven Press

Ltd., New York, 1995, 921–931.

57. Wright BM, Eiland III EH, Lorenz R: Augmentation

with atypical antipsychotics for depression: A review of

evidence-based support from the medical literature.

Pharmacotherapy, 2013, 33, 344–359.

58. Yoshino T, Nisijma K, Shioda K, Yui K, Katoh S: Pero-

spirone, a novel atypical antipsychotic drugs, potentiates

fluoxetine-induced increases in dopamine levels via mul-

tireceptor actions in the rat medial prefrontal cortex.

Neurosci Lett, 2004, 364, 16–21.

59. Zhang W, Perry KW, Wong DT, Potts BD, Bao J,

Tollefson GD, Bymaster FP: Synergistic effect of

olanzapine and other antipsychotic agents in combination

with fluoxetine on norepinephrine and dopamine release

in rat prefrontal cortex. Neuropsychopharmacology,

2000, 23, 250–262.

Received: April 17, 2013; in the revised form: June 19, 2013;

accepted: June 24, 2013.

Pharmacological Reports, 2013, 65, 1144�1151 1151

Neurochemical effects of fluoxetine and risperidone co-treatment
Katarzyna Kamiñska et al.


	1043	Review Œ Role of nitric oxide in the regulation of motor function. An overview of behavioral, biochemical and histological studies in animal models.
	El¿bieta Lorenc-Koci, Anna Czarnecka

	1056	Review Œ Hyaluronan: Towards novel anti-cancer therapeutics.
	Micha³ S. Karbownik, Jerzy Z. Nowak

	1075	Review Œ Biotechnology and genetic engineering in the new drug development. Part I. DNA technology and recombinant proteins.
	Agnieszka Stryjewska, Katarzyna Kiepura, Tadeusz Librowski, Stanis³aw Lochyñski

	1086	Review Œ Biotechnology and genetic engineering in the new drug development. Part II. Monoclonal antibodies, modern vaccines and gene therapy.
	Agnieszka Stryjewska, Katarzyna Kiepura, Tadeusz Librowski, Stanis³aw Lochyñski

	1102	Review Œ Biotechnology and genetic engineering in the new drug development. Part III. Biocatalysis, metabolic engineering and molecular modelling.
	Agnieszka Stryjewska, Katarzyna Kiepura, Tadeusz Librowski, Stanis³aw Lochyñski

	1112	MK-801, a NMDA receptor antagonist, increases phosphorylation of histone H3 in the rat medial prefrontal cortex.
	Marzena Maækowiak, Rafa³ Guzik, Dorota Dudys, Ewelina Bator, Krzysztof Wêdzony

	1124	NMDA receptor activation antagonizes the NMDA antagonist-induced antianxiety effect in the elevated plus-maze test in mice.
	Ewa Poleszak, Anna Serefko, Aleksandra Szopa, Sylwia Woœko, Jaros³aw Dudka, Andrzej Wróbel, Tomasz Oniszczuk, Piotr Wla�

	1132	Effects of co-administration of the GABAB receptor agonist baclofen and a positive allosteric modulator of the GABAB receptor, CGP7930, on the development and expression of amphetamine- induced locomotor sensitization in rats.
	Laura N. Cedillo, Florencio Miranda

	1144	Effect of risperidone on the fluoxetine-induced changes in extracellular dopamine, serotonin and noradrenaline in the rat frontal cortex.
	Katarzyna Kamiñska, Krystyna Go³embiowska, Zofia Rogó¿

	1152	Effect of topiramate on hippocampus-dependent spatial memory in rats.
	Bogus³awa Pietrzak, Agnieszka Konopka, Jakub Wojcieszak

	1163	Influence of chronic stress on brain corticosteroid receptors and HPA axis activity.
	Anna G¹dek- Michalska, Jadwiga Spyrka, Paulina Rachwalska, 
Joanna Tadeusz, Jan Bugajski

	1176	Conditioned rewarding effects of morphine and methadone in mice pre-exposed to cocaine.
	Ma³gorzata Ho³uj, Adam Bisaga, Piotr Popik

	1185	BDNF rs 6265 polymorphism and COMT rs 4680 polymorphism in deficit schizophrenia in Polish sample.
	Justyna Pe³ka-Wysiecka, Micha³ Wroñski, Andrzej Jasiewicz, Anna Grzywacz, Piotr Tybura, Jolanta Kucharska-Mazur, Przemys³aw Bieñkowski, Jerzy Samochowiec

	1194	Contribution of the mGluR7 receptor to antiparkinsonian-like effects in rats: a behavioral study with the selective agonist AMN082.
	Jolanta Konieczny, Tomasz Lenda

	1204	Properties of 3-methyl-TIQ and 3-methyl-N-propargyl-TIQ for preventing MPTP-induced parkinsonism-like symptoms in mice.
	Kanako Saitoh, Kenji Abe, Terumasa Chiba, Nobuyuki Katagiri, Toshiaki Saitoh, Yoshie Horiguchi, Hiroshi Nojima, Kyoji Taguchi

	1213	Antioxidant potential of melatonin enhances the response to L-dopa in 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine-parkinsonian mice.
	Sawsan A. Zaitone, Lamiaa N. Hammad, Noha E. Farag

	1227	Potential neuroprotective effect of ibuprofen, insights from the mice model of Parkinson™s disease.
	Maciej „wi¹tkiewicz, Ma³gorzata Zaremba, Ilona Joniec, Andrzej Cz³onkowski, Iwona Kurkowska- Jastrzêbska

	1237	Inhibition of 2,4-dinitrofluorobenzene-induced contact hypersensitivity reaction by antidepressant drugs.
	Katarzyna Curzytek, Marta Kubera, Monika Majewska-Szczepanik, Marian Szczepanik, Katarzyna Marciñska, W³odzimierz Ptak, Weronika Duda, Monika Leœkiewicz, Agnieszka Basta-Kaim, Bogus³awa Budziszewska, W³adys³aw Lasoñ, Michael Maes

	1247	Effect of antidepressant drugs on cytochrome P450 2C11 (CYP2C11) in rat liver.
	Jacek Wójcikowski, Anna Haduch, W³adys³awa Anna Daniel

	1256	Association between the HLA-B*15:02 allele and carbamazepine-induced Stevens-Johnson syndrome/toxic epidermal necrolysis in Han individuals of northeastern China.
	Xiao-Jing He, Ling-Yan Jian, Xiao-Lin He, Yan Wu, Yuan-Yuan Xu, Xiao-Jie Sun, Li-Yan Miao, Li-Mei Zhao

	1263	Relationship of chemical structure and anti-inflammatory activity of dihydrocorynantheol and its analogues.
	Patrícia Pozzatti, Gustavo O. dos Reis, Danielle F. Pereira, Heros Horst, Leandro Espindola, Melina Heller, Gustavo A. Micke, Moacir G. Pizzolatti, Tânia S. Fröde

	1272	Comparison of the effects of crocin, safranal and diclofenac on local inflammation and inflammatory pain responses induced by carrageenan in rats.
	Esmaeal Tamaddonfard, Amir-Abbas Farshid, Karim Eghdami, Farzad Samadi, Amir Erfanparast

	1281	Simulation of early after-depolarisation in non-failing human ventricular myocytes: Can this help cardiac safety pharmacology?
	Bernard Christophe

	1294	Binding of new aminopropan-2-ol compounds to bovine serum albumin, a1-acid glycoprotein and rat serum using equilibrium dialysis and LC/MS/MS.
	Maria Walczak

	1304	Levosimendan and its metabolite OR-1896 elicit KATP channel-dependent dilation in resistance arteries in vivo.
	Ildikó Gödény, Piero Pollesello, István Édes, Zoltán Papp, Zsolt Bagi

	1311	Monocyte-suppressing effect of high-dose metformin in fenofibrate-treated patients with impaired glucose tolerance.
	Robert Krysiak, Anna Gdula-Dymek, Bogus³aw Okopieñ

	1318	Effects of octane derivatives on activity of the volume-regulated anion channel in rat pancreatic b-cells.
	Len Best, Peter D. Brown

	1322	Glucocorticoid receptor regulates organic cation transporter 1 (OCT1, SLC22A1) expression via HNF4a upregulation in primary human hepatocytes.
	Alice Rulcova, Lucie Krausova, Tomas Smutny, Radim Vrzal, Zdenek Dvorak, Ramiro Jover, Petr Pavek

	1336	Therapeutic efficacy of naringin on cyclosporine (A) induced nephrotoxicity in rats: Involvement of hemeoxygenase-1.
	Yamini Chandramohan, Chetenchery Somasundaram Parameswari

	1345	Do effects of propranolol on the skeletal system depend on the estrogen status?
	Leszek „liwiñski, Joanna Folwarczna, Maria Pytlik, Urszula Cegie³a, Barbara Nowiñska, Hanna Trzeciak, Henryk I. Trzeciak

	1357	Proteasome inhibitor inhibits proliferation and induces apoptosis in renal interstitial fibroblasts.
	Bingbing Zhu, Yuanmeng Jin, Lin Han, Hui Chen, Fang Zhong, Weiming Wang, Nan Chen

	1366	Inhibition of Wnt/b-catenin signaling mediates ursolic acid-induced apoptosis in PC-3 prostate cancer cells.
	Ji-Hyuk Park, Hee-Young Kwon, Eun Jung Sohn, Kyung A Kim, Bonglee Kim, Soo-Jin Jeong, Jun ho Song, Jin Suk Koo, Sung-Hoon Kim

	1375	Effect of CYP2C9 and VKORC1 genetic variations on warfarin dose requirements in Indian patients.
	Sripriya Natarajan, Chandrashekhar K. Ponde, Rajesh M. Rajani, Farah Jijina, Roopkumar Gursahani, Pradnya P. Dhairyawan, Tester F. Ashavaid

	1383	Pharmacokinetics of sunitinib in combination with fluoroquinolones in rabbit model.
	Edyta Sza³ek, Agnieszka Karbownik, Tomasz Grabowski, Katarzyna Sobañska, Anna Wolc, Edmund Grzeœkowiak

	SHORT COMMUNICATIONS
	1401	Effect of combined treatment with mirtazapine and risperidone on the MK-801-induced changes in the object recognition test in mice.
	Zofia Rogó¿


	1407	Ivabradine (a hyperpolarization activated cyclic nucleotide-gated channel blocker) elevates the threshold for maximal electroshock-induced tonic seizures in mice.
	Jarogniew J. £uszczki, Andrzej Prystupa, Marta Andres-Mach, Ewa Marzêda, Magdalena Florek-£uszczki

	1415	Potential neurotoxic effect of ethylene glycol ethers mixtures.
	Bartosz Pomierny, Andrzej Starek, Weronika Krzy¿anowska, Beata Starek-„wiechowicz, Irena Smaga, Lucyna Pomierny-Chamio³o, Magdalena Regulska, Bogus³awa Budziszewska

	1422	Effects of nifedipine on the pharmacokinetics 
of repaglinide in rats: Possible role of CYP3A4 and P-glycoprotein inhibition by nifedipine.
	Jin-Seok Choi, In Choi, Dong-Hyun Choi

	1431	Gender-dependent activity of CYP3A is indirectly modified by GR in the noradrenergic system.
	Marta Kot, Grzegorz Kreiner, Piotr Chmielarz, Justyna Kuœmierczyk, Irena Nalepa, W³adys³awa A. Daniel
	1437	Note to Contributors





	content
	cont
	contents_3'2005
	contents

