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Glucocorticoids are expressed in the central nervous system. Radio-
ligand binding studies have shown their presence in the neurons of the lim-
bic 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 glu-
cocorticoids may be important in causing and perpetuating depression.

Our previous study has demonstrated that dexamethasone decreases the
locomotor activity of mice and counteracts the hyperactivity induced by ago-
nists of dopamine receptors.

The aim of the present study was to find the possible mechanism respon-
sible for these behavioral effects of dexamethasone. So we sought to exam-
ine the influence of chronic dexamethasone treatment on selective radio-
ligand binding to dopamine D� ([�H]SCH 23390) and D� ([�H]spiperone) re-
ceptors in the brain of mice.

The male Albino Swiss mice received dexamethasone (4, 8 or 16 mg/kg/day)
for 14 days. The striatum and limbic system structures were isolated and the
binding procedure was performed 3.5 or 48 h after the last injection.

It was shown that 3.5 h after the last dose of dexamethasone (4 mg/kg/day),
specific D� receptor binding was statistically significantly increased (by 64%)
in the limbic system. On the contrary, the tendency to the reduction of spe-
cific D� receptor binding was observed in the striatum. Dexamethasone
treatment did not influence the specific binding to D� receptors in any struc-
ture of the brain.
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INTRODUCTION

Glucocorticoids, including dexamethasone, have
been shown to induce behavioral changes like
euphoria, depression or manic psychosis in psychi-
atrically healthy patients receiving high-dose ster-
oid treatment. Moreover, the elevated level of corti-
sol and disrupted control of the hypothalamic-
pituitary-adrenal (HPA) axis have been observed in
patients suffering from endogenous depression [3,
7, 15, 30, 32, 44].

The unwanted behavioral effects of glucocorti-
costeroids are widely known, but seem to receive
less attention of scientists. Placebo controlled stud-
ies have demonstrated that a third of patients taking
glucocorticosteroids experience significant mood
disturbance and sleep disruption [9]. More impor-
tantly, up to 20% of patients on high-dose gluco-
corticoids report psychiatric disorders including
depression, mania, psychosis or a mixed affective
state. A double blind placebo controlled trials of
administration of glucocorticosteroids to healthy
individuals showed that 75% of the subjects devel-
oped disturbances in mood and cognition, which
were reversed when steroid treatment was discon-
tinued [44].

It was proven that medical disorders which fea-
ture sustained overdrive of the HPA axis carry an
unexpectedly high risk of mood disorders. Preva-
lence of depression of above 50% was reported in
patients with Cushing’s disease, stroke or chronic
alcoholism and those receiving long-term gluco-
corticosteroid treatment [25]. The precipitation of
dysregulation of the HPA axis by environmental
stressors may be important to the onset of both
Cushing’s disease and depression [40]. Overall, the
data from conditions of both exogenous and en-
dogenous glucocorticosteroid excess provide sup-
port to a glucocorticosteroid theory of depression
[6, 15, 30, 44].

Dysregulation of the HPA axis in depression is
one of the oldest and most consistent findings in
biological psychiatry. Abnormalities of HPA axis
are the most commonly known biological markers
in depressive illnesses. During major depression,
dysfunction of the limbic structures is believed to
cause the hyperactivity of the HPA axis. Because
glucocorticosteroid-induced feedback inhibition of
the HPA axis is mediated by glucocorticosteroid re-
ceptors (GRs) in the brain and pituitary, the possi-
bility that depression is associated with a primary

alteration in GR number and/or function has been
an important consideration in the studies aiming to
explain the pathophysiology of the depressive dis-
orders [15].

Radioligand binding studies have shown the
presence of GRs in the neurons of the limbic system,
which is involved in mood control and subtle regula-
tion of HPA axis. Structures of the limbic system are
also rich in dopaminergic innervation [39].

Fernandes et al. [20] have indicated that corti-
costerone administered chronically may depress
motor activity and exploratory behavior of rats.

Our previous study has demonstrated that dexa-
methasone decreases the locomotor activity of
mice and counteracts the hyperactivity induced by
dopamine receptor agonists [12].

The aim of the present study was to find a pos-
sible mechanism responsible for these behavioral
effects of dexamethasone. So we sought to examine
the influence of chronic dexamethasone treatment
on selective radioligand binding to dopamine D�

([�H]SCH 23390) and D� ([�H]spiperone) receptors
in the brain of mice.

MATERIALS and METHODS

All procedures were conducted according to the
guidelines of the NIH Animal Care and Use Com-
mittee, and were approved by the Ethics Commit-
tee of the Medical University in Lublin.

Animals

The study was performed on male Albino Swiss
mice (weighting initially 18–25 g) kept under stan-
dard laboratory conditions. Food and water were
provided ad libitum. All experimental procedures
were carried out between 8 a.m. and 1 p.m.

Drugs and substances

The following drugs and substances were used in
the experiments: dexamethasone sodium phosphate
(Jelfa, Poland) and radioligands of D� ([�H]SCH
23390) or D� ([�H]spiperone) receptors. Dexametha-
sone solution was administered subcuteneously (sc).
The injection volumes were equivalent of 10 ml/kg.
Control groups received injections of an equal vol-
ume of distilled water.
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Tissue preparation and binding procedures

Dexamethasone (4, 8 or 16 mg/kg/day) was in-
jected for 14 days. The mice were decapitated 3.5
or 48 h after the last injection of dexamethasone,
their brains were removed, striatum and limbic sys-
tem (containing olfactory tubercle, preoptic area,
nucleus accumbens, septum, amygdala and overly-
ing limbic cortex) were dissected and immediately
frozen over solid CO�. The frozen tissue was stored
at –80°C for 24 weeks before the assay. Tissues
were thawed in 20 volumes of ice-cold 50 mM po-
tassium phosphate buffer, pH 7.4, homogenized
and centrifuged at 20,000 × g for 20 min (i.e. was-
hed). Tissue pellets were washed once more. Assay
tubes contained membrane suspension (~0.15 mg of
protein), two concentrations of a radioligand and
buffer with or without nonspecific binding defining
drug in a final volume of 0.5 ml. The following
radioligands, nonspecific binding defining drugs and
incubation parameters were applied: D� receptor
ligand [�H]SCH 23390 (75.5 Ci/mmol, NEN, at two

concentrations: 0.5 nM and 3.0 nM); cis(Z)flupen-
tixol (5 �M, 60 min at 30°C); D� receptor ligand
[�H]spiperone (15.7 Ci/mmol, NEN, at two concen-
trations: 0.5 nM and 3.0 nM); (+)butaclamol (5 �M,
30 min. at 37°C). The samples were incubated for ap-
propriate time and at the above-listed temperature.
The incubation was terminated by rapid filtration
through glass fiber filters (Whatman GF/C) using a
Brandel MB-48R manifold. The filters were then
washed two times with 5 ml of ice-cold buffer and
placed in scintillation vials with liquid scintillation
cocktail. Radioactivity was measured in a Beckman
LS 6500 liquid scintillation counter. All assays
were done in duplicates [33].

Data analysis and statistics

Group differences were assessed using the
one-way analysis of variance (ANOVA), followed
by Dunnett’s test. Data were deemed significant
when p < 0.05.
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Table 1. The influence of 14-day dexamethasone treatment on D� receptors in the limbic system

Dexamethasone treatment [�H]SCH 23390
0.5 nM

% [�H]SCH 23390
3.0 nM

%

Control 16.8 ± 1.8 100 41.7 ± 2.9 100

4 mg/kg (3.5 h) 19.1 ± 0.6 114 48.4 ± 3.0 116

4 mg/kg (48 h) 14.5 ± 1.9 86 35.2 ± 6.7 84

8 mg/kg (3.5 h) 16.5 ± 1.8 98 48.0 ± 5.6 115

8 mg/kg (48 h) 19.1 ± 3.4 114 49.5 ± 5.0 119

16 mg/kg (3.5 h) 13.7 ± 1.4 82 39.7 ± 4.0 95

16 mg/kg (48 h) 17.0 ± 1.6 101 39.6 ± 4.0 95

Values are the means ± SEM of 4 animals per group and are expressed in fmol/mg of tissue

Table 2. The influence of 14-day dexamethasone treatment on D� receptors in the limbic system

Dexamethasone treatment [�H] spiperone
0.5 nM

% [�H] spiperone
3.0 nM

%

Control 19.6 ± 2.8 100 80.1 ± 12.9 100

4 mg/kg (3.5 h) 32.1 ± 3.0 164* 111.8 ± 14.9 140

4 mg/kg (48 h) 26.3 ± 3.0 134 102.7 ± 8.0 128

8 mg/kg (3.5 h) 25.0 ± 2.4 128 109.1 ± 10.5 136

8 mg/kg (48 h) 20.9 ± 3.1 107 69.9 ± 3.0 87

16 mg/kg (3.5 h) 22.1 ± 2.3 113 89.2 ± 6.0 111

16 mg/kg (48 h) 20.7 ± 2.2 103 80.7 ± 7.7 101

Values are the means ± SEM of 4 animals per group and are expressed in fmol/mg of tissue; *p < 0.05 vs. control (Dunnett’s test)



RESULTS

The results of the study demonstrate that 3.5 h
after the last injection of dexamethasone, given for
14 days at the dose of 4 mg/kg/day, the specific D�

receptor binding (determined with [�H]spiperone)
in the limbic system was increased.

The binding to D� receptors was significantly in-
creased by 60% at the 0.5 nM ligand concentration
or insignificantly elevated by 40% at the 3.0 nM
ligand concentration (ANOVA: 0.5 nM – F (6,28) =
2.616, p = 0.0385; 3.0 nM – F (6,28) = 2.737, p =
0.0321; Tab. 2). Only the tendency to an increase in
D� receptors binding was noted in the limbic sys-
tem of rats pretreated (for 14 days) with dexa-
methasone at the dose of 8 mg/kg/day (Tab. 2).

Specific D� receptor binding in the striatum as
well as D� receptor binding (labeled by [�H]SCH
23390) in both areas of the brain (limbic system or
striatum) were unchanged by chronic dexametha-
sone treatment (Tab. 1, 3, 4).

DISCUSSION

The interaction between glucocorticosteroids and
the dopaminergic system has attracted considerable
attention in recent years since this link could be in-
volved in certain psychopathological conditions in-
cluding depression and schizophrenia [38, 43].

In the present study, we examined the influence
of chronic (14 days) dexamethasone treatment on
specific binding to D� and D� receptors in the mou-
se mesolimbic system and striatum. It was shown
that dexamethasone administered at the dose of
4 mg/kg/day evoked the significant increase in D�

receptor binding in the limbic system. However,
when given at higher doses (8 or 16 mg/kg/day),
dexamethasone did not alter the specific D� or D�

receptor binding in the mentioned areas of the
brain.

Our results are partially in accordance with
studies showing that chronic treatment with corti-
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Table 3. The influence of 14-day dexamethasone treatment on D� receptors in the striatum

Dexamethasone treatment [�H]SCH 23390
0.5 nM

% [�H]SCH 23390
3.0 nM

%

Control 33.4 ± 2.4 100 89.3 ± 3.3 100

4 mg/kg (3.5 h) 36.4 ± 11.7 109 82.7 ± 6.5 93

4 mg/kg (48 h) 27.6 ± 10.1 83 77.0 ± 48.4 86

8 mg/kg (3.5 h) 20.0 ± 8.5 60 64.5 ± 37.1 72

8 mg/kg (48 h) 31.3 ± 10.7 94 85.1 ± 7.5 95

16 mg/kg (3.5 h) 40.5 ± 4.0 121 102.5 ± 14.9 115

16 mg/kg (48 h) 37.9 ± 13.6 113 117.3 ± 26.9 131

Values are the means ± SEM of 4 animals per group and are expressed in fmol/mg of tissue

Table 4. The influence of 14-day dexamethasone treatment on D� receptors in the striatum

Dexamethasone treatment [�H] spiperone
0.5 nM

% [�H] spiperone
3.0 nM

%

Control 86.4 ± 22.0 100 229.3 ± 9.6 100

4 mg/kg (3.5 h) 70.4 ± 4.8 81 213.8 ± 11.5 93

4 mg/kg (48 h) 35.6 ± 13.0 41 186.0 ± 48.2 81

8 mg/kg (3.5 h) 66.7 ± 4.6 77 202.9 ± 34.9 88

8 mg/kg (48 h) 56.6 ± 22.9 66 244.9 ± 75.9 107

16 mg/kg (3.5 h) 88.8 ± 10.1 103 282.6 ± 7.1 123

16 mg/kg (48 h) 96.3 ± 10.7 111 280.2 ± 21.0 122

Values are the means ± SEM of 4 animals per group and are expressed in fmol/mg of tissue



costerone does not alter the D� and D� receptor den-
sity in the rat striatum [19, 42].

On the other hand, Biron et al. [5] proved that
the adrenalectomy reduced striatal specific D� and
D� receptor binding and this was corrected by glu-
cocorticosteroid treatment. In agreement with this
findings, transgenic mice underexpressing gluco-
corticosteroid receptors and showing elevated level
of plasma corticosteroids were found to have
higher levels of D� and D� receptors compared to
control mice [10]. In contrast, it has recently been
shown that striatal D� receptor mRNA level was de-
creased in rats treated for two weeks with cortico-
sterone, whereas D� and D� receptor mRNA as well
as D�, D� and D� receptor ligand binding remained
unchanged [27]. Furthermore, the corticosterone
synthesis inhibitor metyrapone was shown to de-
crease D� receptor binding and D� receptor mRNA
levels in the rat striatum [11].

The modulatory effect of glucocorticosteroids
on presynaptic dopaminergic neurons consists pre-
sumably in the inhibition of dopamine reuptake and
blockade of monoamine oxidase activity [22]. Con-
sequently, exogenous glucocorticosteroids enhance
brain dopamine concentration while their depletion
reduces striatal dopaminergic transmission [34,
35]. The impact of chronically administered gluco-
corticosteroids on postsynaptic dopamine receptors
remains scarcely explored although more than 90%
of the striatal neurons express both types of corti-
costerone receptors [1].

Studies in rats and humans show a link between
glucocorticosteroids and dopamine [4, 29]. In rats,
dexamethasone rapidly increases dopamine levels
in the spinal cord and carotid body and dopamine
turnover in the mouse brain [23]. Dexamethasone
increases also dopamine levels in the rat hypothala-
mus and nucleus accumbens but not in the striatum
or frontal cortex [36, 37]. In humans, plasma free
dopamine levels are markedly increased after 1 mg
of dexamethasone [36]. Dopamine activity in-
creased by glucocorticosteroids may be involved,
at least in part, in depression, psychosis or mania
that result from elevated glucocorticosteroid levels
in Cushing’s disease or after exogenously adminis-
tered corticosteroids [7, 30, 31, 41]. Elevated glu-
cocorticosteroid levels and reduced dexamethasone
suppressibility are linked strongly to unipolar psy-
chotic depression [38].

The studies performed with depressed patients
suggest that corticosteroids may alter dopaminergic

activity. Dexamethasone administration in these
patients resulted in a significant decrease in plasma
levels of ACTH, cortisol and prolactin [31]. An in-
crease of D� receptors density in depressed pa-
tients’ brain (basal ganglia/cerebellum) was also
shown [14, 28].

The expression of level of D� and D� receptor
mRNA have been investigated in developing rabbit
striatum after antenatal exposure to betamethasone.
After birth, dopamine D� and D� receptor mRNA
levels were both significantly lower in 1- and 25-
old treated pups [26].

Henry et al. [24] subjected rats during last week
of pregnancy to restraint stress what resulted in
functional alterations in the mesolimbic dopamin-
ergic system in the offspring. Prenatal stress in-
duced opposite changes in dopamine D� and D� re-
ceptor densities in the nucleus accumbens of the
adult offspring. D� receptor density increased in the
nucleus accumbens, but not in the striatum, while
the D� receptor density decreased both in the shell
and the core of nucleus accumbens. D� receptor
binding in this structure was not significantly af-
fected by the prenatal stress.

Similar effect was observed in our study, where
the increase in specific D� receptor binding was
shown in the limbic system of mice, treated chroni-
cally with low dose of dexamethasone (4 mg/kg/day)
3.5 h (but not 48 h) after the last dose of the drug.
This result may suggest short-lasting D� receptor
“up-regulation”, as the effect of the low, last dose
of dexamethasone, which disappears thereafter.

It is difficult to explain why prolonged treat-
ment with dexamethasone at higher doses (8 or 16
mg/kg/day) did not evoked significant changes in
the D� receptor binding in any structure of the
brain. It is possible that the essential mechanism of
action of dexamethasone administered at higher
doses is the reduction of HPA axis activity [13] or
activation of other additional mechanisms, which
counteract the effect of dexamethasone on specific
D� receptor binding.

The precise mechanism by which corticoste-
roids exert behavioral changes and modulate the re-
sponse to dopamine agonists are not fully under-
stood. One possibility could be the effect of corti-
costeroids on the expression of neurotransmitter
receptors. It was shown previously that the expres-
sion of 5-HT��, 5-HT�� as well as that of �-adrene-
rgic receptors was modified in rat brain after treat-
ment with glucocorticosteroids (review [8], [45]).
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Alteration in expression of these neurotransmitter
receptors due to an abnormal HPA axis may lead to
changes in receptor responsiveness to extracellular
messages. For example, the repeated administra-
tion of dexamethasone increased the activity as
well as the expression of specific isozymes of the
protein kinase C (PKC) and of phospholipase C in
rat brain [16, 17]. Subsequent investigations indi-
cate that the expression of selective isoforms of the
protein kinase A regulatory and catalytic subunits
are decreased after glucocorticoids administration
[18]. This may in turn be associated with the altera-
tions in cAMP binding as well as in the catalytic
properties of PKA. These alterations in PKA may
be relevant to glucocorticoid-mediated changes in
mood and behavior and in the response to dopa-
mine agonists.

Lammers et al. [27] reported the lack of direct
corticosterone influence on brain dopamine recep-
tors. The other authors have suggested that the de-
cline of the response to dopamine agonists (ob-
served also in our previous study [12]), might be
the result of corticosterone influence on other neuro-
transmitter systems, like cholinergic [2] or GABAer-
gic pathways [21].

Additional experimental and clinical studies
will be needed to determine the appropriate role of
glucocorticosteroids in the brain dopamine system
activity.
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