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In response to Carvalho LA, Juruena MF, Papadopoulos AS,
Poon L, Kerwin R, Cleare AJ, Pariante CM. Clomipramine
In Vitro Reduces Glucocorticoid Receptor Function in
Healthy Subjects but not in Patients with Major Depression.
Neuropsychopharmacology 2008; 32:3182–3189; advance
online publication, 26 March 2008; doi: 10:1038/npp.2008.44
These authors established that four of four glucocorti-

coids inhibited lipopolysaccharide-stimulated interleukin-6
levels equally in control subjects and in hypercortisolemic
depressed patients. They then concluded that

these findings do suggest glucocorticoid resistance in
depressed patients: the fact that GR [glucocorticoid
receptor] function was ‘normal’ in the face of such a big
difference in plasma CORT [cortisol] in itself suggests
a functional difference between patients and controls.
Indeed, higher levels of CORT y would have been
present in the in vitro milieu of depressed patients y

Actually, the ‘big difference’ is minimal. After a 10-fold dilu-
tion of the samples, mean cortisol concentrations in vitro are
1.56ug/dl (42.9 nmol/l) in patients vs 0.88ug/dl (24.2 nmol/l)
in controls. Any difference in GR signal from these cortisol
levels is negligible, considering the high concentrations of the
tested glucocorticoids in vitro (see below). The data do not
suggest any problem with glucocorticoid feedback signaling
in hypercortisolemic depressed patients. This conclusion is
consistent with a recent in vivo study (Carroll et al, 2007).
The IC50 for dexamethasone in the authors’ whole blood

test system is 60 nM (Rohleder et al, 2001, 2002), whereas
the IC50 for dexamethasone inhibition of interleukin-6
production in isolated cell systems is 2–4 nM (Mulatero
et al, 1997; Yehuda et al, 2004). It is 2–4 nM also against
the GR in vivo (Dallman et al, 1989). Thus, the whole blood
method used by Carvalho et al, 2008 is not a refined assay
of GR sensitivity.
Unlike Rohleder et al (2001, 2002), who developed the

method, the authors did not report adequate dose-response
data and IC50 values. For dexamethasone, they reported

only two concentrations, 10 and 100 nM. For comparison,
the relevant concentrations in the clinical dexamethasone
suppression test (DST) are 0.25–6 nM: above 6 nM the
depression-DST signal is lost (Ritchie et al, 1990). Likewise,
they reported only two cortisol concentrations, 1 and 10 uM
(36 and 360 ug/dl), both far above the IC50 concentration.
Complete dose-response and IC50 data are needed.
The authors stated that clomipramine (CMI) 10 uM

antagonized the glucocorticoid effect in controls but not
in patients. Clomipramine is clinically toxic at 10 uM, and it
is cytotoxic at 40–100 uM (Yasuhara et al, 1985; Ying et al,
2002). In patients, trough plasma CMI concentrations are
0.05–1.0 uM (DUAG, 1999). Tricyclic antidepressant con-
centrations in cerebrospinal fluid are 7–10% of the total
plasma levels (Kragh-Sorensen et al, 1976; Potter et al,
1979). The IC50 for CMI to inhibit norepinephrine and
serotonin uptake by synaptosomes in vitro is 0.1 uM (Koe,
1973). Brain concentrations of tricyclic antidepressants may
reach 5–7 uM (Glotzbach and Preskorn, 1982), but only 10%
of that is free drug (Potter et al, 1979). Thus, 10 uM CMI as
used by Carvalho et al, 2008 is excessive.
These limited data do not indicate impaired GR signal-

ing in depression, and they do not ‘clarify the interaction
between antidepressants and glucocorticoids.’ Those con-
clusions would require IC50 data in patients and control
subjects, and evidence that CMI in clinically relevant
concentrations altered the IC50 of dexamethasone or
cortisol.

REFERENCES

Carroll BJ, Cassidy F, Naftolowitz D, Tatham NE, Wilson WH,
Iranmanesh A et al (2007). Pathophysiology of hypercortisolism
in depression. Acta Psychiatrica Scandinavica 115(Suppl. 433):
90–103.

Carvalho LA, Juruena MF, Papadopoulos AS, Poon L, Kerwin R,
Cleare AJ et al (2008). Clomipramine in vitro reduces gluco-
corticoid receptor function in healthy subjects but not in
patients with major depression. Neuropsychopharmacology 33:
3182–3189; advance online publication, 26 March 2008.

Dallman MF, Levin N, Cascio CS, Akana SF, Jacobson L, Kuhn RW
(1989). Pharmacological evidence that the inhibition of diurnal

*Correspondence: Dr BJ Carroll, Pacific Behavioral Research
Foundation, 100 Del Mesa Carmel, Carmel, CA 93923-7950, USA,
Tel: + 1 831 626 1467, Fax: + 1 831 626 6963,
E-mail: bcarroll@redshift.com

Neuropsychopharmacology (2009) 34, 2192–2193
& 2009 Nature Publishing Group All rights reserved 0893-133X/09 $32.00

www.neuropsychopharmacology.org

http://dx.doi.org/10.1038/npp.2009.42
mailto:bcarroll@redshift.com
http://www.neuropsychopharmacology.org


adrenocorticotropin secretion by corticosteroids is mediated via
type 1 corticosterone-preferring receptors. Endocrinology 124:
2844–2850.

DUAG (Danish University Antidepressant Group) (1999).
Clomipramine dose-effect study in patients with depression:
clinical end-points and pharmacokinetics. Clin Pharmacol Ther
66: 152–165.

Glotzbach RK, Preskorn SH (1982). Brain concentrations of tricyclic
antidepressants: single-dose kinetics and relationship to plasma
concentrations in chronically dosed rats. Psychopharmacology 78:
25–27.

Koe BK (1973). Molecular geometry of inhibitors of the uptake of
catecholamines and serotonin in synaptosomal preparations of
rat brain. J Pharmacol Exp Ther 199: 649–661.

Kragh-Sorensen P, Hansen CE, Baastrup PC, Hvidberg EF (1976).
Self-inhibiting action of nortriptylin’s antidepressive effect at
high plasma levels. Psychopharmacologia 45: 305–312.

Mulatero P, Panarelli M, Schiavone D, Rossi A, Mengozzi A,
Kenyon CJ et al (1997). Impaired cortisol binding to gluco-
corticoid receptors in hypertensive patients. Hypertension 30:
1274–1278.

Potter WZ, Muscettola G, Goodwin FK (1979). Binding
of imipramine to plasma protein and to brain tissue:

relationship to CSF tricyclic levels in man. Psychopharmacology
63: 187–192.

Ritchie JC, Belkin BM, Krishnan KRR, Nemeroff CB, Carroll BJ
(1990). Plasma dexamethasone concentrations and the dexa-
methasone suppression test. Biol Psychiatry 27: 159–173.

Rohleder N, Kudielka BM, Hellhammer DH, Wolf JM, Kirschbaum C
(2002). Age and sex steroid-related changes in glucocorticoid
sensitivity of proinflammatory cytokine production after psycho-
social stress. J Neuroimmunol 126: 69–77.

Rohleder N, Schommer NC, Hellhammer DH, Engel R, Kirschbaum C
(2001). Sex differences in glucocorticoid sensitivity of proinflam-
matory cytokine production after psychosocial stress. Psychosom
Med 63: 966–972.

Yasuhara H, Tonooka M, Kamei K, Sakamoto K (1985). Membrane
effects of various drugs on isolated rat hepatocytes and erythro-
cytes. Toxicol Appl Pharmacol 79: 453–460.

Yehuda R, Golier JA, Yang RK, Tischler L (2004). Enhanced
sensitivity to glucocorticoids in peripheral mononuclear leu-
kocytes in posttraumatic stress disorder. Biol Psychiatry 55:
1110–1116.

Ying G, Karlsson H, DePierre JW, Nassberger L (2002). Tricyclic
antidepressants prevent the differentiation of monocytes into
macrophage-like cells in vitro. Cell Biol Toxicol 18: 425–437.

Letter to the Editor

2193

Neuropsychopharmacology


	Clomipramine and Glucocorticoid Receptor Function
	References




