
GLUCOCORTICOIDS AND MOOD

Risk Factors for Development of Depression
and Psychosis

Glucocorticoid Receptors and Pituitary Implications
for Treatment with Antidepressant

and Glucocorticoids

Carmine M. Pariante

Sections of Perinatal Psychiatry & Stress, Psychiatry and Immunology,
Division of Psychological Medicine and Psychiatry Institute of Psychiatry,

King’s College London, London, United Kingdom

Increased levels of glucocorticoid hormones—the main product of the hypothalamic-
pituitary-adrenal (HPA) axis—have been considered to be “depressogenic,” but this
notion has largely derived from studies in patients with endocrine conditions, such as
Cushing’s syndrome or exogenous treatment with synthetic glucocorticoids. In these
conditions, it is likely that the full impact of the high glucocorticoid levels is felt on the
brain, through over-stimulation of the glucocorticoid receptors (GRs); indeed, normal-
izing these high levels leads to an improvement of mood in these patients. However,
a completely different mechanism may be operating in major depression, where the
increased levels of glucocorticoid hormones are conceptualized as driven by an impair-
ment in GR function (glucocorticoid resistance), and therefore as a “compensatory”
mechanism. Moreover, clinical and experimental studies have shown that antidepres-
sants increase GR function, thus leading to resolution of glucocorticoid resistance.
Interestingly, a number of studies have also demonstrated that manipulating GR func-
tion with both agonists and antagonists has an antidepressant effect, and indeed that
other drugs targeting the HPA axis and cortisol secretion—even drugs with opposite
effects on the HPA axis—have antidepressant effects. These studies do not support the
notion that “high levels of glucocorticoids” always have a depressogenic effect, nor that
decreasing the effects of these hormones always has an antidepressant effects.
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The HPA Axis in Psychiatric
Disorders

The hypothalamic-pituitary-adrenal (HPA)
axis is the main hormonal system involved
in psychiatric disorders, but the mechanisms
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underlying its abnormalities in these patients
are still unclear. HPA axis activity is governed
by the secretion of adrenocorticotrophic hor-
mone (ACTH)-releasing factor (CRF) and va-
sopressin from the hypothalamus, which in turn
activate the secretion of ACTH from the pit-
uitary, which finally stimulates the secretion of
the glucocorticoids (cortisol in humans and cor-
ticosterone in rodents) from the adrenal cor-
tex. Glucocorticoids then interact with their re-
ceptors in multiple target tissues, including the
HPA axis, where they are responsible for feed-
back inhibition of the secretion of ACTH from
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the pituitary and CRF from the hypothalamus
(see below).1

Hyperactivity of the HPA axis in major de-
pression is one of the most consistent find-
ings in psychiatry (reviewed in Ref. 2). A sig-
nificant percentage of depressed patients have
been shown to hypersecrete cortisol, as man-
ifested by increased 24-h urinary free cortisol
and elevated plasma and cerebrospinal fluid
concentrations of cortisol; nonsuppression of
cortisol, beta-endorphin, and ACTH following
dexamethasone administration, in the dexam-
ethasone suppression test and in the dexam-
ethasone/CRF test; and increased volume of
the pituitary gland and of the adrenal glands.
For example, we have shown that inpatients
with chronic, treatment resistant major depres-
sion have cortisol outputs throughout the day
that are double those of age- and sex-matched
controls.3

Interestingly, this increased activation of the
HPA axis is not specific to the acute phase of de-
pression or indeed to depression itself. In fact,
subjects “at risk” of developing depression be-
cause of personality traits,4 and healthy first-
degree relatives of patients with major depres-
sion, have also been described to show HPA
axis hyperactivity.5 Moreover, patients who are
in the acute phase of a psychotic disorder, at
their first-episode, with florid symptoms, newly
hospitalized or unmedicated, also have an el-
evated HPA axis activity as shown by raised
cortisol and ACTH levels, and nonsuppres-
sion of cortisol secretion by dexamethasone
in the dexamethasone suppression test and in
the dexamethasone/CRF test (reviewed in Ref.
6). Moreover, we have shown an increased pi-
tuitary volume in patients with recent onset
schizophreniform or affective psychoses.7,8 Fi-
nally, and similar to depression, we and others
have shown HPA axis hyperactivity in subjects
“at risk” of developing psychosis,9,10 as well as
in healthy first-degree relatives of patients with
a psychotic disorder.11 Taken together, these
lines of evidence indicate that increased activ-
ity of the HPA axis characterize not only indi-
viduals during the acute phases of psychiatric

disorders (especially depression and psychosis)
but also those at risk to develop these disorders
in the future. The mechanisms underlying this
abnormality, however, have yet to be clarified.

Glucocorticoid Resistance in
Psychiatric Disorders

We will claim in this chapter that the in-
creased activity of the HPA axis in both de-
pression and psychosis is related, at least in
part, to altered feedback inhibition by endoge-
nous glucocorticoids, also known as “glucocor-
ticoid resistance.” Through binding to their
receptors in HPA axis tissues, endogenous glu-
cocorticoids serve as potent negative regulators
of HPA axis activity, including the synthesis
and release of CRF in the paraventricular
nucleus.12 Data supporting the notion that
glucocorticoid-mediated feedback inhibition is
impaired in major depression comes from the
studies demonstrating nonsuppression of cor-
tisol secretion following administration of the
synthetic glucocorticoid dexamethasone.13 As
an example representing myriad of similar stud-
ies, we have recently shown that healthy con-
trols have 85% suppression of cortisol output
throughout the day following a small (0.5 mg)
dose of dexamethasone, while in contrast de-
pressed patients only show approximately 45%
of suppression.3 Moreover, the increased pitu-
itary volume described by in patients with de-
pression and psychosis also indicates a lack of
efficient negative feedback by circulating gluco-
corticoid hormones on the pituitary cells pro-
ducing ACTH, leading to an increase in the
size and number of these cells.6 Indeed, in-
creased size and number of ACTH-producing
cells and increased volume of the pituitary are
present also in subjects with a lack of neg-
ative inhibitory feedback by circulating glu-
cocorticoid hormones because of Addison’s
disease.14 Moreover, previous studies in psy-
chiatric populations have also shown a posi-
tive correlation between pituitary volume and
postdexamethasone cortisol levels, indicating
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that the pituitary is larger in those patients
who show less suppression of cortisol secre-
tion by dexamethasone and thus have more
glucocorticoid resistance.15,16 Finally, although
this review will not focus on the psychoneu-
roimmunology of depression, the presence of
both HPA axis hyperactivity and increased in-
flammation in patients with psychiatric disor-
ders also support the notion of “glucocorticoid
resistance”—specifically, of the presence of re-
sistance, in the immune cells, to the physio-
logical anti-inflammatory action of endogenous
glucocorticoids.17 Indeed, we have recently de-
scribed increased cortisol levels together with
increased levels of the inflammatory marker
interleukin-6 (IL-6) in patients with chronic,
treatment-resistant depressed patients18—the
same clinical features, but not the same pa-
tients, as in the study by Juruena et al.3 To un-
derstand the molecular mechanisms underly-
ing glucocorticoid resistance, it is important to
illustrate the status of the glucocorticoid recep-
tor (GR) in patients with depression and other
psychiatric disorders.

As mentioned before, glucocorticoids medi-
ate their actions, including feedback regulation
of the HPA axis, through two distinct intracel-
lular corticosteroid receptor subtypes referred
to as the type I or mineralocorticoid receptor
(MR), and the type II or GR. The MR has
a high affinity for endogenous corticosteroids
and is believed to play a role in the regulation
of circadian fluctuations in these hormones (es-
pecially the regulation of ACTH secretion dur-
ing the diurnal trough in cortisol secretion).
In contrast to the MR, the GR has a high
affinity for dexamethasone and a lower affin-
ity for endogenous glucocorticoids. The GR is
therefore believed to be more important in the
regulation of the response to stress when en-
dogenous levels of glucocorticoids are high.12

Because patients with psychiatric disorders ex-
hibit impaired HPA negative feedback in the
context of elevated circulating levels of cortisol,
a number of studies have considered the pos-
sibility that the number or function of GR, or
both, are reduced in these patients, as the mech-

anism directly underlying glucocorticoid resis-
tance. There are few studies that have specif-
ically looked at MR in depression, and these
will also be reviewed.

Over the past 30 years, a number of studies
have assessed GR function in patients with ma-
jor depression. In general, these studies have
measured GR function either directly, in pe-
ripheral cells (blood cells and skin fibroblasts)
isolated and cultivated in vitro, or indirectly, in
peripheral cells in vivo using metabolic or vas-
cular markers. Studies using both approaches
have found a lack of response of the GR in
depressed patients, especially in those who are
nonsuppressors to the dexamethasone suppres-
sion test (reviewed in Refs. 1, 19). In other
words, these studies directly confirm the no-
tion that GR function is impaired in depres-
sion. Recently, we confirmed these findings in
a whole-blood experimental system in patients
with chronic, treatment resistant depressed
patients.18 In these patients, GR function,
measured as dexamethasone-induced suppres-
sion of lipopolysaccharide (LPS)-stimulated
IL-6 levels, is similar in patients and in con-
trols; patients, however, have much higher (en-
dogenous) cortisol levels in the whole-blood
culture, thus indicating that GR function is
indeed reduced as the total amount of GR stim-
ulation (endogenous + exogenous) is higher
in depressed patients. Whether these GR ab-
normalities normalize with recovery is still
unclear.20

Interestingly, there is virtually no data on
GR function in cells from patients with psy-
chosis. One study examined GR function in
a group of patients with psychiatric disorders,
and found that patients with schizophrenia (as
those with depression) had the lowest number
of GR.21 A recent study in prodromal subjects
(before the onset of schizophrenia) found that
there was no differences in GR expression be-
tween those who later develop psychosis and
those who do not, although the sample size
was very small (4 and 13, respectively).22 In-
directly, however, GR resistance is psychosis
is also supported by studies showing, similar
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to depression, increased inflammation in the
context of hypercortisolemia.23 Therefore,
while very little in vitro evidence is available,
HPA axis and immune data (including those
discussed above) confirm the notion of GR re-
sistance in psychosis. It is also of note that these
GR functional studies are consistent with neu-
rophathological findings in postmortem human
brain. In postmortem research, studies have
found reduced levels of the GR (and of the
MR) in brains of patients with major depres-
sion and with schizophrenia.24–27 Finally, it is
also important to highlight that an impairment
in GR function does not necessarily indicate a
specific GR abnormality, as several protein that
interact with the GR (and regulate its function)
have been shown to be abnormal in psychiatric
disorders.28,29

As mentioned above, only a few studies have
examined MR function in psychiatric disor-
ders. Studies using dexamethasone only probe
GR function, as this synthetic steroid has a
much higher affinity for GR than for MR.30

Young et al. have been the first to use the
MR antagonist, spironolactone, to test HPA
axis response in depressed patients and con-
trols. Healthy subjects respond to spironolac-
tone with an increase in HPA axis activity due
to blocking of MR-mediate feedback inhibi-
tion.31 In their study,30 they found that de-
pressed patients respond even more than con-
trols to spironolactone, indicating not only that
MR-mediated negative feedback is intact in de-
pression but also that it may be hyperactive,
perhaps in an attempt to compensate for the
lack of effective GR action. Recently, we de-
veloped a suppressive test using another syn-
thetic glucocorticoid, prednisolone, which has
a high affinity for both the GR and the MR and
therefore should probe both receptors.32 Our
results confirm the notion that MR-mediated
negative feedback in depression is intact or
increased in depressed patients.3 The study
was conducted in the same subjects described
above, who were administered also the dexam-
ethasone suppression test, and showed that the
same depressed patients who are resistant to

dexamethasone can suppress to prednisolone
normally. An intact or hyperactive MR could
explain these findings. Interestingly, a very re-
cent postmortem study has found for the first
time that patients with major depression have
indeed increased expression of the MR in the
hypothalamus,33 thus for the first time directly
supporting this model.

Taken together, these data support our pro-
posed model in which the main neuroen-
docrinological abnormality in depression is a
reduction of the GR-mediated effects of glucocor-
ticoids hormones on the brain (glucocorticoid
resistance) because of decreased GR function
or expression in the brain. As claimed by us
and others, in this model the elevated levels of
circulating cortisol in depression are therefore
a compensatory mechanism aiming to over-
come the glucocorticoid resistance, and not
a toxic mechanism leading to depression.34,35

Moreover, according to this model, part of the
therapeutic action of psychotropic medications
—especially of antidepressants—is to increase
glucocorticoid signal in the brain by increasing
GR expression and function. The next section
of this review will provide evidence supporting
this last claim.

The GR as a Target for
Antidepressant Action

There are now a series of animals and in vitro

studies demonstrating a direct effect of antide-
pressants on the GR (and the MR), leading
to increased receptor expression and function,
and thus to increased negative feedback on
the HPA axis (reviewed in Refs. 1, 19, 36–38).
In animals, a number of studies have shown
that long-term antidepressant treatment upreg-
ulates GR and MR in the brains of rodents, and
decreases their basal and stress-induced glu-
cocorticoid secretion. Moreover, direct in vitro

treatment with antidepressants regulates GR
function in neuronal cells, fibroblasts, and pe-
ripheral blood mononuclear cells, although
the effects are dependent on the experimental
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conditions.18,39–43 Indeed, these in vitro exper-
imental systems are particularly significant to
our understanding of the mechanisms under-
lying the effects of antidepressants on the GR.
In particular, these studies indicate that inhi-
bition of noradrenaline or serotonin reuptake
is not involved in the antidepressant-induced
changes in GR function. Specifically, our work
over a number of years has identified at least
two mechanisms by which antidepressants reg-
ulate GR function. First, treatment with antide-
pressants is able to inhibit steroid transporters
localized on the membranes of cells, such as
the multidrug resistance P-glycoprotein, which
expels glucocorticoids from cells; thus, the
resulting effect from this action is an
antidepressant-induced increase in intracellu-
lar concentrations of glucocorticoids, and thus,
indirectly, an increase in GR function. Second,
and at the same time, antidepressants activate
GR translocation from the cytoplasm into the
nucleus and thus decrease GR expression con-
sequent of the increased nuclear compartmen-
talization; thus, the resulting effect from this ac-
tion is an antidepressant-induced decreased in
GR expression and thus, directly, a decrease
in GR function. Therefore, if cells are treated
in experimental conditions that do elicit the ef-
fects on the transporter, such as when cells are
incubated with antidepressants and a glucocor-
ticoid that is expelled by the transporter, like
dexamethasone or cortisol, an enhanced GR
function is evident1,39,40,44: this is because the
increase in the intracellular levels of the gluco-
corticoid overcomes the GR downregulation.
However, if cells are treated in experimental
conditions that do not elicit the effects on the
transporter, the GR downregulation leads to
a reduced GR function: for example, when
cells are incubated with antidepressants and
corticosterone,43 which is not a substrate of P-
glycoprotein; or in the presence of the trans-
porter inhibitor, verapamil43; or when cells are
treated with antidepressants alone.45

Interestingly, this model is supported by our
most recent papers on mice and humans. In
mice, treatment with the antidepressant de-

sipramine induces GR downregulation in P-
glycoprotein knockout mice, and therefore, in
a condition that is similar to the in vitro ex-
periments that do not elicit the effect on the
transporter—while inducing GR upregulation
in control mice—and therefore in a condition
that similar to the in vitro experiments that do

elicit effect on the transporter.46 In humans,
we have recently demonstrated that incuba-
tion of whole blood cells with the antidepres-
sant clomipramine reduced GR function, mea-
sured as described above.18 We interpret these
data as indicating that the antidepressant in-
duces GR translocation and thus reduces GR
expression in the peripheral blood mononu-
clear cell (in the whole blood) in the absence
of any compensatory action of steroid trans-
porters, which have been described at very low
levels in human peripheral blood mononuclear
cells. More interestingly, depressed patients—
the chronic, treatment-resistant sample men-
tioned above—do not show this effect; that
is, the GR in the peripheral blood mononu-
clear cells of these “treatment-resistant pa-
tients” is also is “resistant in vitro” to the effects of
antidepressants.18

Similarly to the lack of studies on GR func-
tion in patients with schizophrenia, there are
very little data on the effects of antipsychotics
on GR function. In vitro data show that clozap-
ine, cloropromazine, and sulpiride all affect GR
function, but not in the same directions.47,48

Moreover, quetiapine and olanzapine (but not
haloperidol) directly decrease HPA axis activity
in healthy volunteers.49,50 Overall, therefore,
there are similarities between antidepressants
and at least some antipsychotics in the effects
on the GR and the HPA axis.

How Can We Manipulate the GR?

In humans, clinical studies have also shown
that manipulation of GR function by both GR
agonists and antagonists has antidepressant ef-
fects. On one side, treatment with GR and MR
agonists, like dexamethasone, prednisolone
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and cortisol, has shown antidepressant ac-
tion51–53 and ameliorating effects on declarative
memory54 in depressed patients. While some
studies described only an acute, transient im-
provement in depressive symptoms, subsequent
studies have shown that a short-term treatment
with a GR agonist has persistent antidepressant
effects.51–53 On the other hand, GR antago-
nists, like mifepristone (RU486), have therapeu-
tic effects in the treatment of psychotic depres-
sion55,56 and bipolar disorder.57 These findings
could appear to contradict each other. Indeed,
GR antagonists were first proposed as antide-
pressant agents within the theoretical model
that the hypercortisolemia exerts a “toxic” ac-
tion on the brain that needs to be reduced in or-
der to obtain a therapeutic response. However,
the therapeutic effects of GR antagonists could
also be explained within the “glucocorticoid re-
sistance” model. In fact, these drugs completely
block the negative feedback and thus cause a
further elevation of cortisol levels, persistent for
days or weeks. It is therefore possible that the
therapeutic effects are induced by these overly
elevated cortisol levels, which in turn increase
the cortisol signal in the brain. Indeed, during
treatment with a GR antagonist, the MR re-
mains available to cortisol as it is not blocked
by these drugs; or, the GR can be displaced
temporarily by the peak levels of cortisol. Inter-
estingly, studies using mifrepristone have shown
not only that this drug increases the HPA axis
but also that it normalizes the circadian rhythm
(albeit at a higher level) of cortisol secretion.
Therefore, it is possible that GR antagonists do
not exert the therapeutic action by blocking a
“depression-inducing” effect of the hypercorti-
solemia, but rather by resetting the HPA axis
function.56

Interestingly, cortisol synthesis inhibitors,
such as metyrapone, have also been used as
antidepressant agents. Similar to the GR an-
tagonists, these compounds have been origi-
nally proposed as therapeutic agents because of
their ability of reducing the putative “toxic” ef-
fects of hypercortisolemia on the brain.58 How-
ever, once again, the effectiveness of these drugs

in ameliorating depressive symptoms does not
unequivocally support the “toxic hypercorti-
solemia” model, nor is it in contrast to the “glu-
cocorticoid resistance” model. In fact, these
compounds show antidepressant effects even in
the absence of any changes in cortisol levels—
that is, even when the hypothesized mechanism
of action is lacking.58 Indeed, for these com-
pounds, the main therapeutic pharmacological
action could be mediated by the increased pro-
duction of neurosteroids with potential antide-
pressant effects, such as 11-deoxycortisol and
dehydroepiandrosterone (DHEA).58

What Does “Hypercortisolemia”
Really Mean?

Having reviewed the evidence supporting
the notion of glucocorticoid resistance in de-
pression, it is important to highlight that there
is not only one single “hypercortisolemia” state.
In the context of depression—and in this con-
text only—it is scientifically legitimate to claim
that the hypercortisolemia represents a com-
pensatory mechanism and thus does not ex-
ert “depression-inducing” effects on the brain.
However, there is no doubt that other forms
of hypercortisolemia, in other clinical context,
may be “depression-inducing.” For example,
in the context of Cushing’s disease, due to
adrenal or pituitary tumors, the hypercorti-
solemia has clear mood-changing effects, with
depression been the most frequent psychiatric
complication. In this context, the changes in
mood are reversed by normalization of gluco-
corticoid levels, and therefore the “depression-
inducing” effects of the high levels of cortisol
are evident. Similarly, pharmacological ad-
ministration of synthetic glucocorticoids also
has a clear “mood-affecting” component al-
though, interestingly, dysphoria, irritability and
elation are more frequent than depression in
these circumstances. Again, stopping or de-
creasing exogenous glucocorticoid administra-
tion in these states improves mood, thus sup-
porting a causative role of the high level of
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glucocorticoids in these mood changes. What
is also apparent, however, is that both of
these conditions can be conceptualized as quite
different from depression: during Cushing’s dis-
ease or exogenous glucocorticoid administra-
tion, the high levels of endogenous or exoge-
nous glucocorticoids (often much higher that
those reached in depression) alter brain func-
tion via an apparently normal GR; in con-
trast, in depression it is an impaired GR that
leads to the increased cortisol levels. While this
may seem to be only a semantic distinction, it
is in fact a very important one, because ac-
cording to this model—the model proposed
in this paper—decreasing cortisol action will
only work as an effective antidepressant strat-
egy during Cushing’s disease or exogenous glu-
cocorticoid administration, but not in major
depression. Therefore, a correct understanding
and conceptualization of hypercortisolemia (or,
better, hypercortisolemias) in the context of differ-
ent psychiatric and medical conditions is essen-
tial to develop new, effective therapeutic tools
for these patients.
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