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ON THE CENTRAL �1-ADRENERGIC SYSTEM
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Effect of repeated treatment with reboxetine on the central ��-adrenergic system.
Z. ROGÓ¯, W. KOLASIEWICZ. Pol. J. Pharmacol., 2001, 53, 663–667.

The obtained results indicate that repeated administration of reboxetine (selective
noradrenaline reuptake inhibitor, without any affinity for neurotransmitter receptors) in-
creased the responsiveness of ��-adrenergic system (potentiating the methoxamine-indu-
ced exploratory hyperactivity in rats and clonidine-induced aggressiveness in mice), as
tricyclic antidepressants did. However, the question whether the increased functional re-
sponsiveness found in the present study is important for the clinical antidepressant effi-
cacy, remains open.

Key words: reboxetine, repeated treatment, adaptive changes, rats, mice, noradrener-
gic system

INTRODUCTION

Reboxetine (PNU-0155950E), (RS)-2-[2(RS)-
-�-(2-ethoxyphenoxy)benzyl]morpholine methane-
sulphate (REB), is a member of a new class of anti-
depressant drugs (NARIs), which only inhibit the
neuronal reuptake of noradrenaline [18], but do not
inhibit serotonin or dopamine reuptake in the ani-
mal brain tissue [22]. In contrast to the most of

typical tricyclic reuptake inhibitors, it is devoid of
any affinity for neurotransmitter receptors nor does
it inhibit the rat brain monoamineoxidase A or B
[22].

The clinical efficacy of REB is comparable to
that of typical tricyclics (like desipramine, imipra-
mine or amitriptyline) [1, 2, 14].

Our earlier studies have shown that antidepres-
sant drugs (ADs) administered repeatedly (but not

��������	 
 ��� �� ���	�	�	� �� ������������

������ ������� �� ��������

������ ���	
�� �� ���	�������

���� �� ����������� ����  !� ""!#""$

���% �!�&"���

� correspondence



in a single dose) increase, among others, respon-
siveness of the ��-adrenergic system (sensitivity of
postsynaptic ��-adrenergic receptors). The meas-
ure of the above activity is potentiation of the be-
havioral hyperexploration evoked by ��-adrenergic
agonists (phenylephrine, methoxamine [MET]), as
well as of clonidine (CLO)-induced aggressiveness
[7, 10, 13], since pro-aggressive effect of CLO (at
a high dose of the drug, i.e. 20 mg/kg) results from
the stimulation of postsynaptic ��-adrenergic recep-
tors [7, 16]. Moreover, ADs administered repeated-
ly increase the binding to ��-adrenergic receptors
in different brain regions, in particular the affinity
of these receptors for their agonists (i.e. also to nor-
adrenaline, the endogenous neuromediator) [12, 15].
The above effects have been described for various
ADs (tricyclic noradrenaline and serotonin reup-
take inhibitors, selective serotonin reuptake inhibi-
tors (SSRIs), MAO inhibitors, atypicals) [7, 10, 13].

The present paper was aimed at determining
whether REB, which inhibits noradrenaline reup-
take and shows no receptor affinity, could evoke,
when given repeatedly, adaptive changes in the
��-adrenergic system, similar to those produced by
tricyclic drugs. To this end, we administered REB
for two weeks (twice daily), i.e. with a period and
dosage generally accepted in the treatment with tri-
cyclics and studied its effects on the response to the
agonist for ��-adrenergic system in the following
tests: the MET-induced hyperexploratory behavior
in rats and the CLO-induced aggressiveness in mice.

MATERIALS and METHODS

The experiments were carried out on rats (male
Wistar, healthy, ca. 80 days old, weighing 220–230
g; after 14 days of repeated drug administration the
weight of animals increased up to 270–300 g) and
mice (male Albino Swiss, ca. 50 days old, weigh-
ing 25–30 g). The animals had free access to food
and water before the experiment and were kept
at a constant room temperature (22 ± 1	C), under
a 12/12 h light/dark cycle (light on at 7 a.m.). The
experiments were performed in accordance with
the ethical requirements.

Substances used

Clonidine hydrochloride (CLO; Research Bio-
chemicals Int., USA), methoxamine hydrochloride
(MET, Vasoxine amp., Wellcome, USA), reboxetine

hydrochloride (REB; PNU-0155950E, Pharmacia
& Upjohn, Kalamazoo, MI, USA).

Drug administration

REB (10 mg/kg) was dissolved in distilled water
and was administered perorally (po) with a stomach
tube, once or repeatedly (twice daily for 14 days).
All animals received treatment twice daily for 14
days. Drug was administered at 8–9 o’clock a.m.
and 8–9 o’clock p.m. Control animals received ve-
hicle for the whole period. Repeatedly treated ani-
mals received the appropriate drug, and animals
treated acutely received vehicle for 13 days, and on
the day 14 they received the appropriate drug, so all
groups of animals were handled in the same man-
ner. 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 admini-
stration of the studied drug. All groups of animals,
treated acutely or repeatedly, were subjected to the
behavioral experiment at the same time.

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.

Exploratory behaviour induced by methoxamine

in rats

For experiments with MET, the rats were opera-
ted under pentobarbital anesthesia (30 mg/kg ip).
They were implanted chronically and unilaterally
with stainless steel guide cannulae 9.00 mm long
(0.4 mm o.d.), according to the method described
by Kolasiewicz and Maj [5]. After a 4-day postope-
rative period, the animals were administered REB
(10 mg/kg po) twice daily for 14 days. Control ani-
mals were given vehicle.

MET was injected at a dose of 25 �g/5 �l into
the lateral brain ventricle (at 24 h after the last dose
of REB and 30 min before the test), using an inner
injection cannula (11.6–14.6 mm long; 0.3 mm o.d.).
The tip of injection cannula was aimed at the lateral
ventricle (AP (–) 0.4–0.8, L 1.1–1.7,) using stereo-
taxic coordinates [17]. Injection of the volume of
5 �l lasted 2 min. The inner cannula was withdrawn
1 min after the termination of the injection. Control
animals (operated) were treated with appropriate
volume of the solvent. Exploratory activity was as-
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sessed in the elevated open field test. The black cir-
cular elevated platform (without walls, 1 m in dia-
meter, divided into six symmetrical sectors, elevated
50 cm above the floor) was used. During the expe-
riment, the laboratory room was dark and only the
centre of the open field was illuminated with 75 W
bulb, hung directly above it, 75 cm high. The ani-
mals were placed in the open field and their ex-
ploratory behavior, i.e. the time of walking, number
of crossings (ambulation), episodes of peeping out-
side the edge of the arena and rearing, was assessed
for 5 min. After completion of the experiments, rats
were anesthetized with 45 mg/kg pentobarbital, per-
fused through the heart with 4% paraformaldehyde,
and decapitated. The brains were cut into 50 �m
sections and the location of all the injection cannu-
lae tips was determined histologically. Only those
animals with histologically confirmed injection
sites were used for the data analysis. Each group
consisted of 8 rats.

Clonidine-induced aggressive behavior in mice

Twenty four hours after the last dose of REB (or
after its single administration), CLO was injected
(ip) at a dose of 20 mg/kg. Immediately thereafter,
groups of 4 mice each were placed together in plexi-
glas cages (20 × 15 cm) [16] and were observed for
1 h. Aggression was expressed as the number of
biting attacks among 4 mice within 1 h. Each group
consisted of 32 mice.

RESULTS and DISCUSSION

The aim of the present study was to investigate
the effect of the new antidepressant REB, adminis-
tered repeatedly (14 days), on the ��-adrenergic
system.

MET (25 �g/5 �l) given intraventricularly in-
creased exploratory behavior in the open field test
(time of walking, ambulation). REB at a single dose
(10 mg/kg) neither affected the exploratory activity
in normal rats (Tab. 1) nor did it change the action
of MET (Tab. 1).

REB (10 mg/kg) administered repeatedly did
not affect the exploratory activity in the open field
test (Tab. 1). Repeated treatment with REB at 10
mg/kg enhanced the effect of MET in the open field
test; it prolonged the time of walking and increased
the number of ambulations, measured 24 h after the
last dose of the drug (Tab. 1).

REB, given neither acutely nor repeatedly at the
dose used, evoked any aggressive behavior in mice.

A single dose (10 mg/kg) of REB did not change
the aggression induced by CLO (20 mg/kg) (Tab. 2).
Repeated treatment with REB at 10 mg/kg enhan-
ced the effect induced by CLO measured 24 h after
the last dose of REB (Tab. 2).

The obtained results indicate that REB, given
repeatedly (but not acutely), potentiated the MET-
-induced exploratory hyperactivity in the open field
test in rats, the effect connected with ��-adrenergic
receptor stimulation [3]. Similarly, the CLO-indu-

���$ ���%�&%%� 665

'(�(�)(� '(*+,()�$( )'(�)-($)

Table 1. Effect of reboxetine (REB, 10 mg/kg po) given acutely or repeatedly on the methoxamine (MET, 25 �g/5 �l, rat, ivc)-indu-
ced hyperexploration in rats

Treatment
Mean ± SEM

Time of walking Number of ambulations Number of rearing + peeping

Vehicle + vehicle (ivc) 40.1 ± 1.1 15.5 ± 1.2 12.8 ± 0.8

REB, acute + vehicle (ivc) 41.9 ± 1.5 15.4 ± 1.2 14.0 ± 0.9

REB, repeated + vehicle (ivc) 40.0 ± 1.3 17.5 ± 1.5 14.9 ± 6.2

Vehicle + MET (ivc) 71.1 ± 4.1* 26.3 ± 2.1* 17.9 ± 1.4

REB, acute + MET (ivc) 71.9 ± 2.2 25.5 ± 2.1 17.9 ± 1.0

REB, repeated + MET (ivc) 114.9 ± 6.2� 37.5 ± 3.4� 24.3 ± 1.7

ANOVA F (5,42) = 79.17
� = 0.001

F (5,42) = 17.75
� = 0.001

F (5,42) = 10.10
� = 0.001

MET was given unilaterally into the ventral cerebral ventricle (ivc) at the dose of 25 �g/5 �l, 24 h after the last dose of REB
(10 mg/kg) (repeated treatment), or after a single dose of REB (acute treatment). The animals was observed for 5 min. The results are
shown as means ± SEM; n = 8. The obtained data were statistically evaluated by ANOVA, followed by individual comparisons using
Dunnett’s test. * p < 0.001 vs. vehicle-receiving group, � p < 0.001 vs. MET-receiving group



ced aggression in mice was enhanced by repeated
treatment with REB. This aggressiveness results
from the stimulation of ��-adrenergic receptors [7,
16]. The results indicate that REB given repeatedly
evokes hyperresponsiveness of ��-adrenoceptors.
Such an activity was observed earlier following re-
peated administration of tricyclic antidepressants
[7, 10, 13].

Our preliminary data show that REB (10 mg/kg),
administered neither acutely nor repeatedly change
the binding parameters of [�H]prazosin to ��-adre-
nergic receptors in the rat brain cortex. On the other
hand, repeated treatment with REB (10 mg/kg) at
24 h after the last dose increased the affinity of
��-adrenergic receptors for their agonist (phenyl-
ephrine) (Dziedzicka-Wasylewska, in preparation).

These results indicate that the increased re-
sponssiveness of ��-adrenergic receptors observed
in the behavioral experiments (i.e. increased MET-
-induced exploratory hyperactivity) might result
from the increased affinity of ��-adrenergic recep-
tors for their agonist. However, our earlier investiga-
tions showed that ADs, given repeatedly, increased
the density (B��.) of ��-adrenoceptors in the cere-
bral cortex of the rat when [�H]prazosin was used
as a ligand. The increased density of ��-adrenergic
receptors in the cortex and other brain structures
after repeated administration of ADs was confirmed
by several authors [15, 21]. Nowak and Przegaliñ-
ski [15] have also reported an increase in B��. of
��-adrenoceptors in the cerebral cortex. However,

the lack of an increase in density of ��-adrenergic
receptors after repeated administration of ADs was
also demonstrated [13, 20]. On the other hand, using
a different approach, i.e. the method of [�H]prazo-
sin displacement by phenylephrine, Menkes et al.
[12] showed that amitriptyline, desipramine and
iprindole increased the affinity of ��-adrenergic re-
ceptors for their agonists. A similar effect was de-
monstrated for imipramine, mianserin, citalopram
[4] as well as milnacipran, venlafaxine or tianep-
tine [6, 8, 9, 19].

The above-described results suggest a mecha-
nism whereby ��-adrenoceptors become function-
ally supersensitive with antidepressant treatment
(increase in either their number or their affinity for
an agonist). This finding may have relevance for
the noradrenergic hypothesis of depression which
posits a functional deficit of noradrenaline in this
disease. On the other hand, clinical neuroendocri-
nological studies have demonstrated ��-adrenergic
subsensitivity in certain depressive states [11],
which may indicate that the regulation of ��-adre-
nergic receptors might be related also to the thera-
peutic action of REB in man, besides other possible
mechanisms.

The above results indicate that repeated REB
administration induces the adaptive changes in the
��-adrenergic system, especially it enhances the
functional responsiveness of ��-adrenergic recep-
tors. However, the question whether this increased
functional responsiveness is important for the clini-
cal antidepressant efficacy, remains open.
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