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■ Abstract The prolactin (PRL) increases in plasma,
induced by the electrical stimulus during electroconvul-
sive therapy (ECT), is a consistent finding that can be
studied in order to obtain information about its actions
on the brain neurotransmitter systems, the most proba-
ble candidates being the serotonergic and the dopamin-
ergic system. Central serotonergic and dopaminergic
responsivity may also be assessed using neuroendocrine
challenge tests. In this study, we measured the PRL re-
sponses during the first ECT of a therapeutic course in
15 male depressive patients, of mean age 49.2 ± 14.5
(range 22 to 68 years), and score in the HDRS of 29 ± 8
(range 18 to 43 points). Before the ECT course, we as-
sessed the central serotonergic and dopaminergic re-
sponsivities, by measuring the PRL responses to the ad-
ministration of the serotonin uptake inhibitor
clomipramine (CMI) intravenously, and, two days later,
the PRL responses dopamine receptor blocker haloperi-
dol (HAL), administered intramuscularly. The CMI and
HAL tests were also performed in 15 healthy male sub-
jects. The PRL responses to CMI of the patients were
blunted compared to healthy controls, while the PRL re-
sponses to HAL were not significantly different from
controls. Searching for correlations among the maximal
PRL responses to the three stimuli in the patient’s group,
we found that the PRL responses to ECT were signifi-
cantly correlated to the PRL responses to i. m. HAL
(r = 0.8205, N = 15, p < 0.001) and not to the PRL re-
sponses to i. v. CMI (r = 0.1713, n. s.). It is suggested that
the rises in PRL during ECT reflect the responsivity of
the hypothalamus-pituitary dopaminergic system, and
seem to be the result of a transient decrease in the in-

hibitory dopaminergic input of the hypothalamus to the
pituitary lactotrophs, caused by the electrical stimulus
and the subsequent seizure.

■ Key words depression · electroconvulsive therapy ·
clomipramine · haloperidol · prolactin

Introduction

The increases in plasma prolactin (PRL) during electro-
convulsive therapy (ECT), as a reflection of cerebral
stimulation, have been much studied with the prospec-
tive to obtain information about its neurobiological
mode of action, especially on neurotransmitter systems
that may be involved, the most probable candidates be-
ing serotonin and dopamine. In this respect, pretreat-
ment with various drugs has been used in a series of
studies, in attempts to influence the prolactin increases
induced by ECT. Pharmacological probes that have been
found not to affect the prolactin release by ECT, include
the non-specific 5-HT2 serotonin receptor antagonists
ketanserin [27], the more specific 5-HT2 receptor antag-
onist ritanserin [22], the 5-HT3 receptor antagonist on-
dansetron [26], the selective 5-HT1D receptor agonist
sumatriptan [17],while the effects of pindolol,a 5-HT1A
receptor antagonist, are inconclusive [28, 23]. ECT
course did not change the hypothermic, growth hor-
mone,and cortisol responses to the 5-HT1A receptor ag-
onist ipsapirone [25], indicating that ECT may not act by
inducing an increased sensitivity of these receptors, as it
had been suggested by previous studies. Serotonin me-
diated neuroendocrine function seems not to change af-
ter a therapeutic ECT course in depressed patients, as
measured by the prolactin responses to the serotonergic
agent fenfluramine [14, 15], although enhanced respon-
sivity has been reported in one study [24].

An attenuation of the prolactin response to ECT was
found after pretreatment with the nonselective sero-
tonin antagonist methysergide [21],a drug that also pos-
sesses dopamine receptor agonistic activity as well.A to-
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tal blockade of the prolactin increases by ECT has been
reported by Zis et al. [29] when the dopamine receptor
antagonist metoclopramide, which is also a 5-HT3 re-
ceptor antagonist, was given intravenously 30 min be-
fore ECT in five patients. The drug causes a substantial
elevation of plasma PRL to a mean of 196 ng/ml, and the
application of the electrical stimulus did not cause any
further increases. The authors conclude that seizure-in-
duced PRL increases occur only when some degree of
dopaminergic inhibitory tone on the pituitary lac-
totroph is operative.

Increases in the concentrations of the dopamine
main metabolite homovanillic acid (HVA) but not of the
serotonin or noradrenaline metabolites, 5-hydroxyin-
doleacetic acid (5-HIAA) and methoxyhydroxyphenyl-
glycol (MHPG), respectively, have been found in CSF
samples taken one day after the first ECT, compared to
samples taken one day before ECT [5]. The increases
were not present in samples taken one day after the final
ECT of the course.

Most animal studies suggest that repeated electro-
convulsive shock enhances dopaminergic activity, while
the results in humans are inconclusive. Costain et al. [6]
reported significant increases in the growth hormone
response to dopamine agonist apomorphine after an
ECT course in 15 depressed patients, while Christie et al.
[4] found the responses unaltered. Similarly, the pro-
lactin responses to ECT were not modified after an ECT
course in fifteen female depressed patients, and their
magnitude was not related to the therapeutic effect [13].
The prolactin release by ECT can be caused just by a
transient increase in serotonergic activity,and/or a tran-
sient inhibition of dopaminergic input in the hypothal-
amus-pituitary axis.

Neuroendocrine challenge tests have been widely
used to assess the responsivity of central dopaminergic
and serotonergic receptors. Dopaminergic receptor re-
sponsivity can be assessed by measuring the increases in
plasma prolactin caused by administration of dopamine
receptor blockers, like haloperidol [10, 16]. Administra-
tion of clomipramine,a drug that enhances serotonergic
activity by inhibiting 5-HT reuptake, causes increases in
plasma prolactin and cortisol, and has been used as a
probe to study the responsivity of central serotonin re-
ceptors [11, 9, 1]. When administered intravenously, it
acts mainly on the 5-HT system, since the production of
its demethylated metabolite, which has noradrenaline
uptake inhibiting properties, is avoided [8].

Clomipramine infusion can cause gastrointestinal
discomfort for a short period of time at the end of the
infusion, mainly nausea and possibly emesis. These un-
pleasant effects have been considered as non-specific
stress that may influence hormonal responses,especially
growth hormone response [8]. In a previous study [2],
we have evaluated the influence of these side effects,
and found no association of nausea or emesis to the
growth hormone responses to the infusion of 25 mg
clomipramine. Similar results for the same clomi-
pramine dose had been reported by Laakmann et al.

[11]. It seems that nausea is related to an enhanced sero-
tonin action on 5-HT3 receptors which are not involved
in the hormone responses, since pretreatment with the
selective 5-HT3 receptor antagonist ondansetron re-
duces nausea without affecting the prolactin responses
to clomipramine infusion [12].

In this study, we assessed the prolactin responses to
the serotonergic agent clomipramine, and to the
dopaminergic agent haloperidol, in a group of patients
with depression referred for ECT before the beginning
of the ECT course, and searched for correlations to the
prolactin responses measured during the first ECT.

Subjects and methods

Fifteen male patients were studied. They were hospitalized during a
major depressive episode in the Athens University Medical School
Psychiatric Clinic, Eginition Hospital, and referred for ECT as the
clinically indicated treatment. Diagnoses were established on the ba-
sis of Structured Clinical Interview for DSM-IV Axis I Disorders
(SCID-IV). All patients met DSM-IV criteria for major depressive
episode with melancholic features. Nine patients fulfilled criteria for
major depressive disorder, and six for bipolar I disorder, while seven
patients had psychotic features. After hospitalization, all patients
were kept drug-free for one week before entering the study, with the
exception of 2 mg lorazepam, given at bed time. The severity of de-
pression was evaluated using the Hamilton Depression Rating Scale
(HDRS).

The majority of the patients had been treated during the present
episode with two different regiments of antidepressants (hetero-
cyclic, SSRI, SNRI) in monotherapy, with poor or no response. Three
patients showed psychomotor retardation and/or suicide attempt at
the current episode, and one patient had responded only to ECT in
two previous depressive episodes.

Fifteen healthy male control subjects, not taking any drugs, were
recruited from hospital staff for the clomipramine and haloperidol
tests. Two of them refused the haloperidol test. All subjects gave in-
formed consent, and the protocol of the study was approved by the
Ethics Committee of the Hospital.

Before the first ECT, neuroendocrine challenge tests were per-
formed by administration of the serotonin reuptake inhibitor
clomipramine, and of the dopamine receptor blocker haloperidol.All
tests were performed after an overnight fast,beginning between 08:00
and 09:00 hours. The clomipramine test was performed by adminis-
tering intravenously 25 mg of the drug in 100 ml saline within 10–15
minutes, with blood samples withdrawn at times 0, 15, 30, 45, and 60
minutes. Four healthy subjects and two patients experienced moder-
ate or severe nausea at the end of the clomipramine infusion, which
lasted for a few minutes. Two days later, the haloperidol test was per-
formed by administration of 5 mg of the drug intramuscularly, and
blood samples withdrawn at times 0, 30, 60, 90, and 120 minutes. Two
healthy subjects refused the haloperidol test. No significant side ef-
fects that needed any intervention were observed during the haloperi-
dol test.

Bilateral ECT was given to the patients two to four days after the
haloperidol test, with the electrodes placed in the bitemporal posi-
tion, using a pulse current device (Siemens Konvulsator 622), at dial
settings appropriate for the patient’s age. The procedure included ad-
ministration of atropine, sodium thiopental, succinylcholine, and
oxygenation. In all patients included in the study the seizure was
elicited with the first electrical stimulation. Seizure duration was
monitored with the cuff technique, and blood samples were taken at
times –10, 0, 15, 30, 45, and 60 minutes.

Plasma was separated by centrifugation and stored at –30 °C un-
til estimation of the prolactin levels, for which commercially available
radioimmunoassay kits were used (BioChem ImmunoSystems, Italy).
The inter- and intra-assay coefficients of variation were below 5 %.

Statistical evaluation of the data included analysis of variance for
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repeated measures for the comparison of the hormone release pat-
terns between patients and controls for the clomipramine and
haloperidol challenge tests. Age of the subjects was used as a covari-
ate. Correlation coefficient tests (Pearson and Spearman) were used
in searching for associations between maximal responses of prolactin
to ECT, to clomipramine, and to haloperidol in the patients’ group, as
well as to age and severity of illness. Multiple regression analysis was
also performed in search of associations of the prolactin response to
ECT to the clinical and to the neuroendocrine measures of the pa-
tient’s group.

Results

The ages of the patients ranged from 22 to 68 years
(mean 49.2, SD = 14.5), and their scores in the Hamilton
Depression Rating Scale from 18 to 43 points (mean 29,
SD = 8). The ages in the group of control subjects ranged
from 21 to 50 years (mean 31.4, SD = 10.2), significantly
lower than that of the patients’ group (F = 15.16,
p < 0.001). All subjects had normal body weight, with
mean values 77.7 (SD = 8.0) kg for the patients’ group,
and 79.4 (SD = 12.4) for controls.

Duration of illness of the patients ranged from 0.4 to
7 years (mean 3.1 years, SD = 2.3), and seizure times
measured during ECT ranged from 24 to 64 s (mean
39.9, SD = 10.8).

The two groups had similar baseline plasma pro-
lactin levels (Table 1). In the patients’ group, there were
no significant correlations between baseline hormone
levels and age,duration of illness,HDRS score,or seizure
time during the first ECT.

The PRL responses of the patients to CMI adminis-
tration were blunted compared to controls (ANOVAR,
F4,112 = 6.25, p = 0.001), while the PRL responses to HAL
were lower, but not significantly different from those of
the group of healthy subjects (Fig. 1).

The main objective of this study was to relate the pro-
lactin responses to ECT of the patients to their seroton-
ergic and to dopaminergic systems responsivities, as
measured by the prolactin increases after clomipramine

and after haloperidol administration.Thus, the maximal
PRL responses to these agents were calculated by taking
the highest post-drug prolactin level minus the baseline
level of each patient. Linear regression analysis showed
that the PRL increases induced by ECT were not related
to the serotonergic responsivity (PRL responses to CMI,
r = 0.1713, p = 0.57), but were positively correlated to the
increases caused by haloperidol (Fig. 2). The correlation
coefficient between the maximal PRL responses to HAL
and to ECT had a value of 0.8205 (N = 15, p < 0.001),
which means that 67 % of the variation in PRL responses
to ECT can be explained by an effect on the dopaminer-
gic neuronal activity. The correlation remains signifi-
cant when the outlier with the highest responses (Fig. 2)
is omitted (N = 14, r = 0.5555, p = 0.039), while using the
non-parametric Spearman correlation coefficient test

Table 1 Clinical and neuroendocrine data (mean ± SD) of patients and healthy
controls. The maximal prolactin responses (maximal post-stimulus value minus
baseline value) to clomipramine, to haloperidol, and to ECT are given in ng/ml
plasma. Statistical evaluation of the endocrine data by ANOVA with age as covari-
ate

Variable Controls Patients F (1, 28) p

N 15 15
Age 31.4±10.1 49.2±14.5 15.16 0.001
Duration of illness 3.1±2.3
HDRS score 29.0±7.8
Seizure time, s 39.9±10.8

F (1, 27) p

PRL, baseline 8.3±2.8 8.1±4.7 0.45 0.51
CMI-PRLmax 8.9±9.8 0.2±2.7 5.16 0.03
HAL-PRLmax 48.6±20.0 37.1±37.9 0.03 0.81

(N = 13)
ECT-PRLmax 26.8±21.2

Fig. 1 Prolactin responses to i. m. haloperidol (a) and to i. v. clomipramine (b) of
15 male depressive patients and 15 (13 for haloperidol) healthy male subjects.
Group interactions (ANOVA for repeated measures) are given. Asterisks indicate
significant planned comparisons.

a)

b)
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we obtained Rs = 0.6483, with p = 0.012 for N = 14 (the
outlier excluded), while for N = 15 the coefficient is
Rs = 0.7143, and p < 0.003.

In order to illustrate the dependence of the magni-
tude of PRL responses to ECT from the responsivity of
the dopaminergic receptors, as measured by the PRL re-
sponses to i. m. haloperidol, and to provide a further sta-
tistical support of the finding, we formed two subgroups
of patients using a median split, one with low PRL re-
sponses to haloperidol (7 patients, responses from 2.9 to
21.5 ng/ml, mean = 10.1), and the other with “high” re-
sponses (8 patients, responses from 23.7 to 142.9 ng/ml,
mean = 60.7) and compared their PRL responses to ECT.
The results are shown in Fig. 3, with the low PRL re-
sponders to HAL having significantly lower PRL re-
sponses to ECT.

In order to evaluate the contribution of other clinical
and neuroendocrine variables in the magnitude of the
PRL responses to HAL, we performed multiple regres-
sion analysis. Because of the relatively small number of
patients, we evaluated separately the clinical variables

and the neuroendocrine variables, with the maximal
PRL response to ECT as dependent variable. With inde-
pendent variables age, duration of illness, HDRS score,
and form of illness (bipolar, with psychotic features), we
calculated a multiple R = 0.437, df = 4,10, F = 0.59,
p = 0.68, indicating that none of these variables can pre-
dict the PRL response.With independent variables base-
line prolactin and the PRL responses to CMI and to ECT
(3 variables), we obtained an R = 0.821, df = 3,11,
F = 7.58, and p = 0.005, with a significant beta only for
the PRL response to ECT (beta = 0.816, p = 0.001).

Discussion

The blunted prolactin responses to the serotonin uptake
inhibitor clomipramine in depressive patients reported
previously [1, 9], were also found in this study. The na-
ture of this deficit could be attributed to a reduced re-
sponsivity of post-synaptic 5-HT receptors, mainly of 5-
HT1C and 5-HT1A subtypes, since such receptors have
been connected with the release of PRL by serotonin [1,
7].

One point in the study that has to be considered is the
possible influence of the administration of 5 mg
haloperidol on the PRL responses to ECT, two to four
days later. One way to examine this possibility using the
data of the present study is to compare the baseline PRL
levels measured before the administration of haloperi-
dol with the levels measured before ECT administration.
Before the administration of haloperidol, PRL levels of
the 15 patients ranged from 3.5 to 12.4 ng/ml
(mean ± SD = 6.8 ± 3.1), and before ECT from 3.7 to 10.5
ng/ml (mean ± SD = 7.3 ± 1.8), the difference being non-
significant (t-test for paired data, p = 0.33). There is thus
no indication of any sustained blockade of D2 dopamin-
ergic receptors by haloperidol, which, if present, should
be expressed in elevated plasma PRL levels. In addition,
we have previously shown that the PRL response to i. m.
haloperidol is attenuated only when a considerable D2
dopamine blockade is present [16]. Nevertheless, pro-
lactin released by the administration of the D2 receptor

Fig. 2 Correlations between the prolactin responses to ECT of 15 male depressive
patients, and their responses to i. m. haloperidol (a, significant), and to i. v.
clomipramine (b, non-significant).

a)

b)

Fig. 3 Prolactin responses to ECT in subgroups of depressive patients with low
(n = 6) and with high (n = 9) prolactin responses to i. m. haloperidol. Means and
SEM.
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antagonist chlorprothixene returns to baseline within 24
hours, despite the presence of the drug in plasma [3].

Data from the literature support the view that the
prolactin release by ECT is not influenced by the ad-
ministration of one single dose of haloperidol two to
four days previously. Movin-Osswald and Hammar-
lund-Udenaes [19] showed, using the D2 dopamine re-
ceptor blocker remoxipride in two consecutive doses at
several time intervals, that the prolactin pool is fully re-
stored after 24 to 48 hours, and that the refractory pe-
riod for a second prolactin release after remoxipride,
similar to the first prolactin release, was 24 hours for
most of the subjects [20].

The main finding of the study is that the PRL re-
sponses to ECT correlate to the PRL responses obtained
after injection of haloperidol, which reflect the respon-
sivity of the pituitary dopamine system,and were not re-
lated to the PRL responses to the serotonergic agent CMI.
The lack of association to the PRL responses to CMI is ob-
viously due to the low variation of the blunted responses,
still the fact remains that the diminished serotonergic re-
sponsivity does not correspond to the PRL increases
elicited by ECT. It can be suggested that the seizure in-
duced by the electrical stimulus causes a transient reduc-
tion of the dopaminergic activity, which attenuates the
tonic inhibition of PRL release. The reduction is short
lasting, since plasma PRL concentrations are already re-
duced in the blood sample taken after the maximal value,
in contrast to the samples during haloperidol, where the
blockade of D2 dopamine receptors lasts longer. These
results increase the evidence that the PRL release by ECT
is a dopaminergic rather than a serotonergic effect. This
is also indicated by previous studies,mentioned in the in-
troduction: pretreatment with serotonergic receptor an-
tagonists does not influence the PRL release during ECT,
as has been shown for ketanserin [27] or ritanserin [22].
Pretreatment with drugs which possess dopamine recep-
tor antagonistic activity, like methysergide [21] or meto-
clopramide [29],reduce or block the PRL release by ECT,
indicating the involvement of mainly dopaminergic,and
not serotonergic mechanisms in this effect of the electri-
cal stimulus.
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