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Abstract:

Hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis and elevated cortisol (CORT) levels are characteristics of the patho-

physiology of major depressive disorder.

The aim of this study was to determine whether increased plasma CORT levels appear in patients with major depression and if effec-

tive antidepressant treatment by clomipramine (CLO) leads to regulation of CORT level. Plasma CORT levels were measured using

high performance liquid chromatography (HPLC) methods in patients with major depression at time zero (before therapy) and after

3 h, 24 h, 4, 6 and 8 weeks of CLO administration. The study included 17 patients (12 women, 5 men; mean age 54.5 years, SD

=12.3) and 21 healthy comparison subjects. The patients had a mean score on the 21-item Hamilton Depression Rating Scale

(HDRS) of 26.8 (range 22–35). Eight of the patients with major depression recruited for the study showed a 46% increase in CORT

concentration compared to the established standard. In 13 patients treated with CLO, serum CLO levels reached a therapeutic range.

In recovered depressed patients, antidepressant treatment significantly reduced HDRS scores from the 6th week of treatment. A drop

in plasma CORT levels in recovered depressed subjects occurred 0 to 6 weeks after CLO treatment (n = 5, p < 0.046). However, nei-

ther subject group exhibited any definitive markers of CORT secretion. In the population studied, patients had distinct profiles of

HPA axis dysregulation. Finding a linear correlation between lower CORT secretion and therapeutic plasma CLO levels is the first

aim of monitored therapy and may be important for understanding the pathophysiology of major depressive disorder.
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Introduction

Major depression is a serious medical illness accom-

panied by symptoms such as the inability to experi-

ence pleasure, sadness, loss of interest, low energy,

weight gain or loss, feelings of worthlessness, and hy-

persomnia or insomnia [17, 18]. A number of studies

have shown that major depression is often accompa-

nied by dysfunction of the hypothalamic-pituitary-

adrenal (HPA) axis and cortisol (CORT) hypersecre-

tion [8, 9, 12, 13, 23]. CORT, a glucocorticoid re-

leased from the adrenal cortex, is the end product of

the HPA axis. During periods of physical and psycho-
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logical stress, the hypothalamus secretes corticotro-

pin-releasing hormone (CRH) and arginine vaso-

pressin (AVP) into the circulatory system of the pitui-

tary. This causes the release of adrenocorticotropic

hormone (ACTH) from the anterior lobe of the pitui-

tary. In response to ACTH, CORT is released from the

adrenal cortex, which interacts with receptors in tis-

sues. In humans, there are at least two glucocorticoid

receptors (GR): MR (high-affinity receptor) and GR

(low-affinity receptor). The activated receptors trans-

locate to the nucleus, bind to specific hormone re-

sponse elements (HREs) and regulate the expression

of certain genes [10, 12, 13, 19, 20]. Although gluco-

corticoids are essential for survival, their overproduc-

tion is associated with impaired HPA negative feed-

back.

Numerous studies [3, 4, 17, 18, 23] have shown that

patients with major depression have increased CORT

secretion, although several studies did not find the

same result [15, 26]. These divergent results may indi-

cate differences in methodologies and statistical analy-

ses. For example, the levels of ApEn may reveal endo-

crine dysregulation in circumstances in which hormone

levels provide no information [16, 27].

Bhagwagar et al. [3] suggested that acutely de-

pressed, medication-free subjects have increased

CORT levels. They studied the pattern of waking sali-

vary CORT in 20 depressed subjects and 40 healthy

controls. Patients with acute depression secreted ap-

proximately 25% more CORT than controls, though

60 min after waking, their CORT levels were similar

[3]. In addition, they previously found similar greater

levels of waking salivary CORT in recovered de-

pressed patients [4]. It is known that CORT and

ACTH are secreted in pulses and have circadian and

ultradian rhythms, although measurements at the mo-

ment of waking show a consistent single “pulse” of

CORT, even if total CORT secretion is not increased.

Therefore, the present study attempted to assay serum

CORT levels in the morning.

Various studies by Stokes [23] on the role of dys-

function in the endocrine system and the pathogenesis

of mood disorders have shown. The reports have

shown that high CORT can affect mood, behavior and

cognition and consequently can induce enlargement

of the pituitary and adrenal glands. The autoregula-

tion of the HPA axis is related to the concentration of

CORT in the hippocampus. As the hippocampus is an

important structure for memory and learning, the role

of CORT in relation to depression and the integrity of

the hippocampus has received considerable attention.

Several studies have shown reduced hippocampal vol-

umes in depressed patients compared to normal sub-

jects [2, 7], and another study investigating hippo-

campal topography using high-dimensional brain

mapping demonstrated the deformation of the hippo-

campal surface in 27 patients with major depressive

disorder [16]. Moreover, the function of the GR is di-

minished in depressed patients, which may contribute

to increased HPA activity [5, 12]. Animal data suggest

that mice with reduced GR expression or function

have some behavioral changes. For example, Boyle

and coworkers [5] observed that the transgenic mice

(mice with time-dependent, forebrain – specific dis-

ruption of GR) consumed significantly less of a su-

crose solution than controls. This sucrose preference

test is a commonly used measure of anhedonia in ro-

dents. Furthermore, mice showed depression-like be-

haviors and despair, based on decreased activity in

forced swim tests.

Together, the data suggest that elevated levels of

glucocorticoids in depression is associated with dam-

age to the hippocampus and may be neurotoxic for

a brain area involved in learning and memory, result-

ing in cognitive decline or dementia [2, 21].

High CORT is associated with altered neurotrans-

mitter function, diminished brain serotonin synthesis

and increased noradrenergic activity [23]. The vast

majority of studies using triacyclic antidepressants

have shown that antidepressants increase expression

GR, enhance negative feedback by endogenous gluco-

corticoids and stimulate HPA axis activity [5, 11–13].

Studies in depressed patients have demonstrated that

antidepressants modulate GR function by inhibiting

membrane steroid transporters (MDR PGP), which

regulate the intracellular concentration of glucocorti-

coids [14]. Moreover, clomipramine (CLO) regulates

several neurotransmitter receptors and enhances sero-

tonergic activity by inhibiting 5-hydroxytryptamine

(5-HT) reuptake [22]. Therefore, the present study at-

tempts to examine whether serum CLO levels and its

metabolite demethylclomipramine (DCLO) correlate

with the therapeutic effects measured by the Hamilton

Depression Rating Scale (HDRS). Thus, we assessed

CORT levels to test the hypothesis that antidepressant

treatment leads to normalization of the HPA axis in

depressed patients.
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Materials and Methods

Patients and treatment

The study included n = 17 patients (12 women and

5 men; mean age = 54.5 years, SD = 12.3) and 21

comparison subjects (17 women and 4 men; mean age

= 34.56 years, SD = 20.07) Patients were recruited

from the Departments of Psychiatry at the Medical

University of Warsaw and had clinical diagnoses of

major (unipolar) depression or bipolar depression ac-

cording to DSM-IV.

Before medications were administered, informed

consent was obtained from all patients. The Local

Bioethical Committee approved the trial.

HDRS was used to assess patients’ psychological

status and efficacy of antidepressant therapy before

treatment and 2, 4, 6 and 8 weeks after its commence-

ment. The patients had a mean score of 26.8 (range

22–35) on the 21-item HDRS. A response to treat-

ment was defined as a 50% or more reduction in pre-

treatment scores. The development of side effects was

assessed using the Side-Effects Rating Scale (SERS).

There were four patients with bipolar major depres-

sion and 13 patients with unipolar major depression.

The duration of the diseases ranged from 0.5 to 35

years. Patients were free of psychiatric and nonpsy-

chiatric medications for at least 3 weeks. Three sub-

jects before the commencement of the therapy had

low plasma concentrations of some drugs, but they

were not excluded from the analysis because of many

instances of hospitalization, number of lifetime de-

pressive episodes and duration of depression. CLO

was started at a dose of 25 mg, with the dose being in-

creased according to clinical effect, eventually reaching

50, 125, and 150 mg/day.

To measure plasma concentrations of CORT, CLO

and DCLO, blood samples were drawn on the same

day (in the morning before the meal and before drug

administration).

Plasma CORT, CLO and DCLO levels were deter-

mined by high performance liquid chromatography

(HPLC) with absorbance detection at time zero (be-

fore therapy) and after 3 h, 24 h, 4, 6 and 8 weeks of

CLO administration. Some additional measurements

were also taken.

HPLC method

The chromatographic system, from Shimadzu, con-

sisted of a LC-10 AS pump, equipped with a 100 µl

injection loop, and a programmable SPD-10 Av UV-

Vis absorbance detector. Separation was performed by

Waters C 18 precolumns and Waters Symmetry C

18.5 µm, 150 × 4.6 mm analytical columns with a mo-

bile phase consisting of methanol-water-tetrahydrofuran

(100:110:2.5, v/v/v) set at a flow rate of 1.0 ml/min.

The UV detection was set at 252 nm. The retention

time of CORT and 6-�-methylprednisolone (internal

standard, IS), was found to be 8.2 and 13.8 min, re-

spectively. Samples for both CORT and IS were pre-

pared for HPLC analysis using the following extrac-

tion procedure: 500 µl of plasma was mixed with

50 µl of IS (5 �g/ml, 6-�-methylprednisolone in metha-

nol-water 1:1, v/v), 250 µl sodium hydroxide (0.1 M)

and 50 µl of methanol. After addition of 2 ml of

dichloromethane, the samples were shaken 10 min

and frozen. The organic layer was subsequently trans-

ferred into a glass tube and evaporated under a stream

of nitrogen at 45°C. The residue was reconstituted in

500 µl of methanol-water (1:1, v/v). Injection volume

for HPLC analysis was 100 µl. Data recording was

carried out using Chromax-2004 Software.The HPLC

method of CORT determination was validated.

Method of validation

The precision and accuracy of the method were deter-

mined by replicate analyses of serum samples con-

taining different concentrations (low, medium and

high) of CORT. The repeatability (intermediate preci-

sion) was determined by performing analyses of the

concentrations during one day under the same condi-

tions by one operator. The intermediate (day-to-day)

precision was determined by analyzing low, medium

and high concentrations of CORT on different days by

two operators (each of them analyzed one sample of

each concentration on 21 different days).

Calibration curves were prepared from serum

containing CORT in concentrations of 25, 50, 100,

200, 500, and 1000 ng/ml. All samples contained 5 ng

6-�-methylprednisolone.

Statistical analysis

Statistical analysis was accomplished using the SAS

v.9 software. Area under the curve was calculated by
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the trapezoid method. The plasma concentration of

CORT and HDRS scores were analyzed using re-

peated measures MANOVA (multivariate analysis of

variance). To detect differences in initial CORT, we

compared CORT using the Student t-test.

Results

The HPLC method of CORT determination was vali-

dated. The response was linear within the studied

range of 25–1000 ng/ml for CORT. The typical linear

regression equation was: y = 0.008 x + 0.2285 (R2 =

0.9996).

While verifying the repeatability of the HPLC

method for quantification of CORT, coefficients of

variation (CV %) < 15% and intermediate precision < 10%

were obtained. The recovery of the examined analytes

was 98.2%. The limit of quantification (LOQ) was es-

tablished at 12.75 ng/ml. The limit of detection

(LOD) was established at 7.01 ng/ml.

Seventeen subjects with depression and twenty-one

healthy controls were studied. The level of CORT in

the plasma of healthy subjects (the control group, n = 21,

presented in Tab. 1) ranged between 50.11 and 222.47

ng/ml. Mean CORT levels (114.83 ± 50.75 ng/ml)

were in the physiological range [24].

Patient characteristics are presented in Table 2.

Some patients with major depression did not complete

all tests or delayed tests during the trial. As a point of

reference we took assessments at baseline (0 h). Eight

patients with major depression recruited for the study

had a 46% elevation in CORT concentration before

drug administration compared to the established range

[CORT1 (plasma concentration of CORT, patient

no. 1) = 334.18 ng/ml; CORT2 = 416.44 ng/ml;

CORT7 = 291.43 ng/ml; CORT9 = 361.14 ng/ml;

CORT14 = 610.33 ng/ml; CORT15 = 268.31 ng/ml;

CORT16 = 296.44 ng/ml; CORT17 = 334.8 ng/ml].

These patients appeared to have higher mean CORT

levels (n = 8; 364.13 ± 109.65 ng/ml) than controls.

Clinical ratings indicated that these patients were suf-

fering from depression of moderate severity and some

patients had longstanding depression. Most patients

had recurrent depression, with a median of three pre-

vious episodes, and some patients had many prior epi-

sodes. The therapeutic concentration range for CLO

and DCLO was 160–700 ng/ml [18]. After 8 weeks of

treatment, the serum CLO and DCLO level was

within the therapeutic range for 15 patients. Some of

these patients had a subtle reduction in CORT secre-

tion, four of them had a significant reduction after

a 6 week course of CLO, and the rest demonstrated

altered CORT levels. In two patients, CLO was not

within the therapeutic window (patient’s number 2

and 12). One of those patients had a high level of

CORT in the 8th week of antidepressant treatment.

During the trial, 12 patients treated with CLO dem-

onstrated a greater-than-50% reduction in HDRS

scores (recovered depressed subjects), in contrast to

3 non-recovered depressed subjects. Antidepressant

treatment significantly reduced the HDRS scores be-

ginning at the 6th week of treatment in the recovered

depressed subjects group (Tab. 3).

In the non-recovered depressed subjects group, the

area under the curve for CORT level (n = 3, �CORT =
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Plasma no. Age (years) Sex* CORT (ng/ml)

1 67 f 69.38

2 21 f 118.48

3 24 f 110.28

4 21 m 107.50

5 23 f 75.35

6 20 f 51.10

7 22 f 210.06

8 50 f 87.97

9 20 m 61.10

10 19 f 127.14

11 25 m 91.55

12 20 m 50.11

13 31 f 120.97

14 57 f 86.42

15 81 f 135.67

16 72 f 53.80

17 57 f 129.72

18 22 f 222.47

19 23 f 185.02

20 30 f 176.03

21 23 f 141.29

Mean ± SD 34.67 ± 20.07 114.83 ± 50.75
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14982 ng/ml) suggested a tendency of increase com-

pared with recovered subjects (n = 12, �CORT =

12609 ng/ml). In the recovered depressed patients

treated with CLO, the median serum levels of CLO

and DCLO after 8 weeks of therapy were 90.4 and

142.1 ng/ml (n = 12 ), respectively; in non-recovered de-

pressed patients the median serum levels were 107.0 and

186.0 ng/ml (n = 3), respectively. There were no differ-

ences in serum levels of CLO and its metabolite in

groups with different therapeutic outcomes.

Plasma concentration of CORT was significantly

reduced in the recovered depressed subjects who

completed all tests (n = 5, p < 0.046), but only be-

tween 0 h and 6 weeks of CLO treatment (Tab. 4).

The remaining subjects demonstrated altered CORT

levels during the 8 weeks of treatment.
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Type of depression Patient no. Age Sex DMD NH CLO + DCLO HDRS CORT

Baseline Final Baseline Final

UD 1 27 f 0.5 1 44.2 + 164.8 32 4 334.18 198.29

2 33 f 0.5 1 41.6 + 102.7 25 6 416.44 484.66

3 39 f 2 2 77.7 + 229.4 32 10 165.35 483,69

4 46 m 10 5 84.4 + 120.8 25 4 167.97 104.66

5 52 f 3 1 50.9 + 129.7 24 8 108.94 241.85

6 54 f 3 2 85.4 + 187.0 25 10 196.44 162.00

7 56 m 1 3 82.5 + 109.6 35 8 291.43 138.10

8 58 m 1 2 120.0 + 207.3 32 10 192.24 253.41

9 58 f 2 1 148.2 + 167.0 28 6 361.14 83.62

10 60 m 2 1 61.1 + 121.1 25 25 176.12 156.44

11 62 f 30 4 299.0 + 301.0 nd nd 175.98 104.25

12 64 m 2 2 85.6 + 48.5 22 10 169.22 124.44

13 64 f 28 6 78.8 + 134.7 22 8 189.01 58.55

BD 14 67 f 35 12 116.0 + 218.8 23 18 610.33 305.00

15 67 f nd nd 240.1 + 260.3 nd nd 268.31 249.21

16 70 f 13 2 185.4 + 104.0 28 4 296.44 143.53

17 50 f 10 5 143.9 + 218.2 24 19 334.80 346.43
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Time of
clomipramine

treatment

Percent reduction
of HDRS in
recovered

depressed subjects
(n = 12;

mean ± SD)

Percent reduction
of HDRS in

non-recovered
depressed subjects

(n = 3;
mean ± SD)

p-value

0 h 0 0 –

3 h 0 0 –

24 h 0 0 –

2 week 17.58 ± 12.05 5.63 ± 2.36 ns

4 week 35.07 ± 16.29 10.17 ± 7.27 p = 0.0252*

6 week 54.39 ± 15.32 12.89 ± 5.10 p = 0.0006**

8 week 72.57 ± 10.49 13.00 ± 11.34 p < 0.0001***
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Among bipolar patients, the mean CORT level

(377.47 ± 157.61 ng/ml) at time 0 was significantly

(t[15] = 2.428, p < 0.0282, n = 4) increased compared

with unipolar patients (226.50 ± 92.58 ng/ml, n = 13).

No differences in CORT level were demonstrated be-

tween bipolar and unipolar patients following CLO

treatment (data not shown).

Neither subject group had a significantly positive cor-

relation between higher CORT levels and age or sex.

Discussion

In the present study, we found that some patients with

major depression before drug administration had

higher CORT concentrations than the established

standard. These results are in line with previous re-

ports that depression is associated with increased ba-

sal CORT levels [3, 23]. The failure to detect signifi-

cant differences in CORT between patients and con-

trols in several studies is likely due to small sample

sizes [26]. Furthermore, CORT secretion may differ

between individuals, as well as between situations.

Hypercortisolemia may be a predisposing factor lead-

ing to depression [26]. However, the study of

Bremmer et al. [6] suggested that that there are both

hypo- and hypercortisolemic depression. Therefore,

CORT may determine different depression subtypes

requiring different clinical management [6]. The find-

ing of both hypo- and hypercortisolemia in major de-

pression in late life may explain the divergent results

obtained from previous research. Thus, further insight

into the treatment of depression requires studies on

CORT secretion, depending on specific patient char-

acteristics. In addition, the present finding is consis-

tent with the observations of Young et al. [26, 27].

They found higher CORT secretion in only a small

percent (24%) of depressed premenopausal women.

The issue of sex differences in the HPA axis allows in-

sight into understanding endocrine system dysfunc-

tion in depression. Dysregulation of the HPA axis is

a common finding in patients suffering from major

depression. Reports of CORT nonsuppression in re-

sponse to a dexamethasone/CRH test in patients with

major depression suggests primary HPA dysregulation

because of diminished negative feedback of CORT on

the hypothalamic-pituitary system [1, 11, 12]. Abnor-

malities in HPA activity have been also documented

in a meta-analysis [8] analyzing the association be-

tween depressed individuals and CORT responses to,

and recovery from, psychological stressors. Clinically

depressed patients had much higher CORT levels dur-

ing the recovery period (more than 25 min after stres-

sor offset) than non-depressed individuals. Further-

more, depression is manifested by hypersecretion of

ACTH [23]. Young et al. [27] demonstrated central

ACTH and peripheral ACTH-CORT dysregulation

and elevated levels of CRH. In addition, a previous

study found that HPA axis abnormalities may be espe-

cially pronounced in psychotic depressed patients [16].

A significant decrease in CORT secretion was ob-

served in some depressed patients with improved

Hamilton depression scale scores. Thus, this suggests

that administration of antidepressants reduces HPA

hyperactivity [13]. Together, these results suggest that

monitored therapy plays a crucial role in controlling

treatment efficacy. This study is in line with several

recent developments, which all emphasize the role of

CORT in depression. However, it is still uncertain if
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Time of
CLO

treatment

CORT16 CORT2 CORT13 CORT5 CORT3 Mean SD p

0 h 296.44 416.44 189.01 108.94 165.35 235.24 122.02 p < 0.0462

3 h 119.16 259.9 157.15 158.94 71.44 153.32 69.42

24 h 265.56 448.71 239.30 190.19 206.44 270.04 104.05

2 week 251.44 515.74 65.19 96.44 174.83 220.73 180.08

4 week 156.43 476.87 37.84 221.44 167.61 212.04 162.51

6 week 111.44 375.85 60.15 116.17 39.99 140.72 135.45



CORT represents a neurobiological marker or a trait

vulnerability to depression disorder or clinical remis-

sion.

There are some limitations to the present study as

well. The sample size was relatively small and our

conclusions were based only on available CORT data.

Other parameters, such as ACTH and neuroendocrine

abnormalities, which are also implicated as factors in

depression, were not investigated. There is evidence

that ACTH and CORT data should be measured every

10 min for 24 h [15, 26, 27]. This is potentially impor-

tant because the secretion of these hormones depends on

circadian and ultradian periodicity. Together, these re-

sults suggest that further investigation of plasma CORT

concentration may be informative regarding the patho-

physiology and pathogenesis of unipolar depression.

However, more studies are needed on larger patient

samples to allow firm conclusions.
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