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The paper describes the effect of metyrapone supplementation on imipramine therapy
in patients (with treatmen-tresistant unipolar depression) who fulfilled DSM IV criteria
for major depression. Nine patients were enrolled to the study on the basis of history of
their illness and therapy. Following 2 weeks of washout period, the patients were treated
with imipramine twice daily (100 mg/day) for 6 weeks, and then metyrapone was intro-
duced (twice daily, 500 mg/day), and administered jointly with imipramine for further
6 weeks. Hamilton Depression Rating Scale (HDRS) and Beck Depression Inventory
(BDI) were used to assess efficacy of antidepressant therapy. Imipramine changed neither
HDRS nor BDI score after 6 weeks of treatment when compared with baseline (before
treatment). Metyrapone supplementation significantly reduced both HDRS and BDI
scores after 6-week supplementation. Moreover, pharmacokinetic data indicate that mety-
rapone did not influence significantly the plasma concentration of imipramine and its me-
tabolite, desipramine in the patients during joint treatment with metyrapone and imi-
pramine, what suggests the lack of pharmacokinetic interaction.

This preliminary study is the first demonstration of the benefit of metyrapone supple-
mentation in imipramine therapy of treatment-resistant unipolar depression and suggests
that a change in the level of neurotransmitters, hormones and immunological parameters,
which are disturbed in depression, may contribute to the mechanism of the action of this
drug.
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INTRODUCTION

It is known that all of currently used antidepres-
sant drugs (ADs) show the therapeutic efficacy in
a maximum of 60–80% of patients who have expe-
rienced a major depressive episode (unipolar or bi-
polar). These patients fail to demonstrate substan-
tial clinical improvement following their first treat-
ment with antidepressant medication (defined as at
least 50% reduction in symptom score) [11, 29].
Therefore, in order to improve therapy, a combina-
tion of ADs from various pharmacological groups
or a combination of an AD and a substance that can
enhance its effect is used in clinical practice.
Among agents which are expected to potentiate an-
tidepressant efficacy, there are inhibitors of gluco-
corticoid synthesis. In fact, they have shown anti-
depressant-like properties in some animal models
of depression [1, 8, 10]. Also clinical studies have
demonstrated the antidepressant effect of metyra-
pone, aminoglutethimide and ketoconazole; how-
ever, these drugs are used mainly in drug-resistant
depression [14, 16, 19, 22, 27, 34]. To date, in clini-
cal studies, glucocorticoid synthesis inhibitors or
antagonist of glucocorticoid receptors have been
administered alone at relatively high doses, so their
side-effects were occasionally observed [19]. Com-
binations of a glucocorticoid inhibitor and an anti-
depressant drug should help decrease their doses
and, in consequence, also alleviate side effects.
Among glucocorticoid synthesis inhibitors, metyra-
pone (which inhibits the enzyme 11-hydroxylase)
has the weakest effect on gonadal hormone levels
[22, 28]. We found previously that combined treat-
ment with imipramine and metyrapone produced a
more potent antidepressant-like effect than either of
the drugs given alone in the forced swimming test
in rats [24]. It is well known that patients with en-
dogenous depression often display an enhanced ac-
tivity of the hypothalamic-pituitary-adrenal (HPA)
axis [2, 17–19, 30, 32]. Since the hyperactivity of
the HPA axis may be a significant factor in the
pathogenesis of depression, and since the lack of
normalization of the axis activity in the course of
therapy with ADs often correlates with the absence
of their therapeutic effect, it seems purposeful to
examine the effect of joint administration of ADs
and glucocorticoid inhibitors in the treatment-
resistant depression.

The present study was designed to investigate
the effect of metyrapone supplementation on imi-

pramine therapy in patients with treatment-resistant
unipolar depression. The plasma levels of imi-
pramine and its metabolite, desipramine, were also
determined in order to check possible pharmacoki-
netic interactions with metyrapone.

MATERIALS and METHODS

The study was approved by the hospital’s insti-
tutional review board. Written informed consent
was obtained from the patients after the procedures
have been fully explained. Subjects, eligible for
study participation met DSM IV diagnostic criteria
for major depression, and have failed to satisfacto-
rily respond to various 8-week trials of antidepres-
sants at the therapeutic doses. Before study entry,
all patients were interviewed by 2 psychiatrists.
A complete psychiatric and medical history was
taken.

Patients (inpatients) were recruited on the basis
of history of their illness and therapy. Nine patients
were admitted, including 3 men and 6 women, aged
44–64 years. The mean duration of the illness was
9–20 years, with the number of depressive episodes
averaging 3–9. Over these years, the therapy of the
patients consisted of treatment with various tricyc-
lic antidepressants, followed by one or more selec-
tive serotonin reuptake inhibitors or one of the anti-
depressants of new generation (e.g. venlafaxine).
None of these therapies was effective. Antidepres-
sant therapy has also been augmented by the addi-
tion of lithium or/and carbamazepine, and this
treatment was never successful. Over the long-
lasting period of their illness, the patients have
been also treated with benzodiazepines, neurolep-
tics and mood stabilizers (full documentation of the
treatment prior to the present study can be ac-
cessed).

At the beginning of the present study, the 2 weeks
of a washout period was introduced, and no benzo-
diazepines or other psychotropic agents were al-
lowed. Thereafter, nine patients (3 men and 6 women)
were treated with imipramine (Imipramin, Pol-
pharma, Warszawa, Poland) twice daily (100 mg/day)
for 3 and 6 weeks, and then metyrapone (Novartis
Pharma, Bern, Schwitzerland) was introduced
(twice daily, 500 mg/day) and administered jointly
with imipramine for further 3 and 6 weeks. Hamil-
ton Depression Rating Scale (HDRS) [7] and Beck
Depression Inventory (BDI) [4] were used to assess
efficacy of antidepressant therapy.
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Pharmacokinetic studies were conduced only in
patients who expressed their consent to be tested in
this direction (6 patients). Blood samples were col-
lected before the morning dose of imipramine and
metyrapone. Plasma concentrations of imipramine
and its metabolite desipramine were determined
with the HPLC method based on the procedure de-
scribed by Sutfin and Jusko [31]. To 1 ml of the
blood plasma containing imipramine and desi-
pramine, 300 µl of 25% ammonium hydroxide
were added, and the drugs were extracted with 2 ml
of hexane containing 1.5% of isoamyl alcohol
(v/v). Recovery of the parent compound and its me-
tabolite after extraction amounted to about 96%.
The residue obtained after evaporation of the
plasma extracts was dissolved in a mobile phase
(described below) and injected into the LaChrom
HPLC system (Merck-Hitachi), equipped with an
L-7480 fluorescence detector. The analytical col-

umn Econosphere C18 (5 µm, 4.6 × 250 mm) was
purchased from Alltech (Carnforth, England) and
was maintained at an ambient temperature. The
mobile phase consisted of methanol and acetoni-
trile (1:1, v/v) containing 1 ml/l of triethylamine.
The flow rate was 1 ml/min. Fluorescence of the
samples was measured at an excitation wavelength
of 240 nm and a 370 nm emission wavelength. All
plasma samples were assayed in duplicate.

The clinical and pharmacokinetic data were
evaluated by a one-way analysis of variance
(ANOVA), followed, when appropriate, by individ-
ual comparisons with the control using Dunnett’s
test.

RESULTS

Characteristics of the patients participating in
the study are presented in Table 1. Nine patients
were admitted, including 3 men and 6 women, aged
44–64 (52.4 ± 2.3) years. The mean duration of ill-
ness was 9–20 (14.7 ± 1.1) years, with the number
of depressive episodes averaging 3–9 (6.4 ± 0.7),
and each of them lasted at least 1 month. Clinical
and functional effect of the administration of imi-
pramine alone or together with metyrapone (five
time points), are presented in Figure 1. No differ-
ences were seen between baseline scores of male
and female patients (HDRS and BDI score). Imi-
pramine changed neither HDRS nor BDI score af-
ter 3 or 6 weeks of treatment when compared with
baseline depression scale (before treatment) (Fig.
1). Metyrapone augmentation significantly reduced
both HDRS and BID scores after 6-week (but not
after 3-week) administration of metyrapone in
combination with the imipramine therapy. The fol-
lowing results (mean ± SEM) were obtained. The
scores on HDRS dropped from 31.8 ± 0.7 to 17.2 ±

0.6 [F (4,40) = 52.70, � = 0.001] (reduction by
46%, Fig. 1A). Three female subjects tended to re-
act more strongly [in 3 (No 3, 5 and 6) of 6 patients
depression scores decreased by more than 50%
from the baseline]. A weaker reaction was observed
in other three female and three male patients (a de-
crease by 40–45.5% from the baseline depression
scores) (Tab. 1). Also results of ratings according to
BDI scores lowered from 50.6 ± 1.3 to 31.1 ± 2.5
points [F (4,40) = 26.81, � = 0.001] (reduction by
39.5%, Fig. 1B).

No significant side-effects resulting from the
above treatment were observed throughout the study.
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Fig. 1. The effect of metyrapone (MET) supplementation on
imipramine (IMI) therapy, evaluated by (A) Hamilton Depres-
sion Rating Scale (HDRS) and (B) Beck Depression Inventory
(BDI) scores in patients with treatment-resistant unipolar de-
pression. IMI (100 mg/day, twice daily) was given for 6 weeks,
and then MET (500 mg/day, twice daily) was introduced, and
administered joint with IMI for further 6 weeks. Data represent
the mean ± SEM of 9 patients. * p < 0.001 vs. respective value at
the beginning of the treatment (baseline)



The concentrations of imipramine and its de-
methylated metabolite desipramine in plasma of
the patients are presented in Table 2. Drug concen-
trations were within the therapeutic range in a ma-
jority of the patients (imipramine + desipramine
100–300 ng/ml) at most of the studied time points
of the therapy, i.e. before the addition of metyra-
pone to the imipramine treatment and during the
combined therapy. Metyrapone did not influence
the mean concentration of imipramine [F(3,20) =
0.75, ns] and desipramine [F(3,20) = 0.14, ns] or
(imipramine + desipramine) [F(3,10) = 0.18, ns] in
plasma of the patients. The differences in drug con-
centrations between patients after 6-week imi-
pramine treatment and those treated for 6 weeks

with a combination of imipramine + metyrapone
did not reach statistical significance (Tab. 2).

DISCUSSION

The present results demonstrate a benefit of
supplementation of the imipramine therapy with
metyrapone in nine studied patients with unipolar
depression. A response, defined as a decrease by
more than 50% from the baseline HDRS scores [6,
20, 23] was observed in three female patients, but
partial response defined as the drop by less than
50% but by more than 25% [15] was noted in the
other six patients (three females, three males).
Since no significant side effects resulting from the
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above treatment were observed throughout the
study, it seems that metyrapone is effective and
safe augmenting agents in the management of
treatment-resistant depression.

The obtained pharmacokinetic data indicate that
metyrapone did not influence significantly the
plasma concentration of imipramine and its me-
tabolite, desipramine, in the patients during joint
treatment with metyrapone and imipramine. The
relative concentrations of desipramine (compared
to imipramine) varied among patients, indicating
inter-individual differences in the activity of imi-
pramine N-demethylase, i.e. in the activity of cyto-
chromes P-450 3A4 and 1A2 (CYP3A4 and
CYP1A2). Therefore, the observed improvement in
the clinical state of the treatment-resistant patients
may be ascribed to a pharmacodynamic interaction.

It may be suggested that metyrapone (a gluco-
corticoid synthesis inhibitor) may demonstrate an-
tidepressant properties through a combination of
several different mechanisms. They include the
blockade of the synthesis and the subsequent re-
duced release of corticosterone (in rats) or cortisol
(in humans) into the bloodstream. It was found that
metyrapone suppressed plasma corticosterone con-
centration in stressed animals, but did not change
the basal level of that steroid [26]. This fact seems
to be of great importance, since in the light of the
corticosteroid receptor hypothesis of depression,
attenuation of elevated, but not basal, glucocorti-
coid levels is beneficial to the treatment of depres-
sion.

Glucocorticoids act via two distinct receptors:
the high-affinity mineralocorticoid receptor (MR),
and the low-affinity glucocorticoid receptor (GR).
MRs are primarily involved in the regulation of ba-
sal glucocorticoid level and function, while GRs
which are activated by high concentrations of ster-
oids are more important to restoring homeostasis
after stress [21]. The blockade of GR produced an
antidepressant effect in experimental and clinical
studies; however, due to the lack of a specific GR
antagonist and because of the adverse effects of
mifepristone, this treatment strategy has not been
studied in detail so far [14, 19]. On the other hand,
the MR antagonist spironolactone impairs the re-
sponse to ADs [9]. Therefore, only the inhibitory
effect of metyrapone on the stress-induced corti-
costerone concentration seems to be sufficient for
treatment of depression. In comparison with other
glucocorticoid synthesis inhibitors, such as amino-

glutethimide and ketoconazole, metyrapone acts
more selectively on glucocorticoid synthesis and
weakly affects gonadal steroid secretion [14, 22].
However, by inhibiting 11�-hydroxylase, metyra-
pone causes an increase in the concentration of cor-
ticosteroids 11-deoxy precursors inducing the posi-
tive modulator of GABA� receptor – tetrahydrode-
oxycorticosterone [22]. Hence, the antidepressant
effect of metyrapone may be connected not only
with the reduction of plasma corticosterone con-
centration, but also with the action of bioactive cor-
ticosterone precursors on GABAergic transmission
[13].

Moreover, our previous study indicated that
joint administration of metyrapone and imipramine
induced more potent antidepressive activity in the
forced swimming model of depression than either
of the drugs alone, and that dopamine D�.� and
5-HT�� receptors may contribute to the mechanism
of synergistic action of metyrapone and imipramine
in that test. [24].

On the other hand, ADs are known to affect not
only the levels of neurotransmitters and hormones,
but also some immunological parameters which are
disturbed in depression [3, 5, 12]. Our (unpub-
lished) data indicate that metyrapone decreases
corticosterone level, but has no effect on prolifera-
tion of splenocytes. Combined treatment with me-
tyrapone and imipramine inhibits the stress-
induced proliferative activity of splenocytes (bene-
ficial change in the immunological system), but de-
creases corticosterone level to a similar extent as
metyrapone alone. The lack of correlation between
corticosterone level and the proliferative activity of
splenocytes suggests that the synergistic action of
metyrapone and imipramine is probably connected
with changes in the neurotransmitter level and/or
their receptors. Of possible mediators, GABA� re-
ceptors may be involved, since both tricyclic ADs
and metyrapone are known to increase the level of
tetrahydroallopregnanolone and tetrahydroallode-
oxycorticosterone, respectively, i.e. neuroactive
steroids, GABA� agonists, and, on the other hand,
GABA� agonists potently decrease T cell prolifera-
tion [22, 25, 33].

This preliminary study is the first demonstra-
tion of the benefit of metyrapone supplementation
to antidepressant therapy of treatment-resistant uni-
polar depression and suggests that the affect on the
level of neurotransmitters, hormones and immuno-
logical parameters (which are disturbed in depres-
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sion) may contribute to the mechanism of the ac-
tion of this drug. The small sample of patients lim-
its the generalizability of our finding, therefore, we
suggest to further investigate the use of metyrapone
as an augmenting agent in the treatment-resistant
depression and/or depression associated with high
cortisol level in larger, double-blind studies.
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