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Mirtazapine (MIR) is an antidepressant drug which enhances noradren-
ergic and serotonergic 5-HT

��
neurotransmission via antagonistic action at

central �
�
-adrenergic autoreceptors and heteroreceptors. We reported earlier

that tricyclic antidepressants administered repeatedly induced adaptive changes
in the central dopaminergic D

�
/D

�
receptors. Therefore, we designed our pre-

sent study to determine whether repeated MIR treatment could evoke similar
effect. The experiments were carried out on male Wistar rats. MIR was ad-
ministered at a dose of 10 mg/kg once or repeatedly (twice daily for 14 days).
The obtained results showed that MIR administered repeatedly potentiated
the hyperlocomotion induced by D-amphetamine but not by quinpirole or
7-OH-DPAT. Biochemical study showed that MIR administered repeatedly
decreased the binding of [�H]quinpirole (a D

�
/D

�
receptor agonist) in the

shell part of the nucleus accumbens septi and in the islands of Calleja but did
not change the binding in the nucleus caudatus (medial or lateral). On the
other hand, both acute and repeated drug treatment did not change the
[�H]7-OH-DPAT (a D

�
receptor agonist) binding sites in the islands of Cal-

leja as well as in the shell part of nucleus accumbens septi. In addition, MIR
did not alter the level of mRNA encoding dopamine D

�
receptors, not only

after repeated but also after acute treatment. The above results indicate that
repeated MIR administration did not induce any adaptive change (behavioral
and biochemical changes) in the dopaminergic D

�
/D

�
system.
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INTRODUCTION

Mirtazapine (Org 3770) (1,2,3,4,10,14b-hexa-
hydro-2-methyl-pyrazino[2,1-alpyridol[2,3-c][2]-
benzazepine, MIR), the 6-aza-analogue of mianse-
rin, is an antidepressant drug (AD) which enhances
noradrenergic and serotonergic 5-HT�� neurotrans-
mission via antagonistic action at central ��-adre-
nergic autoreceptors and heteroreceptors and block-
ade of 5-HT� and 5-HT� receptors [4–7, 13]. The
drug does not inhibit noradrenaline or serotonin re-
uptake [5, 29].

Biochemical and behavioral studies in animals
have shown that MIR administered repeatedly in-
duced significant down-regulation of 5-HT�� recep-
tors, and it reduced slightly the density of ��-adreno-
receptors in the frontal cortex of rats [28]. The drug
given repeatedly (10 mg/kg for 14 days) increased
the responsiveness of the ��-adrenergic system (be-
havioral and biochemical changes) [35].

Our earlier studies of recent years have shown
that ADs administered repeatedly, but not at a sin-
gle dose, potentiated behavioral effects (locomotor
hyperactivity, exploration) evoked by dopaminer-
gic stimulants such as amphetamine (AMP), quin-
pirole (QUI, a D�/D� agonist) or 7-OH-DPAT (a D�

agonist) [21, 24–26]. These findings indicate that
ADs given repeatedly activate the dopaminergic
system by increasing its responsiveness to various
stimulants, including dopamine (endogenous neu-
romediator). Further support to this concept comes
from biochemical results which show that repeated
administration of ADs increase the binding (den-
sity and affinity) at dopamine D� and D� receptors
in certain brain structures [21, 22, 32]. Also the
concentration of mRNA encoding dopamine D� re-
ceptors is raised [9].

The antidepressant activity of MIR in the clinic
is comparable to that of typical tricyclics such as
amitriptyline and clomipramine [31, 42].

In the light of the abovementioned data, we de-
cided to study the effects of repeated administration
with MIR on the dopaminergic D�/D� system. To
this end, we administered MIR for two weeks
(twice daily), i.e. for a period and with a dosage
generally accepted in the treatment with tricyclics,
and examined its influence on the effects of dopa-
minergic agonists in the AMP-, QUI- or 7-OH-
-DPAT-induced locomotor hyperactivity test.

In addition, we also applied receptor autora-
diography to study the effect of repeated admini-

stration of MIR on the binding at dopamine D� and
D� receptors as well as on the concentration of
mRNA coding for D� receptor in the nucleus ac-
cumbens, islands of Calleja and nucleus caudatus,
i.e. brain regions considered to be abundant in D�

and D� receptors.

MATERIALS and METHODS

Animals

The experiments were carried out on male Wis-
tar rats, ca. 80 days old, weighing 220–230 g at the
beginning of the study. After 14 days of repeated
drug administration, the weight of animals in-
creased up to 270–300 g. The animals had free ac-
cess to food and water before the experiment and
were kept at constant room temperature (22 ± 1°C),
under a 12/12 h light/dark cycle (light on at 7 a.m.).
Experimental protocols were approved by Ethics
Committee and met guidelines of the relevant
agency of the Institute of Pharmacology.

Drugs

D-Amphetamine sulfate (AMP; Sigma, St.
Louis, USA), (±)-7-hydroxy-dipropylaminotetralin
hydrobromide (7-OH-DPAT; Research Biochemi-
cals Int., USA), mirtazapine (MIR, Organon, The
Netherlands), quinpirole hydrochloride (QUI, Re-
search Biochemicals Int., USA).

Drug administration

MIR (10 mg/kg) was suspended in 1% aqueous
solution of Tween 80 and was administered per-
orally (po) with a stomach tube, once (acute treat-
ment) or repeatedly (twice daily for 14 days). All
animals received treatment twice daily for 14 days.
Control animals received vehicle for the whole ex-
perimental period while the repeatedly treated ani-
mals received the appropriate drug. The animals
treated acutely received saline for 13 days, and on
the day 14, they received the appropriate drug, so
all groups of animals were handled in the same
manner. Using this experimental paradigm, we
avoided the effect of a single intragastric intubation
which inevitably, as a stressful event for an animal,
may mask or change the actual effect of acute ad-
ministration of the studied drug. Moreover, all
groups of animals, treated acutely or repeatedly,
were taken for experiments at the same time.
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The behavioral tests were carried out at 2 or 72 h
after a single (acute treatment) or last dose (re-
peated treatment) of MIR. The rats used for bio-
chemical experiments were sacrificed at 2 or 72 h
after a single (acute treatment) or the last dose (re-
peated treatment) of MIR. The tissue was dissected
out, frozen on dry ice and stored until used for
autoradiography or in situ hybridization.

Data analysis

The behavioral data were evaluated by one-way
analysis of variance (ANOVA) followed, when ap-
propriate, by individual comparisons with the con-
trol using Dunnett’s test.

The autoradiograms were analyzed using a
computer imaging system MCID-M1 (Canada) and
quantified with the use of computer-generated
curves derived from the standards. Film images of
sections showing nonspecific binding were sub-
tracted from the images of adjacent sections with
total binding, thus permitting direct observation of
images representing specific binding on screen.
The effect of each treatment on regional densities
of the labelled receptors was compared with the ap-
propriate control level using ANOVA, followed by
Dunnett’s test.

BEHAVIORAL STUDIES

D-amphetamine-. quinpirole- or 7-OH-DPAT-

induced locomotor hyperactivity

Locomotor activity was measured in photore-
sistor actometers (two light beams, two photoresis-
tors; L × W × H = 40 × 40 × 25 cm), starting at 2 or
72 h after single (acute experiment) or last (re-
peated experiment) administration of MIR or sa-
line. AMP (0.5 mg/kg sc) or QUI (0.3 mg/kg sc)
was given at 90 min or 71.5 h and 7-OH-DPAT
(3 mg/kg sc) at 2 or 72 h after MIR or vehicle admi-
nistration. Locomotor activity measurement started
30 min after AMP and QUI or 5 min after 7-OH-
DPAT administration, and lasted for 1 h (AMP) or
2 h (QUI or 7-OH-DPAT). Each experimental
group consisted of 8 rats.

BIOCHEMICAL STUDIES

After administration of MIR or vehicle, the rat
brains were carefully removed and rapidly frozen
in dry ice liquid n-heptane. Consecutive coronal

sections (12 �m) were cut at –19°C using a cryostat
Jung CM 3000 (Leica). The effect of the drugs on
dopamine D�/D� receptor expression was evaluated
in the coronal sections between at the levels 1.0–
1.7 mm from bregma and between 10.0–10.7 mm
from interaural line including nucleus caudatus, nu-
cleus accumbens septi, olfactory tubercles and is-
lands of Calleja, according to the Paxinos and Wat-
son rat brain atlas [30].

Dopamine D
�
/D

�
receptor binding in the rat nu-

cleus accumbens septi, nucleus caudatus and

islands of Calleja; autoradiographic procedure

Receptor binding with [�H]QUI was visualized
using the procedure described by Levant and de
Souza [16] and Rogo¿ and Dziedzicka-Wasylewska
[32]. Briefly, the sections were preincubated for
10 min at room temperature in 50 mM Tris-HCl
buffer (pH 7.4) containing the following ions: 5 mM
KCl, 2 mM MgCl� and 2 mM CaCl�. The sections
were then incubated in the same buffer with 10 nM
radioligand at room temperature for 90 min. Non-
specific binding was determined with 1 �M (+)-bu-
taclamol. The experiment was terminated by dip-
ping the sections in ice-cold buffer and rinsing
them twice in distilled water. The sections were
then dried as described above. Each experimental
group consisted of 6–8 rats.

Dopamine D
�

receptor binding in the rat nucleus

accumbens septi and islands of Calleja: autora-

diographic procedure

Dopamine D� receptors were labeled with [�H]-
7-OH-DPAT, as described by Lévesque et al. [17]
and Maj et al. [21, 23]. Briefly, the tissue sections
were first preincubated for 10 min at room tem-
perature in 50 mM HEPES/NaOH buffer (pH 7.5),
containing 1 mM EDTA and 0.1% bovine serum al-
bumin. Sections were then incubated in the buffer
described above with 0.5–1 nM of [�H]7-OH-DPAT.
To determine nonspecific binding, parallel sections
were incubated in the presence of 10 �M of dopa-
mine. Following the incubation, the tissue sections
were washed four times in ice-cold 50 mM HEPES/
NaOH buffer (pH 7.5), containing 100 mM NaCl,
rinsed twice in distilled water and then dried in
cool air.

After the experiments, the sections together
with tritiated standards (Amersham) were exposed
to [�H]-Hyperfilm (Amersham) at 4°C, for 6–8
weeks. Following this period, the films were deve-
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loped, fixed and washed under running water. Each
experimental group consisted of 6–8 rats.

The level of mRNA encoding dopamine D
�

recep-

tors in the nucleus accumbens septi and nucleus

caudatus

The effect of MIR on the level of mRNA en-
coding dopamine D� receptors was determined as
described previously [9], using a commercially
available mixture of 48-mer synthetic deoxyoligo-
nucleotides complementary to bases 4-51, 766-813
and 901-948 of the rat D� dopamine receptor (NEN
Du Pont), which was labeled using [�*S]dATP
(1,200 Ci/mmol, NEN DuPont) with terminal
transferase (Roche Molecular Biochemicals). Each
experimental group consisted of 6–8 rats.

RESULTS

BEHAVIORAL STUDY

D-Amphetamine-induced locomotor

hyperactivity

AMP at a dose of 0.5 mg/kg increased the loco-
motor activity of the rats in comparison with the
control (vehicle-injected) group.

MIR (10 mg/kg), given at a single dose, af-
fected neither the locomotor activity of naive rats
(data not shown) nor the locomotor hyperactivity
induced by AMP (0.5 mg/kg), as shown in Table 1.

Table 1. Effect of mirtazapine (MIR) administered at a single
dose or repeatedly on the AMP-induced hyperactivity in rats

Compounds Activity counts
(mean ± SEM)

Vehicle + vehicle

Vehicle + AMP

MIR, single + AMP, 2 h

MIR, single + AMP, 72 h

MIR, repeated + AMP, 2 h

MIR, repeated + AMP, 72 h

110.4 ± 10.2

338.0 ± 29.8*

419.1 ± 56.4

352.4 ± 40.2

657.1 ± 143.5�

668.7 ± 102.3�

MIR (10 mg/kg po) was given at a single dose or repeatedly
(twice daily, 14 days). AMP (0.5 mg/kg sc) was injected at
90 min or 71.5 h after the single dose or after the last administra-
tion of MIR. The measurement of the locomotor activity began
30 min after the AMP injection and lasted for 1 h. Data represent
means ± SEM, n = 8. Statistical evaluation was carried out by
ANOVA followed by Dunnett’s test, * p < 0.001 vs. vehicle-
-treated group; � p < 0.05 vs. AMP-treated group

Repeated treatment with MIR (10 mg/kg) in-
creased the locomotor hyperactivity induced by
AMP in rats (measured at 2 or 72 h after the last ad-
ministration of this antidepressant) (Tab. 1).

Quinpirole-induced locomotor hyperactivity

QUI (0.3 mg/kg) induced the locomotor hyper-
activity in rats (Tab. 2).

MIR (10 mg/kg) given acutely or repeatedly did
not change the locomotor hyperactivity evoked by
QUI (0.3 mg/kg) in rats (Tab. 2).

Table 2. Effect of mirtazapine (MIR) administered at a single
dose or repeatedly on the QUI-induced hyperactivity in rats

Compounds Activity counts
(mean ± SEM)

Vehicle + vehicle

Vehicle + QUI

MIR, single + QUI, 2 h

MIR, single + QUI, 72 h

MIR, repeated + QUI, 2 h

MIR, repeated + QUI, 72 h

150.3 ± 10.9

718.9 ± 57.0*

830.3 ± 151.8

1024.7 ± 162.5

1066.9 ± 220.8

973.9 ± 145.0

MIR (10 mg/kg po) was given at a single dose or repeatedly
(twice daily, 14 days). QUI (0.3 mg/kg sc) was injected at
90 min or 71.5 h after the single dose or after the last administra-
tion of MIR. The measurement of the locomotor activity began
30 min after the QUI injection and lasted for 2 h. Data represent
means ± SEM, n = 8. Statistical evaluation was carried out by
ANOVA followed by Dunnett’s test, * p < 0.001 vs. vehicle-
-treated group

Table 3. Effect of mirtazapine (MIR) administered at a single
dose or repeatedly on the 7-OH-DPAT-induced hyperactivity
in rats

Compounds Activity counts
(mean ± SEM)

Vehicle + vehicle

Vehicle + 7-OH-DPAT

MIR, single + 7-OH-DPAT, 2 h

MIR, single + 7-OH-DPAT, 72 h

MIR, repeated + 7-OH-DPAT, 2 h

MIR, repeated + 7-OH-DPAT, 72 h

177.5 ± 16.6

898.0 ± 153.7*

829.7 ± 160.4

784.5 ± 162.5

846.7 ± 118.5

761.6 ± 132.0

MIR (10 mg/kg po) was given at a single dose or repeatedly
(twice daily, 14 days). 7-OH-DPAT (3 mg/kg sc) was injected
at 2 or 72 h after the single dose or after the last administration
of MIR. The measurement of the locomotor activity began
5 min after the 7-OH-DPAT injection and lasted for 2 h. Data
represent means ± SEM, n = 8. Statistical evaluation was carried
out by ANOVA followed by Dunnett’s test, * p < 0.001 vs.
vehicle-treated group
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7-OH-DPAT-induced locomotor hyperac-

tivity

7-OH-DPAT (3 mg/kg) induced the locomotor
hyperactivity in rats (Tab. 3).

MIR (10 mg/kg) given acutely or repeatedly did
not change the locomotor hyperactivity evoked by
7-OH-DPAT (3 mg/kg) in rats (Tab. 3).

BIOCHEMICAL STUDY

Dopamine D2/D3 receptor binding

in the rat nucleus accumbens septi,

nucleus caudatus and islands of Calleja:

autoradiographic procedure

[
�
H]quinpirole

In the nucleus accumbens septi, the density of
[�H]QUI binding sites was slightly decreased (both
in the shell and core parts) after acute and repeated
treatment with MIR. The decrease was observed at
72 h after acute treatment (but the difference was
not statistically significant) or at 2 h after repeated
treatment with MIR (statistically significant only in
shell part) (Tab. 4).

Acute treatment with MIR did not induce any
change in the binding of [�H]QUI in the nucleus
caudatus (both in the lateral and medial parts). Re-
peated treatment with that drug induced a slight de-
crease in the binding of [�H]QUI in the nucleus
caudatus. The most pronounced changes were ob-
served at 2 h after the last dose of the drug (but the
difference was not statistically significant) (Tab. 4).

[�H]QUI binding sites in the islands of Calleja
might be regarded as dopamine D� receptors, since
this brain region lacks dopamine D� receptors.
Only repeated treatment with MIR induced signifi-
cant decrease in the density of [�H]QUI binding
sites in the islands of Calleja at 2 h (but not at 72 h)
after the last treatment with MIR (Tab. 4).

[
�
H]7-OH-DPAT

MIR administered acutely or repeatedly did not
induce any significant changes in the binding of
[�H]7-OH-DPAT to dopamine D� receptors in the
shell region of nucleus accumbens septi or in is-
lands of Calleja (Tab. 5).

Table 5. Effect of mirtazapine (MIR) administered at a single
dose or repeatedly on the binding of [�H]7-OH-DPAT to dopa-
mine D� receptors in the rat brain regions

Compound
fmol/mg tissue (mean ± SEM)

Shell part of NAS Islands of Calleja

Vehicle

MIR, single, 2 h

MIR, single, 72 h

MIR, repeated, 2 h

MIR, repeated, 72 h

15.93 ± 0.72

14.37 ± 0.82

15.02 ± 0.62

14.46 ± 0.75

15.14 ± 1.59

32.88 ± 0.85

28.96 ± 1.59

29.51 ± 1.94

29.04 ± 2.82

28.26 ± 2.83

MIR (10 mg/kg po) was given at a single dose or repeatedly
(twice daily, 14 days). Rat brains were taken for an autoradio-
graphic analysis 2 or 72 h after the single dose or after the last
administration of MIR. Data represent means ± SEM (fmol/mg
protein), n = 6–8. Statistical significance was evaluated by
ANOVA followed by Dunnett’s test. NAS – nucleus accum-
bens septi
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Table 4. Effect of mirtazapine (MIR) administered at a single dose or repeatedly on the binding of [�H]quinpirole to D�/D� receptors
in the rat brain regions

Compound
fmol/mg tissue (mean ± SEM)

Shell part of NAS Core part of NAS Lateral part of NC Medial part of NC Islands of Calleja

Vehicle

MIR, single, 2 h

MIR, single, 72 h

MIR, repeated, 2 h

MIR, repeated, 72 h

42.78 ± 3.66

49.83 ± 2.89

33.98 ± 2.88

26.02 ± 2.96**

38.60 ± 4.85

48.84 ± 4.94

56.42 ± 3.51

39.66 ± 3.69

36.02 ± 2.86

46.59 ± 4.13

55.65 ± 5.23

63.01 ± 4.49

55.00 ± 6.21

40.23 ± 2.36

59.35 ± 4.49

47.47 ± 3.86

53.22 ± 2.25

46.88 ± 5.53

36.96 ± 3.20

46.23 ± 4.39

76.82 ± 6.30

76.25 ± 4.14

63.90 ± 2.39

59.09 ± 5.92*

63.67 ± 3.57

MIR (10 mg/kg po) was given at a single dose or repeatedly (twice daily, 14 days). Rat brains were taken for an autoradiographic
analysis 2 or 72 h after the single dose or after the last administration of MIR. Data represent means ± SEM (fmol/mg protein),
n = 6–8. Statistical significance was evaluated by ANOVA followed by Dunnett’s test, * p < 0.05, ** p < 0.001 vs. vehicle-treated
group. NAS – nucleus accumbens septi, NC – nucleus caudatus



The level of mRNA encoding dopamine

D2 receptors in the nucleus accumbens

septi and nucleus caudatus

The level of mRNA coding for dopamine D� re-
ceptor in the nucleus accumbens septi or nucleus
caudatus was not changed after acute or repeated
treatment with MIR (Tab. 6).

DISCUSSION

The aim of the present study was to investigate
the effect of a new antidepressant MIR, adminis-
tered acutely or repeatedly (14 days), on the dopa-
mine D� and D� receptors. The influence of re-
peated treatment was of special interest, since we
attempted to determine adaptive changes in these
receptors.

The behavioral results obtained in the present
study indicate that repeated treatment with MIR in-
creased AMP-induced locomotor hyperactivity,
whereas single dose treatment did not change the
effect of AMP. On the other hand, the locomotor
hyperactivity induced by QUI, a dopamine D�/D�
agonist [36, 38, 39], was not changed by repeated
treatment with MIR. Similarly, the locomotor hy-
peractivity induced by 7-OH-DPAT, relatively se-
lective D� receptor agonist [3, 17, 38, 39], was also
not changed by repeated treatment with MIR. The
above results indicate that repeated MIR admini-
stration increased only the hyperlocomotion in-
duced by AMP but not by QUI or 7-OH-DPAT. It is
well known that AMP releases noradrenaline be-
side dopamine, and both substances possibly exert

additive effect causing locomotor hyperactivity.
Our previous behavioral and biochemical experi-
ments indicate that repeated treatment with various
ADs, including MIR enhanced responsiveness of
��-adrenoreceptors [20, 34, 35]. Therefore, it may
be concluded that MIR administered repeatedly did
not induce any changes in functional responsive-
ness of dopaminergic D� and D� receptors but
enhanced responsiveness of ��-adrenoreceptors,
thereby enhancing AMP-induced locomotor hyper-
activity [35]. In contrast to MIR, tricyclic ADs and
citalopram, administered repeatedly increased fun-
ctional responsiveness of dopamine D� and D� re-
ceptors, potentiating behavioral effects evoked by
various dopaminergic stimulants, such as AMP, QUI
or 7-OH-DPAT [21, 25, 26, 33]. Also repeated ad-
ministration of mianserin, structural analog of
MIR, which, in contrast to MIR, has a high affinity
for monoaminergic receptors, induced up-regula-
tion of dopaminergic D� and D� receptors, demon-
strated in behavioral and biochemical studies [21,
25, 26].

Our present autoradiographic studies indicate
that MIR administered acutely or repeatedly not
only did not increase the binding of [�H]QUI in the
nucleus caudatus as well as in the core part of the
nucleus accumbens septi but even decreased it (at
2 h after the last dose of repeated MIR treatment) in
the shell part of the nucleus accumbens septi and
islands of Calleja. These findings are difficult to
explain. At 2 h after the administration, MIR is still
present in the rat brain [4] in the vicinity of dopa-
minergic receptors, which might be a cause of the
decreased labeling observed in the binding studies,
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Table 6. Effect of mirtazapine (MIR) administered at a single dose or repeatedly on the level of mRNA coding for dopamine D� re-
ceptors in rat brain regions

Coumpound
Optical density values (mean ± SEM)

Shell part of NAS Core part of NAS Lateral part of NC Medial part of NC

Vehicle

MIR, single, 2 h

MIR, single, 72 h

MIR, repeated, 2 h

MIR, repeated, 72 h

0.017 ± 0.004

0.019 ± 0.004

0.018 ± 0.002

0.015 ± 0.019

0.010 ± 0.003

0.016 ± 0.004

0.018 ± 0.018

0.023 ± 0.002

0.018 ± 0.001

0.015 ± 0.003

0.019 ± 0.001

0.017 ± 0.004

0.017 ± 0.002

0.021 ± 0.003

0.016 ± 0.003

0.015 ± 0.002

0.018 ± 0.002

0.015 ± 0.007

0.018 ± 0.003

0.013 ± 0.006

MIR (10 mg/kg po) was given at a single dose or repeatedly (twice daily, 14 days). Rat brains were taken for an autoradiographic
analysis 2 or 72 h after the single dose or after the last administration of MIR. Data represent means ± SEM of optical density values
obtained by averaging measurements of 4–5 sections obtained from 6–8 animals per group. Statistical significance was evaluated
by ANOVA followed by Dunnet’s test. NAS – nucleus accumbens septi, NC – nucleus caudatus



just because of physical interaction of MIR with
[�H]QUI used as a ligand or because of alterations
in the neuronal membrane fluidity. On the other
hand, our studies showed that imipramine, amitrip-
tyline, citalopram and mianserin enhanced the
binding of [�H]QUI in these brain regions [32].

In the present study, we have also investigated
the effect of MIR on the binding of [�H]-7-OH-
-DPAT in the shell region of the nucleus accumbens
septi and in the islands of Calleja, the brain regions
with the highest expression of dopamine D� recep-
tors [2, 10, 12, 17]. The obtained results indicate
that MIR administered acutely or repeatedly did
not induce any significant changes in the binding of
[�H]-7-OH-DPAT to dopamine D� receptors in any
of the studied brain regions. In contrast to MIR,
imipramine amitriptyline, citalopram and mian-
serin enhanced the binding of [�H]-7-OH-DPAT in
these brain regions [21]. Moreover, our results indi-
cated that MIR administered acutely or repeatedly
did not alter the level of mRNA encoding for dopa-
mine D� receptors not only after repeated but also
after acute treatment.

Dopaminergic system involvement in the me-
chanism of action of ADs has been well docu-
mented. As Willner and Maj concluded on the basis
of animal studies, repeated treatment with ADs of
all kinds led to an increase in behavioral respon-
siveness to D�/D� receptor agonists [19, 41]. The
mechanism of this apparent increase in the receptor
sensitivity has been examined in a number of stu-
dies in recent years. Dziedzicka-Wasylewska et al.
[9] reported that in the rat brain, imipramine, cita-
lopram and (+)-oxaprotiline, were able to up-regu-
late mRNA coding for dopamine D� receptors,
manifesting itself as a rise in its level. This finding
was subsequently confirmed by Dziedzicka-Wasy-
lewska and Rogo¿ [8] in the rat caudate putamen
following repeated administration of imipramine.
That study also showed that D� receptor was likely
to undergo functional up-regulation with enhanced
biosynthesis as a result of antidepressant treatment.
In addition, it has been reported that chronic treat-
ment with fluoxetine, desipramine and tranylcy-
promine induced an increase in dopamine D� re-
ceptor mRNA in the nucleus accumbens, mainly in
the shell, but not in the striatum [1]. Up-regulation
of both D� and D� receptor types was shown by
Rogo¿ and Dziedzicka-Wasylewska [32] in the rat
forebrain following ADs administration, while
Lammers et al. [15] reported that a selective in-

crease in dopamine D� receptor gene expression
may be a common effect of repeated antidepressant
treatment.

It is now generally acknowledged that dopa-
mine deficiency or some other form of defect in do-
paminergic transmission is almost certainly an im-
portant factor in the etiopathogenesis of at least
some forms of depressive disorder [27, 37, 40]. In
the light of the present study, it seems that the lack
of adaptive changes in the dopaminergic D� and D�
receptors after repeated treatment with MIR is of
no significance for the therapeutic action of MIR in
humans.

However, the overall antidepressant activity of
MIR is believed to result from combined noradren-
ergic and serotonergic effects. In particular, its phar-
macological profile is characterized by antagonistic
action at central ��-adrenergic autoreceptors and
heteroreceptors, as well as by the blockade of post-
synaptic serotonin 5-HT� and 5-HT� receptors [4].
Studies in animal models have shown that the firing
rate of serotonergic neurons is increased soon after
the administration of MIR (in contrast to the selec-
tive serotonin reuptake inhibitors [SSRIs], which
reduce the firing rate soon after administration),
which suggests that the drug may have a faster on-
set of action than the SSRIs [4]. Furthermore, the
antagonistic effect of MIR at 5-HT� and 5-HT� re-
ceptors may determine therapeutic profile of the
drug, namely its anxiolytic effect, improved sleep
and lack of adverse effects typical of SSRI, such as
agitation, restlessness, sexual dysfunction, nausea,
vomiting and headache [4]. Moreover, clinical
studies revealed the high therapeutic efficacy of
MIR in treating pathological craving for alcohol,
and alcohol-related affective disorders. The drug
had also anxiolytic, hypnotic effects and stabilized
vegetative functions. On this basis, MIR has been
recommended as an effective and harmless medica-
tion to be included in the complex therapeutic pro-
grams for treating alcoholic patients [14, 18]. The
behavioral studies also seem to indicate possible
importance of serotonin 5-HT��2�$ receptor antago-
nists in the therapy of cocaine addiction [11]. It is
tempting to suggest that similar mechanism may
underline the effectiveness of MIR in treating alco-
hol craving. Two-week MIR administration in rats
caused significant down-regulation of 5-HT� recep-
tors in the frontal cortex, however that drug had no
direct effects on 5-HT�� receptor function in rats,
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according to the test measuring hypothermic re-
sponse to 8-OH-DPAT [9].

Summing up, in contrast to other ADs, MIR ad-
ministered repeatedly did not induce any adaptive
(behavioral and biochemical) changes in the dopa-
mine D� and D� receptors.

Therefore, the profile of affinity for neurotrans-
mitter receptors (a property which distinguishes
MIR from tricyclic ADs and mianserin, the ana-
logue of MIR) seems to be of significance for the
development of adaptive changes, observed after
repeated treatment with ADs, at least in the dopa-
mine D� and D� receptors.
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