
Dexamethasone reduces locomotor stimulation
induced by dopamine agonists in mice

Andrzej Wróbel1,2, Iwona ¯ebrowska-£upina3, Marian Wielosz1

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

�
��� ���������� �	 ����������

�
���������� �	 ������


����������� ������ ���������� �	 ������ ��� �!�"���� #� 
� �$%$&$ ������ 
����

��������������	 '��� �( )�*��� �%���+ !�������� �(,�����-���

Abstract:

The interaction between glucocorticosteroids and the dopaminergic system has attracted considerable attention in recent years since

this link could be involved in certain psychopathological conditions including depression. Radioligand binding studies have shown

the presence of glucocorticoid receptors in neurons of the limbic system, a structure involved in mood control and subtle regulation

of hypothalamic-pituitary-adrenal (HPA) axis. Structures of the limbic system are also rich in dopaminergic innervation. It has been

hypothesized that glucocorticoids may be important in causing and perpetuating depression.

The aim of the present study was to investigate the effect of dexamethasone (DEX) on hyperactivity induced by dopamine agonists
(amphetamine, amantadine, quinpirole and bromocriptine) in mice. Male Albino Swiss mice received DEX at a single dose (2, 4 or
8 mg/kg) or for 14 days at the doses of 0.5, 2 or 4 mg/kg/day. After a single or the last injection (in the chronic experiment) of DEX,
dopamine agonists were given in the following regimen: D-amphetamine (0.4 mg/kg) and quinpirole (3 mg/kg) – 30 min,
amantadine (50 mg/kg) – 60 min and bromocriptine (10 mg/kg) 180 min before the measurement of locomotor activity. The obtained
results show that DEX may decrease the locomotor activity and reduce the hyperactivity induced by dopamine agonists in mice.
These observations may suggest that DEX weakens the activity of dopamine agonists in the mesolimbic system.
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Introduction

Activation of the hypothalamic-pituitary-adrenal
(HPA) axis and ascending catecholaminergic neurons
plays a critical role in the ability of an organism to
adapt metabolically and behaviorally to stressful
events. Furthermore, it has been hypothesized that
sustained alterations in these systems may underlie
the pathophysiology of some psychiatric disorders
[15, 31, 35]. For example, the cognitive disturbances
in psychotic depressed patients may be secondary to
the effect of HPA axis alterations on the central dopa-
minergic neurotransmission [40, 50]. Moreover, the

HPA system has recently been proposed to be impli-
cated in reward mechanisms and to play a crucial role in
the sensitivity to drugs of abuse, many of which
stimulate activity at different steps of dopaminergic
transmission [41, 43].

Glucocorticosteroids have been shown to induce be-
havioral changes like depression or maniac psychosis in
psychiatrically healthy patients receiving chronic high-
dose steroid treatment [14, 33, 50]. Symptoms of the
same kind were observed in patients with Cushing’s dis-
ease [29, 42].

Experimental studies have shown the impact of
glucocorticosteroids on motor activity and aggressive
behaviors in animals [6, 19].
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The effects of glucocorticosteroids on dopamine-
mediated behavioral responsiveness has also been re-
ported [4, 18], indicating a modulating effect of these
hormones on the brain dopaminergic system. How-
ever, information on the influence of glucocorticoids
on the central effects of dopamine agonists is still limited.

The aim of the present study was to investigate the
effect of dexamethasone (DEX) on locomotor hyper-
activity induced by dopamine agonists [amphetamine
(AMP), amantadine (AMA), quinpirole (QUI) and
bromocriptine (BRO)] with different mechanisms of
dopaminergic activity. AMP stimulates dopamine but
also noradrenaline release in the limbic structures
[21]. QUI and BRO are known to be mixed D2/D3 do-
pamine receptor agonists [7, 30]. Amantadine, non-
competitive NMDA receptor antagonist increases do-
pamine synthesis and release in the striatum [32, 34].

Materials and Methods

All procedures were conducted according to NIH
Animal Care and Use Committee guidelines, and ap-
proved by the Ethics Committee of the Medical Uni-
versity of Lublin.

Animals

The study was conducted on male Albino Swiss mice
(weighing initially 18–25 g). A natural light/dark cy-
cle, temperature 22°C and humidity 60% were main-
tained. Food and water were provided ad libitum. All
experimental procedures were carried out between
8 a.m. and 1 p.m. Mice were experimentally naive and
tested once.

Drugs

The following drugs were used in the experiments:
dexamethasone (Jelfa, Poland), D-amphetamine
(Sigma, USA), quinpirole (RBI, USA), amantadine
(EGIS, Hungary), bromocriptine (Sandoz, Switzer-
land). Drugs were administered ip except for DEX
and AMP (sc). DEX, AMP and QUI were adminis-
tered as solutions whereas AMA and BRO as suspen-
sion in 3% Tween 80. The injection volumes were
equivalent of 10 ml/kg. Control groups received in-

jections of an equal volume of distilled water or 3%
Tween, respectively.

Locomotor acivity

Locomotor activity of animals was assessed with the
aid of Digiscan apparatus: Optical Animal Activity
Monitoring System (produced by Omnitech Electron-
ics, Inc. Columbus, Ohio, USA). Activity chambers
consisting of clear acrylic open field boxes were lo-
cated in a room lit by a dim red light. The Digiscan
system monitored animal locomotor activity via a grid
of invisible infrared light beams. A number of equally
spaced beams transversed the animal cage. The body
of the animal placed in the Digiscan interrupted these
beams revealing its position. The interruption of any
beam was recorded as an activity score. Cumulative
counts were compiled and downloaded every 15 min
into OMNIPRO data collection program. Prior to be-
havioral analysis, subjects were placed into activity
chambers for a 15-min habituation period.

Experiments were performed in a sound-proof
room. Horizontal activity was also assessed. It was defined
as the total number of beam interruptions that oc-
curred in the horizontal sensor during one hour meas-
urement. The experimental groups consisted of 12
randomly chosen mice.

Experimental procedures

Experiment 1: Determination of the effect of DEX
on locomotor activity of mice

DEX was given at a single dose (2, 4 or 8 mg/kg)
or for 14 days at the doses of 0.5, 2 or 4 mg/kg/day.
Locomotor activity was registered 3.5 h after a single
or 48 h after the last injection (in the chronic experi-
ment) of DEX, for 1 h.
Experiment 2: Evaluation of the effect of DEX on
hyperactivity induced by dopamine agonists

Three and a half hours after a single dose or 48 h after
the last injection (in the chronic experiment) of DEX,
dopamine agonists were given in the following regimen:
AMP (0.4 mg/kg) and QUI (3 mg/kg) – 30 min, AMA
(50 mg/kg) – 60 min and BRO (10 mg/kg) 180 min be-
fore the measurement of locomotor activity.

Statistical analysis

The results of the experiments were expressed as the
means ± SEM. The data obtained from the measure-
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ments of locomotor activity were subjected to a one-
way analysis of variance (ANOVA), followed by
non-parametric Mann-Whitney U-test. The criterion
for significance was set at a level of p < 0.05.

Results

The effect of DEX on locomotor activity of mice

DEX given at a single dose of 8 mg/kg decreased
significantly (by 29%) locomotor activity of mice.
Smaller doses (4 or 2 mg/kg) of the glucocorticosteroid
did not influence the motility of mice (Fig. 1).

Fourteen-day DEX treatment at the dose of
4 mg/kg/day resulted in the reduction (by 24%) of lo-
comotor activity of animals measured 48 h after the
last injection of the glucocorticoid. Doses of 2 or
0.5 mg/kg/day did not evoked such effect (Fig. 2).

The effect of DEX on hyperactivity induced by AMP

AMP given at a single dose of 0.4 mg/kg increased
the motor activity (by 47%). DEX administered prior
to AMP at the single dose of 8 mg/kg reduced signifi-
cantly the AMP-induced hyperactivity (Fig. 3). Lower
doses of DEX (4 or 2 mg/kg) did not influence the hy-
peractivity of the animals (results not shown). Hyper-
motility induced by AMP was significantly reduced in
mice pretreated for 14 days with DEX at the dose of
2 mg/kg/day (which did not influence locomotor ac-
tivity alone) (Fig. 4).

The effect of DEX on hyperactivity induced by

AMA

AMA injected at a single dose of 50 mg/kg resulted in
hypermotility (by 28%). DEX given prior to AMA at
the single dose of 8 mg/kg reduced AMA-induced hy-
peractivity (Fig. 3). DEX at the doses of 4 or 2 mg/kg
was ineffective. Fourteen days of DEX pretreatment
at the dose of 2 mg/kg/day (which did not influence
locomotor activity alone) but not at 0.5 mg/kg/day led
to the decrease in hypermotility induced by AMA
(Fig. 4).

The effect of DEX on hyperactivity induced by BRO

BRO administered at a single dose of 10 mg/kg sig-
nificantly increased locomotor activity (by 67%).
DEX given 3.0 h before BRO at the single dose of
8 mg/kg decreased BRO-induced hyperactivity (Fig. 5).
DEX doses of 4 or 2 mg/kg were not potent enough to
evoke the same effect. The decrease in BRO-induced
hyperactivity was also noticed after 14 days of DEX
pretreatment at the dose of 2 mg/kg/day (Fig. 6).

The effect of DEX on hyperactivity induced by QUI

QUI given at the single dose of 3 mg/kg evoked hy-
peractivity of mice (by 40%). Administration of DEX
at the single dose of 8 mg/kg reduced QUI-induced
hyperactivity (Fig. 5). Similar effect was detected af-
ter 14-day DEX pretreatment at the dose of 2 mg/kg/day.
DEX at the dose of 0.5 mg/kg/day did not influence
the effect of QUI on locomotor activity (Fig. 6).

Discussion

The findings of the present study show that DEX de-
creases spontaneous locomotor activity and reduces
hyperactivity induced by dopamine agonists: AMP,
AMA, QUI or BRO in mice. The sedative effect of
DEX was observed after higher single dose (8 mg/kg)
or after lower dose (4 mg/kg) given chronically.

The obtained results confirm our previous study in-
dicating that DEX decreases the AMP or AMA in-
duced hyperactivity in rats [12]. These results are also
in accordance with some other behavioral experi-
ments. Fernandez et al. [19] have indicated that corti-
costerone administered chronically may depress loco-
motor activity and exploratory behavior of rats. In
other studies adrenalectomy potentiated the response
to dopaminomimetics in laboratory animals [4, 18].

The results of the above studies suggest that gluco-
corticoids may reduce the activity of dopamine ago-
nists in the mesolimbic system [8]. There are some
evidences that glucocorticoids exert numerous effects
on dopaminergic neurons [8, 23, 35, 39]. Further-
more, the presence of glucocorticoid receptors has
been demonstrated on dopaminergic neurons, and this
location suggests a regulatory function of these hor-
mones on dopaminergic neuronal systems [4, 8, 10,
27, 35, 36, 39].
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Clinical observations indicated also the antidopa-
minergic activity of glucocorticoids [37]. There are
reports on depression in psychiatrically healthy pa-
tients receiving chronic high doses of glucocorticoids
[24, 28], mood depression observed in the patients
with Cushing’s syndrome [29, 42] or the fact that ad-
dition of prednisolone improved the neuroleptic treat-
ment of schizophrenics [17].

On the other hand, the endogenous glucocorticoids
seem to determine the increased locomotor response
to psychostimulants, that is observed in stressed sub-
jects. These hormones participate also in stress-
induced sensitization of the locomotor response to an
injection of psychostimulants in the nucleus accum-
bens [35, 36]. Glucocorticoids increased also reward-
related behaviors, that are naturally activated [36]. All
the above results were obtained in the presence of
“physiologic” concentrations of glucocorticoids in the
brain. It may explain the differences in comparison
with the results of our studies, where the higher (simi-
lar to therapeutic) doses of DEX were administered.

Some authors suggested that glucocorticoids may
influence dopaminergic system by altering the density
and affinity of dopamine receptors. Biron et al. [4]
proved that adrenalectomy reduced striatal D1 and D2

receptor specific binding and this was corrected by
glucocorticosteroid treatment. Furthermore, the corti-
costerone synthesis inhibitor, metyrapone, was shown
to decrease D1 receptor binding and D1 receptor
mRNA levels in the rat striatum [11]. In agreement
with these findings, transgenic mice underexpressing
glucocorticosteroid receptors and showing elevated
level of plasma corticosteroids were found to have
higher levels of D1 and D2 receptors compared to con-
trol mice [10]. In contrast, it has recently been shown
that striatal D2 receptor mRNA was decreased in rats
treated for two weeks with corticosterone, whereas D1

and D3 receptor mRNA as well as D1, D2 and D3

receptor ligand binding remained unchanged [27]. On
the contrary, our previous study [51] have indicated that
in mice treated for 14 days with DEX (4 mg/kg/day),
the specific D2 receptor binding was significantly in-
creased in the brain limbic system. On the other hand,
Lammers et al. [27] suggested the lack of direct corti-
costerone influence on striatal dopamine receptors.

Studies showing the presence of glucocorticoster-
oid binding sites in the central nervous system indi-
cate that these hormones may affect the central neuro-
transmission. There are suggestions that the decline of
the response to dopamine agonists may be the result

of glucocorticosteroid influence on other, than dopa-
minergic, neurotransmitter systems, like cholinergic
[2], adrenergic or GABAergic [20].

Behavioral inactivity is a symptom, or a compo-
nent of a syndrome, that occurs in a number of psy-
chiatric conditions including depression, schizophre-
nia or anxiety disorders, and is believed to be caused
by an inhibition or impairment of central dopaminer-
gic neurotransmission [8, 49]. The primary neurobio-
logical alteration in these states, however, need not
occur in the dopaminergic system itself but could in-
volve other neuronal systems that modulate dopamin-
ergic activity.

The �1-adrenergic system is one of such systems.
Among their other behavioral functions, �1-adrenoce-
ptors have long been known to be involved in motor
activity [1, 53], and are known to modulate dopamin-
ergic neurotransmission at presynaptic as well as
postsynaptic levels [1, 5, 16, 25, 47, 54].

It was recently shown that brain �1B-adrenoceptors
were, in fact, essential to spontaneous activity and
movements in mice [44–46]. Central �1-adrenoce-
ptors are of particular relevance to behavioral inactiv-
ity because in biochemical studies they have been
found to be desensitized both in depressed patients [3]
and in animals subjected to repeated stress [26].

In the present experimental model, it cannot be ex-
cluded that DEX suppresses the hyperactivity induced
by dopamine agonists owning to its ability to reduce
norepinephrine levels in the central nervous system [48].

Serotonin (5-HT) neuronal systems also have been
shown to modulate locomotor activity mediated by
dopaminergic system [22]. The 5-HT receptor is very
highly expressed in the CA1 pyramidal cells and den-
tate granular neurons of the hippocampus [9, 38].

Glucocorticoids may interact with serotonergic
system by increasing the brain 5-HT levels [52]. 5-HT
may be involved in the feedback regulation of the
limbic-hypothalamic-pituitary-adrenal (LHPA) axis
[13], as hypothalamic corticoid implants elevate 5-HT
levels without altering noradrenaline [48]. Therefore,
in our experimental model, if DEX increases seroto-
nergic activity, this may physiologically induce a re-
duction of the psychostimulant-induced hypermotility.

In summary, it is possible that the inhibitory effect
of DEX on the action of dopamine agonists is not only
the result of its influence on dopaminergic system it-
self but also on other neurotransmitter systems in the
brain.
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Conclusion

The findings of the present study show that DEX may
decrease the spontaneous locomotor activity and re-
duce the hyperactivity induced by dopamine agonists
in mice. This observation indicate that DEX weakens
the activity of dopamine agonists in the mesolimbic
system [8], as it was shown previously in rats [12].
The mechanism of such effect of DEX is not known.
Our previous investigations and other studies may
suggest that the observed sedative effect of DEX de-
pends not only on the influence of DEX on dopamin-
ergic, but also on other neurotransmitter systems in
brain. Additional experiments are needed to elucidate
this problem.
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