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Studies showing the presence of glucocorticoids, and their binding sites
in the central nervous system indicate that these hormones may affect central
neurotransmission. Both, dopaminergic brain system and glucocorticoids are
considered to be involved in certain psychopathological conditions in hu-
mans, including depression, addiction or schizophrenia. The present study
aimed to investigate the influence of glucocorticoids on dopamine agonists-
-induced stereotyped behavior and locomotor hyperactivity in rats. The re-
sults of the experiment demonstrate that prior to administration of predniso-
lone (4, 6, 10 or 20 mg/kg) or dexamethasone (4 or 8 mg/kg) intensified and
prolonged the stereotypy induced by apomorphine (1 mg/kg sc) or ampheta-
mine (2 mg/kg ip). The effect of dexamethasone was more potent. Ampheta-
mine (0.4 mg/kg)- or amantadine (50 mg/kg)-induced locomotor hyperactivi-
ty was significantly reduced in rats pretreated with dexamethasone at a dose
of 8 mg/kg or 4 mg/kg. Our observations suggest that exogenous glucocorti-
coids may enhance the activity of the dopaminergic agonists in the striatum
but reduce it in the mesolimbic system of rats.
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INTRODUCTION

Glucocorticoids have become an object of inte-
rest in psychopharmacology when psychiatric ab-
normalities like euphoria, depression or manic psy-
choses were observed in psychiatrically healthy pa-
tients receiving chronic high dose steroid treatment
for medical disorders such as Addison’s disease,
rheumatoid arthritis, asthma, dermatological or he-
matological diseases [19, 25]. Moreover, it has been
shown that glucocorticoids may modulate such be-
havior of animals as locomotor activity, aggressive
behaviors [4] or self-administration of psychosti-
mulants [33].

The central effects of glucocorticoids’ activity
evoked further interest when the elevated level of
cortisol in blood and disturbance of the feedback
control mechanism of the hypothalamo-pituitary-
-adrenal axis activity were discovered in a number
of patients with endogenous depression [17, 38].

Studies showing the presence of adrenocortical
hormones and their binding sites in specific brain
regions indicate that these hormones may have
regulatory functions which are not confined only to
processes of metabolism but may affect central
neurotransmission [23, 31, 32]. The brain structu-
res known to contain the highest concentration of
corticosteroid binding sites are: hippocampus, nu-
cleus accumbens, hypothalamus but also caudate
putamen and substantia nigra, regions rich in dopa-
mine neurons and their terminals [1, 16, 23, 26].

Glucocorticoids have been shown to influence
the neuronal activity by altering the synthesis and
metabolism of neurotransmitters and neuromodula-
tors [22, 28, 29, 31, 32]. Furthermore, it has been
reported that a normal level of corticosterone is re-
quired for maintaining the physiological level of
receptors for classic neurotransmitters such as sero-
toninergic (5-HT&' and 5-HT&(), �!-adrenergic,
dopaminergic (D& and D!) and GABA& or NMDA
glutamate receptors [3, 7, 11, 14, 15, 22, 28, 30,
32]. The effect of glucocorticoids on dopamine-
-mediated behavioral responsiveness has also been
reported [3, 12, 17, 31, 32], indicating a modulating
effect of these hormones on the brain dopaminergic
system. However, information on the influence of
glucocorticoids on the central effects of dopamine
agonists is still limited [14, 15, 32].

The aim of the present study was to investigate
the effect of glucocorticoids: prednisolone or dexa-
methasone on apomorphine- or amphetamine-indu-

ced stereotyped behavior and on hypermotility in-
duced by amphetamine or amantadine in rats.

MATERIALS and METHODS

Animals

Male Wistar rats weighing 180–240 g were used
in the experiments. They were housed 10 per a plas-
tic cage. The laboratory temperature was 20 ± 2°C
with natural light dark cycle. The animals were al-
lowed free access to standard laboratory food (LSM,
Motycz, Poland) and tap water. All procedures were
performed between 8.00 and 14.00 h.

Drugs

The drugs used were: natrium prednisolonum te-
trahydroftalicum, dexamethasone (both produced by
Jelfa, Poland), apomorphine hydrochloride, D-am-
phetamine (both produced by Sigma, USA) and
amantadine (produced by Egis Pharmaceuticals Ltd.
Budapest, Hungary). The solutions (in distilled wa-
ter) of D-amphetamine- or apomorphine- and sus-
pension (in 1% Tween 80) of amantadine were pre-
pared just before the experiment and injected sc
(apomorphine) or ip (the other drugs) in the volume
of 5 ml/kg. Prednisolone and dexamethasone were
administered as industrially produced solutions for
injection (“Fenicort” and “Dexaven”, respectively).
In each test the lowest effective doses of hormones
were used.

Stereotyped behavior

The stereotyped behavior was analyzed by visual
observation. The rats were individually observed in
plexiglas boxes (23 × 15 × 10 cm). The intensity of
stereotyped activity was assessed according to an
arbitrary 4-point scale (0 – normal behavior, 1 – pe-
riodic sniffing, 2 – continuous sniffing, periodic
licking, 3 – continuous licking, periodic gnawing,
4 – continuous gnawing). Each animal was assigned
a rating score of 0–4, according to the scale, every
10 min for 90 min after apomorphine injection or
every 30 min for 5 h after amphetamine injection.

Locomotor activity

Locomotor activity of rats was registered with
the DIGISCAN Optical Animal Activity Monitor-
ing System. The DIGISCAN monitors animal loco-
motor activity via a grid of invisible infrared light
beams. A number of equally spaced beams traverse
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the animal cage from front to back and an equal
number of beams traverse the same cage from left
to right. The body of animal placed within the
DIGISCAN will cause some of these beams to be
broken thus revealing its position in the horizontal
or vertical plane. The DIGISCAN analyzer collects
the beam status information from the Activity
Monitor and subjects it to rapid analysis. Each time
it receives the beam status, it is able to determine
the position of animal. Since it determines the ani-
mal position 100 times per second, the analyzer can
effectively develop a dynamic picture of the animal
activity. This dynamic picture reveals whether the
animal is resting, ambulating or rearing. In our ex-
periment ambulation (locomotion) of rats was
monitored each 15 min during the first 60 min. The
experimental group consisted of 9 randomly cho-
sen rats.

Statistics

The results of the experiments are expressed as
a mean ± SEM. The data were subjected to a one-
-way analysis of variance (ANOVA), followed by
Mann-Whitney U-test.

RESULTS

The effect of prednisolone on

apomorphine-induced stereotypy

Prednisolone alone given at a dose of 4 or 6
mg/kg did not influence the behavior of rats, how-
ever, in rats pretreated with this hormone the apo-
morphine-induced stereotypy scores increased. The
significant differences were observed at 60th and
70th minute of the test (Fig. 1).

The effect of dexamethasone on

apomorphine-induced stereotypy

Dexamethasone alone administered at a dose of
4 or 8 mg/kg did not change the activity of rats. The
rats pretreated with dexamethasone showed a sig-
nificant enhancement of stereotypy induced by
apomorphine in comparison with the group injec-
ted with apomorphine alone. The prolongation of
stereotyped behavior was also observed (Fig. 2).

The effect of prednisolone on

amphetamine-induced stereotypy

Prednisolone alone given at a dose of 10 or 20
mg/kg did not influence the behavior of rats. In rats
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pretreated with this hormone the amphetamine-
induced stereotypy scores significantly increased
(at 3rd and the middle of 4th hour of the observa-
tion) when compared with the effects of rats treated
with amphetamine alone (p < 0.05) (Fig. 3).

The effect of dexamethasone on

amphetamine-induced stereotypy

In the rats pretreated with dexamethasone at
a dose of 4 mg/kg or 8 mg/kg, the potentiation and
prolongation of amphetamine-induced stereotyped
behavior was also observed. The significant differ-
ences in the stereotypy scores were noted in the
3rd, 4th and the middle of the 5th hour of the obser-
vation (Fig. 4).

The effect of dexamethasone on

amphethamine-induced hypermotility

Dexamethasone given alone at a dose of 4 or 8
mg/kg did not change locomotor activity of rats
(results not shown). In rats pretreated with this
hormone at a dose of 8 mg/kg, amphetamine (0.4
mg/kg)-induced locomotor hyperactivity was sig-
nificantly reduced (Fig. 5).

The effect of dexamethasone on

amantadine-induced hypermotility

Amantadine given at a dose of 50 mg/kg evoked
locomotor stimulation at 30, 45 and 60 min of
observation. Dexamethasone at a dose of 4 mg/kg
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decreased significantly this effect of amantadine
(Fig. 6).

DISCUSSION

The results of the experiments reported here
demonstrate that prior administration of predniso-
lone or dexamethasone intensified and prolonged
the stereotypy induced by amphetamine or apomor-
phine, but decreased the hypermotility induced by
amphetamine or amantadine.

Stereotypy is a major component of several psy-
chiatric disorders, including childchood autism [20]
or schizophrenia [21]. Moreover, stereotyped beha-
vior occurs during amphetamine intoxication in all
mammal species studied [8, 18, 34].

It is well established that stereotypy is a dopa-
mine-dependent behavior [8, 14, 18]. The neural
substrates of amphetamine- or apomorphine-indu-
ced stereotyped behavior in animals have been
shown to include the central dopaminergic projec-
tions to the caudate-putamen region [9]. Amphet-
amine stimulates dopaminergic function by in-
creasing extracellular level of dopamine [8, 18].

Apomorphine is known to be the mixed D&/D! do-
pamine receptors agonist [8, 14, 18].

Studies showing the presence of glucocorticoid
binding sites in the central nervous system indicate
that these hormones may affect the central neuro-
transmission. Recently, it has been shown that glu-
cocorticoids can alter 5 HT& [41], benzodiazepine
[22] or GABAergic [27] receptors density.

Modification of the rat brain dopaminergic ac-
tivity by glucocorticoids has been demonstrated in
some behavioral studies [14, 15, 36, 40]. Some of
them [14, 15] have reported that adrenalectomized
rats showed increased stereotyped behavior evoked
by apomorphine or quinpirole but chronic corticos-
terone replacement therapy reversed these effects.

Contrary to the view of the above authors, the
other studies have included glucocorticoids among
the hormones causing a possible increase in brain
dopamine activity [2, 3, 10, 31–33]. The study of
Biron et al. [3] in adrenalectomized rats showed the
decrease in the density of striatal dopamine D& and
D! receptors. This effect was reversed by dexame-
thasone therapy. In addition, the affinity of striatal
D& receptors was increased after corticosterone
treatment [3]. Antelman at al. [2] have demonstra-
ted that chronic tail pressure stress elevated corti-
costerone blood level and produced sensitization of
amphetamine-induced sniffing comparable with the
effect observed after long-term amphetamine admi-
nistration. Similarly, isolation and oscillation stress
potentiated the stereotyped behavior in rats treated
with apomorphine [10].

The results of the present study indicate that
glucocorticoid hormones facilitated and/or prolon-
ged the stereotyped behavior induced by ampheta-
mine or apomorphine. These results are in accor-
dance with the above-reported behavioral studies
[2, 3, 29]. They are also comparable with some cli-
nical observations.

The interaction between glucocorticoids and
dopaminergic system is considered to be involved
in certain psychopathological conditions in humans,
including depression, addiction or schizophrenia
[5, 12, 24, 39]. Schatzberg et al. [35] have observed
that psychotically depressed patients have higher
levels of cortisol than non-psychotic ones. More-
over, the increased glucocorticoid levels in humans
can induce behavioral changes similar to those at-
tributed to enhanced dopaminergic activity such as
psychosis or mood elevation [39].
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In contrast, other clinical observations indicate
the antidopaminergic activity of glucocorticoids.
There are reports on depression in psychiatrically
healthy patients receiving chronic high doses of
glucocorticoids [17, 25], mood depression obser-
ved in the patients with Cushing’s syndrome [37]
or the fact that addition of prednisolone improved
the neuroleptic treatment of schizophrenics [13].

The fact that dexamethasone reduced the am-
phetamine- or amantadine-induced hyperactivity
(observed in this study) and decreased the stimulat-
ing effect induced by other dopamine agonists in
mice (our results not yet published) may suggest
that the glucocorticoids reduce the activity of dopa-
mine agonists in the mesolimbic system [5].

On the other hand, glucocorticoids seem to de-
termine the increased locomotor response to psy-
chostimulants, that is observed in stressed subjects.
These hormones participate also in stress-induced
sensitization of the locomotor response to an injec-
tion of psychostimulants in the nucleus accumbens
[12, 31–33]. Glucocorticoids increased also reward-
-related behaviors, that are naturally activated [32].
All the above results were obtained in the presence
of “physiologic” concentrations of glucocorticoids
in the brain. It may explain the differences in com-
parison with the results of our studies, where the
higher (similar to therapeutic) doses of glucocorti-
coids were administered.

Therefore, it may be concluded that the modu-
lation by glucocorticoids of dopaminergic system
activity or dopaminergic receptor function in hu-
mans as well as in animals could be pro- or antido-
paminergic, depending on concentration of hor-
mones, the behavioral test and probably on the brain
structure or receptors participating in the observed
behavior [2, 3, 6, 8, 10, 14, 15, 31–33].

In summary, our observations and results of
other studies indicate that exogenous glucocorti-
coids may have the modulatory effect on the activity
of dopaminergic agonists. The results of the present
study suggest that glucocorticoids given at high
doses may enhance the activity of dopaminergic
agonists in the striatum but reduce it in the meso-
limbic system of rats.
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