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Objective Evidence that pindolol accelerates the action of antidepressants has been contradictory, and it is not clear why.
The present study analyses the relationship between plasma prolactin (PRL) and ACTH levels and changes in relation to a
milnacipran and pindolol combination versus milnacipran plus placebo.
Method Eighty depressed patients agreed to take part in a double-blind randomized trial of milnacipran plus pindolol or
placebo. Fifty-eight of them agreed to also take measures of ACTH and PRL levels. ACTH and PRL plasma levels were
estimated on days 0 and 42 of the 6-week study. Age, gender and time of blood collection were recorded for each individual.
The Montgomery–Åsberg depression rating scale (MADRS) was used to measure the response to treatment. The patients
were grouped into those with higher versus lower basal ACTH levels using the median of the sample (25 ng/l).
Results There were statistical differences in MADRS scores between the treatment groups on day 42. There were correla-
tions between PRL levels on days 0 and 42; age and PRL levels on day 0; time of the PRL sample and the PRL levels on day
0 and day 42; ACTH and PRL levels on day 42. Regression analysis of the 58 patients showed that on day 0, PRL levels were
dependent on the ACTH plasma levels on day 0, the time of the collection of the blood sample and the age. On day 42, the
PRL levels were dependent on the ACTH levels and the time of the blood collection but not on the age. Patients with lower
baseline ACTH levels on day 0 displayed a better clinical outcome when taking the combination of milnacipran and pindolol
as shown in the differences in MADRS on day 42. The same group of patients showed lower PRL levels on day 42.
Conclusions ACTH plasma levels at baseline or screening may help to predict the response to antidepressant treatment.
Copyright # 2003 John Wiley & Sons, Ltd.

INTRODUCTION

Milnacipran is a serotonin and noradrenaline receptor
blocker. Pindolol is a 5HT1A and beta-adrenergic
blocker with intrinsic activity. The combination in
animals has been shown to increase the release of both
serotonin and noradrenaline (Briley and Montgomery,
1998).

Pindolol can accelerate the onset of antidepressant
action in some patients (Maes et al., 1996; Tome et al.,
1997a and b; Perez et al., 1997; Bordet et al., 1998;
Zanardi et al., 1998); but not in others (Berman
et al., 1997). The action has been postulated to work
through the blockade of the 5HT1A autoreceptor at the
pre-synaptic somatodendritic terminal (Blier et al.,
1990; Blier and de Montigny, 1994; Artigas, 1993;
Hjorth and Auerbach, 1994; Artigas et al., 1996).
Why some patients respond to pindolol has been
debated elsewhere (Tome et al., 1997a and b; Isaac
and Tome, 1997; Moreno et al., 1997; Zanardi et al.,
1997; Hirani et al., 1999; Gunn et al., 1998; Martinez
et al., 2000; Rabiner et al., 2000). Temperament and
character have been implicated (Tome et al., 1997a
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and b), and it seems that pindolol augmentation
does not improve the response to SSRI in resistant
depression (Perez et al., 1999; Perez et al., 2001).
However, a rapid response to the combination has
been maintained for up to a year (Tome and Isaac,
1998).

Pindolol is also a beta-adrenergic blocker. Unlike
other beta-adrenergic blockers, pindolol used in the
long term has not been shown to cause depression
(Rasanen et al., 1999).

Pindolol probably also behaves as a partial agonist
at the 5HT1A receptor (Newman-Tancredi et al., 1998)
and decreases PRL levels in healthy humans (Meltzer
and Maes, 1994).

The 5HT1A receptor, among other things, controls
the secretion of adrenocorticotrophic hormone
(ACTH) (Pan and Gilbert, 1992) and prolactin (PRL).

The augmentation of antidepressants with dexa-
methasone and pindolol to severely depressed patients
has been shown to accelerate the response to antide-
pressants in open label studies (e.g. Tome et al.,
1998).

Goldstein et al. (2000) could not show statistical
differences in plasma ACTH levels between normal
and depressed patients and found no diurnal variation
in the plasma levels of ACTH. However, although the
ACTH levels in depressed people are in the normal
range, they are higher than expected considering the
degree of hypercortisolism usually described in mel-
ancholic depression (Wong et al., 2000). Gold and
Chrousos (2002) described the opposite in atypical
depression.

Stress during childhood has been shown to alter the
function of the hypothalamico–pituitary–adrenal axis
(HPA) (Kaufman et al., 2000; Gold et al., 2000; Heim
and Nemeroff, 2001). High ACTH levels have also
been found in depressed females abused during child-
hood (Heim et al., 2001).

A double-blind, randomized, placebo controlled
study of milnacipran and pindolol versus milnacipran
and placebo was undertaken. As far as we know, this is
the first double blind randomized study that has
explored a direct impact of the combination on the
brain, as reflected in PRL and ACTH levels, Rabiner
et al. (2000) having suggested in a small scale ima-
ging study that pindolol in the doses used in our and
other studies (2.5 mg three times a day) did not exert a
significant effect on brain targets.

This paper explores the following interrelated ques-
tions: (1) Is there a relationship between ACTH and
PRL in this depressed population? (2) Do levels of
ACTH and PRL have any predictive significance for
the antidepressant response to milnacipran alone or

milnacipran with pindolol? This question has not been
examined in pindolol systems before.

METHODS AND MATERIALS

The efficacy of pindolol (2.5 mg three times a day
(tds)) and milnacipran (50 mg twice a day (bd)) versus
milnacipran (50 mg bd) and placebo (tds) was
assessed in major depression in a randomized, dou-
ble-blind parallel group, placebo controlled trial.
The study period was 6 weeks and the study had been
approved by our local Research Ethics Committee.
Patients who fulfilled the DSM-IV criteria for major
depression who also scored more than 18 in the Mon-
tgomery–Åsberg depression rating scale (MADRS:
Montgomery and Åsberg, 1979) were invited to take
part. Written informed consent was obtained from
each patient. A total of 58 out of 80 randomized
patients agreed to provide blood samples for ACTH,
PRL, urea and electrolytes, liver function, full blood
count and random glucose at days 0 and 42 of the
study. Treatment efficacy was measured on days 0,
7, 14 and 42. Females were not pregnant as confirmed
by a urine pregnancy test at baseline. The full details
of the main study are reported in Isaac et al. (in press).

The clinical characteristics of the patients are sum-
marized in Table 1.

Immunoassay procedures

The pathology laboratory at University Hospital
Lewisham collected the bloods and measured PRL
levels. The laboratory was blind to the patients’
response to medication. The PRL levels at Lewisham
were measured using the Advia Centaur Radioimmu-
noassay (Bayer). The assay employs paramagnetic
particles, with two antibodies, one linked to the

Table 1. Clinical characteristics of patients by treatment group

Milnacipranþ pindolol Milnacipranþ placebo
(n¼ 30) (n¼ 28)

Male/female 13/17 15/13
Age (mean� SD) 32.87� 8.39 32.14� 9.62
MADRS day 0 31.50� 5.98 32.68� 5.59
MADRS day 7 26.7� 68.36 27.1� 5.65
MADRS day 14 19.13� 11.49 24.5� 37.61
MADRS day 42 12.29� 6.87 20.08� 11.08a

ACTH day 0 (ng/l) 31.83� 25.87 29.40� 18.20
ACTH day 42 (ng/l) 29.40� 18.2 29.73� 14.85
PRL day 0 (mU/l) 176.07� 82.57 158.04� 50.49
PRL day 42 (mU/l) 153.43� 69.29 185.07� 84.89

aOne-way ANOVA shows statistical differences between MADRS
scores at day 42. (F¼ 9.797; p< 0.0003).
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paramagnetic particles, the other to aphrodinium
esters. The Nichols Advantage Chemiluminescence
Immunoassay for quantitative determination of ACTH
levels in human EDTA plasma took place at St
Thomas Hospital, London.

RESULTS

Total patient population (n¼ 58)

Fifty-eight patients agreed to give blood for ACTH on
day 0. There was a clinical improvement following
treatment with milnacipran and pindolol (Table 1).
One-way ANOVA revealed statistically significant
differences in the MADRS scores but not in the ACTH
or PRL levels on day 42, compared with day 0.

The relationship between the blood levels of PRL
and ACTH, the time of blood collection, the patient’s
age and MADRS scores were examined by correlation
analysis. The results are shown in Table 2.

There were correlations between the PRL levels on
day 0 and prolactin on day 42, the age and the time of
blood collection. The correlations were significant at
the 0.05 level (two-tailed).

The PRL levels on day 42 correlated with the time
the blood was collected, and the correlation was sig-
nificant at the 0.01 level (two-tailed). The PRL blood
levels on day 42 correlated with ACTH on day 42 (sig-
nificant at 0.05).

There were no correlations between MADRS
scores and PRL or ACTH levels on any day.

Regression analysis

On days 0 and 42 the PRL levels were dependent
on the ACTH levels, the time at which the
sample was collected and the age of the patients.
The results of regression analysis are shown in
Tables 3 and 4. The two regressions were significant
at p< 0.001. ACTH plasma blood levels as predictors of response

The population was divided according to the median of
the ACTH levels on day 0 (25 ng/l). It was hypothe-
sized that the ACTH levels would predict the response
to the combination of milnacipran and pindolol.
Tables 5 and 6 show the clinical characteristics of
patients by MADRS, sex, age, ACTH and plasma
PRL levels.

Patients with ACTH plasma levels on day 0
of 25 ng/l (n¼ 31)

Table 5 shows the clinical characteristics of patients
with ACTH plasma levels of 25 ng/l.

Table 2. Pearson correlation analysis for all patients

Pearson correlation p (two-tailed) n

PRL 0–PRL42 0.439 0.012a 32
PRL 0-age �0.423 0.001b 55
PRL 0-time 0 �0.280 0.040a 54
PRL 42-time 42 �0.443 0.007b 36
PRL 42-ACTH 42 0.392 0.022a 34

aCorrelation is significant at the 0.05 level (two-tailed).
bCorrelation is significant at the 0.01 level (two-tailed).
ACTH 42¼ACTH plasma levels at day 42; PRL 0¼ PRL at day 0;
PRL 42¼PRL at day 42; time 0¼ time of blood collection at day 0;
time 42¼ time of blood collection at day 42.

Table 3. Regression analysis: prolactin levels on day 0

B SE T p

Constant 370.64 62.39 5.94 0.000
ACTH 0 0.875 0.368 2.38 0.021
Time 0 �9.74 4.25 �2.28 0.026
Age �3.16 0.89 �3.55 0.001

n¼ 54; R¼ 0.564; R2¼ 0.318; df¼ 3,50; p< 0.000; F¼ 7.761.
ACTH 0¼ACTH plasma levels at day 0; time 0¼ time of blood
collection at day 0.

Table 4. Regression analysis: prolactin levels at day 42

B SE T p

Constant 510.33 93.55 5.45 0.000
ACTH 42 1.28 0.63 2.03 0.051
Time 42 �18.89 5.11 �3.69 0.001
Age �3.95 1.16 �3.38 0.002

n¼ 34; R¼ 0.700; R2¼ 0.490; df¼ 3,30; p< 0.000; F¼ 9.606.
ACTH 42¼ACTH plasma levels at day 42; time 42¼ time of blood
collection at day 42.

Table 5. Clinical characteristics of patients with ACTH plasma
levels lower or equal to 25 ng/l at day 0

Milnacipranþ pindolol Milnacipranþ placebo
(n¼ 16) (n¼ 15)

Male/female 6/10 5/10
Age (mean� SD) 33� 9.11 31.4� 10.45
MADRS day 0 32.94� 5.51 n¼ 16 33.87� 4.02 n¼ 15
MADRS day 7 27.45� 9.73 28.92� 5.4
MADRS day 14 18.73� 11.18 25.7� 7.56
MADRS day 42 11.94� 7.33 n¼ 16 23� 11.61a n¼ 14
ACTH 0 (ng/l) 17.06� 5.13 17.27� 5.96
ACTH 42 (ng/l) 16.56� 6.13 n¼ 9 19.86� 5.98 n¼ 7
PRL 0 (mU/l) 154.63� 54.07 n¼ 16 161.54� 50.80 n¼ 13
PRL 42 (mU/l) 121.44� 28.70 n¼ 9 166.86� 53.97b n¼ 7

aOne way ANOVA shows statistical differences between MADRS
scores at day 42. (F¼ 9.998; p< 0.004) and bprolactin levels at day
42 (F¼ 4.723; p< 0.047).
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One-way ANOVA showed statistical differences
between the MADRS scores on day 42. (F¼ 9.998;
p< 0.004) and prolactin levels on day 42 (F¼
4.723; p< 0.047).

Patients with ACTH plasma levels on day 0
of > 25 ng/l (n¼ 27)

No significant differences were observed between any
variable and the treatment group to which the patient
had been assigned in the patients with ACTH levels
of > 25 ng/l (Table 6).

Patients whose MADRS scores decreased by 50%
on day 42 (n¼ 29)

For patients in whom MADRS had decreased by 50%
on day 42 there was a correlation between the PRL
and ACTH levels and ACTH 0 and ACTH 42. The
time at which the blood was collected was correlated
with the plasma PRL levels on day 0. Age was impor-
tant only on day 0. The results are shown in Table 7.

These correlations were not observed in the patients
in whom the MADRS scores had not decreased by
50% on day 42.

DISCUSSION

Pindolol augmentation of the antidepressant resulted
in a better response than that of the antidepressant
alone. However, patients with a lower basal ACTH
had a better clinical outcome. They also showed
decreased PRL levels after treatment with the combi-
nation. It is suggested that these patients suffer from
atypical depression.

Pindolol decreased the PRL levels in healthy male
volunteers (Meltzer and Maes, 1996). In our study of
depressed patients, only the group with lower baseline
ACTH levels showed that response. The same group
showed differences between pindolol and placebo
augmentation.

The group in the placebo arm did less well with the
antidepressant alone. They achieved a mean MADRS
of 23 at 6 weeks. In these patients, PRL levels did not
decrease compared with the patients receiving the
combination. However, the group with the higher
starting ACTH levels did not show differences
between the treatment groups or PRL levels.

These observed differences in PRL levels following
6 weeks’ treatment with pindolol and milnacipran run
counter to the claims of Rabiner et al. (2000), perhaps
because the sensitivity of an imaging study depends
on having a molecule with good affinity for 5HT1A

receptors (Gunn et al., 1998), Moreover, PRL is pro-
duced and regulated only in the brain, so that statisti-
cal differences in PRL levels between groups imply a
direct effect on the brain.

Our results are compatible with the suggestion of
Perez et al. (2001) that the 5HT1A receptors appear
to be sensitive to the chronicity of the illness.

According to Blier et al. (2002), the availability of
serotonin may be another factor in PRL regulation.
They showed that buspirone (a 5HT1A partial agonist)
increased PRL in healthy volunteers given a trypto-
phan depletion diet, leading us to postulate that the
decrease in PRL levels observed in our patients
occurred in response to pindolol acting as an antago-
nist at the 5HT1A receptor.

The majority of previous studies have suggested that
the release of ACTH after the systemic administration
of a 5HT1A agonist is probably mediated by the post-
synaptic 5HT1A receptor (Van de Kar et al., 1985; Pan
and Gilbert, 1992). ACTH levels were not affected by
pindolol in our study, in keeping with this view.

The lack of difference in the ACTH levels between
the groups was unexpected, because other observers
(Beique et al., 2000) had suggested that pindolol
(2.5 mg three times a day) in combination with an
SNRI acts at the postsynaptic receptor.

Table 6. Clinical characteristics of patients with plasma levels of
ACTH higher than 25 ng/l at day 0

Milnacipranþ pindolol Milnacipranþ placebo
(n¼ 14) (n¼ 13)

Male/female 7/7 10/3
Age (mean�SD) 32.71� 7.82 33� 8.91
MADRS day 0 29.86� 6.26 n¼ 14 31.31� 6.91 n¼ 13
MADRS day 7 26.00� 6.99 24.67� 5.29
MADRS day 14 20.00� 13.47 23.22� 7.90
MADRS day 42 12.75� 6.48 n¼ 12 16.67� 9.81 n¼ 12
ACTH 0 (ng/l) 48.71� 29.79 44� 14.72
ACTH 42 (ng/l) 39.91� 18.15 n¼ 11 38.38� 15.09 n¼ 8
PRL 0 (mU/l) 207.27� 107.39 n¼ 11 154.54� 52.00 n¼ 13
PRL 42 (mU/l) 177.42� 81.64 n¼ 8 201� 106.28 n¼ 12

Table 7. Pearson correlation results for patients with MADRS
decrease by 50% on day 42

Pearson correlation p (two-tailed) n

PRL 0–PRL 42 0.551 0.018a 18
PRL 0-age �0.438 0.018a 29
PRL 42-time 42 �0.464 0.030a 22
PRL 42-ACTH 42 0.610 0.003b 21
ACTH 0-ACTH 42 0.776 0.000b 20

aCorrelation is significant at the 0.05 level (two-tailed).
bCorrelation is significant at the 0.01 level (two-tailed).
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Of interest, however, were the differences in the
PRL response of the group with low baseline ACTH
levels. Of course, this could be a type I statistical error
predicated on a comparatively small study population.
However, our population size compares favourably
with many other neuroendocrine studies in the litera-
ture, in which the populations were generally much
smaller than ours.

Patients with resistant depression had higher than
expected ACTH levels (Holsboer, 2000; Wong et al.,
2000). An altered HPA response to challenge tests has
also been shown in adult survivors of childhood abuse
(Heim et al., 2001; Heim and Nemeroff, 2001).

Those of our patients with higher baseline ACTH
levels showed a response close to that of healthy
volunteers because both of the treatment groups
showed a good response to treatment. However, the
group with the lower ACTH showed only a partial
response to milnacipran. These observations go some
way to explaining the observed statistical differences
in the PRL levels on day 42 by treatment group.

It is possible (but unlikely, given that the patients
with the higher ACTH did not replicate the phenom-
enon) that the decrease in PRL levels may be an
anxiolytic effect of pindolol so that the patients were
less anxious at the time of the blood sample.

It was observed that in patients treated with risper-
idone, the increase in PRL levels was not attenuated
by the augmentation with pindolol (unpublished
observation). In these patients the block of the dopa-
mine system probably mediated the increase in PRL.
Also, by analogy, it is well known that the response to
dexamethasone challenge is normal when the patient
recovers from a depressive episode (APA, 1987;
Holsboer, 2000; Bhagwagar et al., 2002).

To explore this question further, we analysed the
patients who responded to treatment (patients with
MADRS decrease by 50%) on day 42. There were cor-
relations in the levels of ACTH and PRL on day 42,
but not in the patients who did not achieve this
decrease of MADRS. In essence, the treatment was
regarded as having failed in this group. The correla-
tion between PRL and ACTH levels was a good indi-
cator of response.

That the PRL levels appear to depend on ACTH
levels is a new finding, although not a surprise. The
time of blood collection and the patient’s age (but
not gender, as suggested by Delgado et al., 1990) are
important. Higher ACTH levels would mean higher
PRL levels in this group. The time of the collection
of PRL was more statistically significant on day 42.
This may be because patients were taking the study
medication on day 42 but not, of course, on day 0.

Our patients suffered from major depression and it
is difficult to know if the antidepressant and pindolol
response will be replicated in healthy non-depressed
humans.

Milnacipran is a serotonin and adrenaline transpor-
ter reuptake inhibitor. In the case of patients with low
ACTH, the differences in PRL levels on day 42 and
the failure to respond to treatment require further
investigation.

Our results may help to clarify which patients
respond better to the combination of an SNRI and pin-
dolol. There is no need to measure PRL levels sequen-
tially, because ACTH levels, the age and the time at
which the sample is taken can predict them. It is sug-
gested, therefore, that PRL and ACTH levels be
included as criteria in routine screening and selection
of subjects being considered for studies of the
response to antidepressants.

REFERENCES

American Psychiatric Association. 1987. The dexamethasone sup-
pression test: an overview of its current status in psychiatry.
The APA Task Force on Laboratory Tests in Psychiatry. Am J
Psychiatry 144: 1253–1262.

Artigas F. 1993. 5-HT and antidepressants: new views from micro-
dialysis studies. Trends Pharmacol Sci 14: 262.

Artigas F, Romero L, de Monotony C, Blier P. 1996. Acceleration
of the effect of selected antidepressant drugs in major depression
by 5-5HT1A antagonists. Trends Neurosci 19: 378–383.

Beique JC, Blier P, de Montigny C, et al. 2000. Potentiation by (� )
pindolol of the activation of postsynaptic 5-HT(1A) receptors
induced by venlafaxine. Neuropsychopharmacology 23: 294–
306.

Berman RM, Darnell AM, Miller HL, Anand A, Charney DS. 1997.
Effect of pindolol in hastening response to fluoxetine in the treat-
ment of major depression: a double-blind placebo-controlled
trial. Am J Psychiatry 154: 37–43.

Bhagwagar Z, Whale R, Cowen PJ. 2002. State and trait abnormal-
ities in serotonin function in major depression. Br J Psychiatry
180: 24–28.

Blier P, de Montigny C. 1994. Current advances and trends in the
treatment of depression. Trends Pharmacol Sci 15: 220–226.

Blier P, de Montigny C, Chaput Y. 1990. Modifications of the ser-
otonergic system by antidepressant treatments implications for
the therapeutic response in major depression. J Clin Psychophar-
macol 7: 245–355.

Blier P, Seletti B, Gibert F, Young SN, Benkelfat C. 2002. Serotonin
1a receptor activation and hypothermia in humans: lack of evi-
dence for a presynaptic mediation. Neuropsychopharmacology
27: 301–308.

Bordet R, Thomas P, Dupuis B, et al. 1998. Effect of pindolol on
onset of action of paroxetine in the treatment of major depres-
sion: intermediate analysis of a double blind, placebo controlled
trial. Am J Psychiatry 155: 1346–1351.

Briley M, Montgomery S. 1998. Antidepressant Therapy at the
Dawn of the Third Millennium. Martin Dunitz: London.

Delgado PL, Charney DS, Price LH, Landis H, Heninger GR. 1990.
Neuroendocrine and behavioural effects of dietary tryptophan
restriction in healthy subjects. Life Sci 45: 2323–2332.

milnacipran and pindolol on plasma prl and acth 573

Copyright # 2003 John Wiley & Sons, Ltd. Hum Psychopharmacol Clin Exp 2003; 18: 569–574.



Gold PW, Chrousos GP. 2002. Organisation of the stress system and
its dysregulation in melancholic and atypical depression: high vs.
low CRH/NE states. Mol Psychiatry 7: 254–275.

Gold PW, Drevets WC, Charney DS. 2000. New insight into the role
of cortisol and the glucocorticoid receptor in severe depression.
Biol Psychiatry 52: 381–385.

Goldstein G, Fava M, Culler M, et al. 2000. Elevated plasma thy-
mopitein associated with therapeutic nonresponsivess in major
depression. Biol Psychiatry 48: 65–69.

Gunn R, Sargent P, Bench C, et al. 1998. Tracer kinetic modelling
of the 5HT1A receptor ligand [carbonyl-11C] WAY-100635 for
PET. Neuroimaging 8: 426–440.

Heim C, Nemeroff CB. 2001. The role of childhood trauma in the
neurobiology of mood and anxiety disorders: preclinical and
clinical studies. Biol Psychiatry 49: 1023–1039.

Heim C, Newport J, Bonsalt R, Miller AH, Nemeroff CB. 2001.
Altered pituitary–adrenal axis response to provocative challenge
test in adult survivors of childhood abuse. Am J Psychiatry 158:
575–581

Hirani E, Opacka-Juffry J, Gunn R, Khan I, Sharp T, Hume S. 2000.
Pindolol occupancy of 5HT1A receptors measured in vivo using
small animal positron emission tomography with carbon-11
labelled WAY 100635. Synapse.

Hjorth S, Auerbach SB. 1994. Further evidence for the importance
of 5HT1A autoreceptors in the action of selective serotonin reup-
take inhibitors. Eur J Pharmacol 260: 251–255.

Holsboer F. 2000. The corticosteroid receptor hypothesis of depres-
sion. Neuropsychopharmacology 23: 477–501.

Isaac MT, Tome MB. 1997. Selective serotonin reuptake inhibitors
plus pindolol. Lancet 350: 288–289.

Kaufman J, Plostky PM, Nemeroff CB, Charney DS. 2000. Effects
of early adverse experiences on brain structure and function: clin-
ical implications. Biol Psychiatry 48: 778–790.

Maes M, Meltzer HY. 1995. The serotonin hypothesis of major
depression. In Psychopharmacology: The Fourth Generation of
Progress, Bloom FE, Kudfer DJ (eds). Raven Press: New York.

Maes M, Vandoolaeghe E, Desnyder R. 1996. Efficacy of treatment
with trazodone in combination with pindolol or fluoxetine in
major depression. J Affect Disord 41: 201–210.

Martinez D, Broft A, Laurelle M. 2000. Pindolol augmentation of
antidepressant treatment: recent contributions from brain ima-
ging studies. Biol Psychiatry 48: 844–853.

Meltzer HY, Maes M. 1994. Effects of buspirone on cortisol and
prolactin secretion in major depression. Biol Psychiatry 35:
316–323.

Meltzer HY, Maes M. 1996. Effect of pindolol on hormone secretion
and body temperature: partial agonist effects. J Neural Transm
103: 77–88.
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