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Background: Several lines of evidence suggest a clear relationship between serotonin (5-hydroxytryptamine, 5-HT) hypoactivity and
suicidal behavior across several psychiatric diagnoses. Few data are available, however, regarding the possible specific role of 5-HT1A
receptors in the biology of suicidality. Therefore, the aim of our study was to use a neuroendocrine strategy to test the hypothesis of a
role for 5-HT1A receptors in the biology of suicidal behavior.
Methods: Hormonal (adrenocorticotropic hormone [ACTH], cortisol, prolactin [PRL]) and temperature responses after administration
of flesinoxan, a highly potent and selective 5-HT1A receptor full agonist, were assessed in 40 inpatients with major depression, divided
into two subgroups (20 suicide attempters and 20 nonattempters), compared with 20 normal control subjects matched for gender and
age.
Results: Compared with nonattempters, suicide attempters exhibited significantly lower PRL (p ! .01), cortisol (p ! .014), and
temperature (p ! .0002) responses. Prolactin (p ! .007), cortisol (p ! .04), and temperature (p ! .00003) responses were also
decreased in suicide attempters compared with normal control subjects. In contrast, we did not observe any significant differences in
hormonal or temperature responses to flesinoxan between depressed patients without a history of suicide attempt and normal control
subjects.
Conclusions: The present study tends to confirm the role of 5-HT and more specifically 5-HT1A receptors in the biology of suicidal
behavior in major depression.
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Several lines of evidence suggest a clear relationship be-
tween serotonin (5-hydroxytryptamine, 5-HT) hypoactivity
and suicidal behavior across several psychiatric diagnoses.

This serotonergic hypothesis is based on ante- and postmortem
studies�(Mann�and�Stoff�2001;�Mann�et�al�1992).�In�vivo,�most�of
the measures used to assess serotonergic function and in partic-
ular cerebrospinal fluid (CSF) measures of the metabolites of
5-HT represent presynaptic indices of serotonergic system activ-
ity and are unable to provide reliable information about the
functioning of postsynaptic 5-HT receptors. In contrast, a neu-
roendocrine strategy might give an indirect index of central 5-HT
activity at the postsynaptic receptor level and test the functional
state of the serotonergic system. Currently, few studies have
assessed the relationship between suicidality and hormonal
responses� to� serotonergic� probes� (Pandey� 1997).� Moreover,
neuroendocrine challenge studies performed in normal volun-
teers and psychiatric patients have provided large variability in
their results, generally owing to the use of various serotonergic
agonists exhibiting a different selectivity and requiring different
doses and routes of administration (oral or intravenous). In the
neuroendocrine assessment of the serotonergic hypothesis of
suicidal behavior, fenfluramine has been the most widely used in
depressed, schizophrenic, and personality disordered patients
with a history of suicide attempt compared with control subjects
(Coccaro�et�al�1989;�Correa�et�al�2000;�Duval�et�al�2001).�Because
fenfluramine is a 5-HT releaser/reuptake inhibitor, however, the
challenge assesses overall serotonergic function through activa-
tion of all the 5-HT receptor subtypes. Thus, fenfluramine is
unable to provide data regarding which 5-HT receptors are

implicated in the biology of suicidal behavior. Among all the
5-HT receptors, few data are available concerning the potential
role of 5-HT1A receptors, which are clearly implicated in the
pathophysiology of depression and in the mechanism of action
of antidepressants. For these reasons, but also because of a lack
of really specific probes for the other receptor functioning, we
decided to study 5-HT1A receptors in relation to suicidal behavior.

In�a�recent�study�(Pitchot�et�al�2002),�we�emphasized�the�fact
that flesinoxan, a highly potent and selective 5-HT1A full agonist,
could be considered a reliable serotonergic probe for the study
of serotonergic hypotheses of pathological conditions. Indeed,
we showed a robust effect of flesinoxan (1 mg) on neuroendo-
crine function and body temperature in a sample of male healthy
volunteers,�which�tended�to�confirm�a�previous�study�(Seletti�et
al� 1995).� As� a� 5-HT1A� receptor� probe,� flesinoxan� has� the
advantage of avoiding several methodological problems encoun-
tered by the other 5-HT1A agonists, such as the lack of actual
selectivity for 5-HT1A receptors or the availability of an oral form
only� (Pitchot� et� al� 2002).� In� this� context,� the� purpose� of� the
present study was to assess hormonal and temperature responses
to flesinoxan in inpatients with major depression and a history of
suicide attempt compared with nonattempters and normal con-
trol subjects. More specifically, we wanted to test the hypothesis
of a role for 5-HT1A receptors in the biology of suicidal behavior
and to demonstrate the potential interest of the “flesinoxan test”
as a biological tool in the assessment of suicide risk.

Methods�and�Materials

Subjects
The study was conducted among 40 inpatients with major

depression�according� to�DSM-IV�criteria� (American�Psychiatric
Association� 1994),� representing� consecutive� admissions� to� the
Psychiatric Unit of the University Hospital of Liège, Belgium. The
DSM-IV Axis I and Axis II diagnoses were made by two experi-
enced psychiatrists on the basis of at least three clinical inter-
views. We excluded patients with psychotic symptoms and with
a current diagnosis of alcohol and drug abuse or dependence (on
the basis of the clinical interview of the patient and the family),
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bipolar disorder, and panic disorder. The patients were divided
into two subgroups: suicide attempters and nonattempters. Indi-
vidual�characteristics�of�the�patients�are�listed�in�Table�1.�Both
groups were matched for gender, age, and menopausal status
(one patient in each group). Moreover, neuroendocrine tests
were performed between days 3 and 12 of the menstrual cycle in
premenopausal� women� (Tulandi� et� al� 1987).� The� severity� of
depressive symptomatology was assessed by the 21-item Hamil-
ton�Depression�Scale�(HAMD)�(Hamilton�1960)�at�the�end�of�a
drug-free period of at least 3 weeks (2 months in case of previous
treatment with fluoxetine, lithium, anti-epilectics, or long-acting
neuroleptics). Most of the psychotropic medications used by
depressed subjects at intake included tricyclics, selective 5-HT
reuptake inhibitors, and benzodiazepines in reasonable doses,
allowing an easy tapering of the doses. Patients were only
offered occasional low doses of a short-acting benzodiazepine.
Overweight (35% above ideal body weight) patients were ex-
cluded from the study. All patients were free of medical illness as
evidenced by history, medical examination, electrocardiogram,
chest X-ray, electroencephalogram, and routine laboratory tests.

A history of suicide attempt was based on interviews with
patients and their families. Only suicide attempts with a real
intent to die were recorded. The lethality of the attempt was
assessed according to the Schedule for Affective Disorders and
Schizophrenia lethality scale, referring to the most lethal lifetime
suicide�attempt�(Spitzer�and�Endicott�1977).�All�patients�with�a
history of suicide attempt had a lethality score higher than 4.
Suicide attempts were also classified as violent (hanging, drown-
ing, deep cuts, and shooting) or nonviolent (drug overdoses and
superficial wrist cuts). We also measured the time between the
suicide attempt and the neuroendocrine investigation.

The control group included 20 healthy volunteers matched for
gender, age, and menopausal status with the group of depressed
patients. The subjects underwent a medical interview to exclude
medical problems and personal or familial psychiatric disorders.
They had a score less than 6 on the HAMD and less than 2 on
item 1. The Ethics Committee of the University of Liège Medical
School approved the protocol, and all subjects gave their in-
formed consent.

Neuroendocrine Procedure
After an overnight fast, an indwelling catheter was inserted

into a forearm vein at 8:30 AM. The first blood sample (t"30) was
collected at 9:00 AM and was followed by six blood samplings at
t0, t15, t30, t60, t90, and t120. The beginning of the flesinoxan
injection took place at t0. Flesinoxan (1 mg/70 kg body weight),
diluted in saline solution to obtain 20 mL, was injected intrave-
nously over a period of 10 min. All samples contained 10 mL of
blood. They were centrifuged within 2 hours, and serum was
immediately frozen and kept at "18°C until analysis.

Hormone�Assays�and�Temperature�Measure
Prolactin (PRL), cortisol, and adrenocorticotropic hormone

(ACTH) were measured by radioimmunoassay, according to
previously�published�methods�(Pitchot�et�al�2002).�In�particular,
intra- and interassay coefficients of variation were 10.0% and
10.0%, respectively, for prolactin, 4.3% and 8.3% for cortisol, and
4.1%�and�3.3%�for�ACTH�(Pitchot�et�al�2002).�All�samples�were
processed in duplicate within the same assay. Temperature was
measured sublingually with an electronic thermistor probe at
t"30, t0, t15, T30, t60, t90, and t120.

Statistical�Analysis
Hormonal and temperature responses after flesinoxan admin-

istration were assessed by two different methods: by peak values
after injection and by the areas under the curve situated between
injection and the last blood sampling. Both analyses were
performed with absolute values, as well as with differences
related to basal level (relative values). In our analysis, we used
the area under the curve relative values. Our data were not
normally distributed, and a log transformation did not normalize
the distribution. Therefore, to demonstrate differences between
groups, we used a Kruskal-Wallis nonparametric test. In case of
an overall effect, the Mann-Whitney U test was then used for
pairwise comparisons between groups. We also used the Spear-
man rank coefficient and Fisher exact test when appropriate. All
values were expressed as means # SD, and for a clearer reading,
hormonal and temperature data were presented as relative peak
values.

Table 1. Clinical and Biological Characteristics of Depressed Patients, According to Their Suicide Attempt History,
and Normal Control Subjects (Hormonal and Temperature Data are Expressed as Delta Peak Values)

Control Subjects SA NSA p

Age (ys) 38.6 # 11.8 39.6 # 14.9 43.2 # 10.4 ns
Sex (M/F) 12/8 12/8 12/8 ns
Weight (kg) 73.2 # 7.5 72.9 # 7.0 73.4 # 7.6 ns
HAMD Scores 27.2 # 5.6 26.5 # 7.1 ns
Personality Disorders 8 6 ns
Melancholia 9 7 ns
Type of Suicide Attempt (V/NV) 8/12
Hormones (Basal Values)

ACTH (pg/mL) 19 # 16 18 # 19 22 # 16 ns
Cortisol ($g/L) 118 # 52 103 # 28 115 # 75 ns
PRL ($IU/mL) 190 # 159 160 # 90 174 # 84 ns

Flesinoxan Test
ACTH (pg/mL) 73 # 105 20 # 27 30 # 24 .09
Cortisol ($g/L) 92 # 91 22 # 38 83 # 90 .03
PRL ($IU/mL) 402 # 359 151 # 132 395 # 530 .03
Temperature (°C) ".71 # .28 ".14 # .34 ".65 # .28 .00001

SA, suicide attempters; NSA, suicide nonattempters; M, male; F, female; HAMD, Hamilton Depression Scale; V/NV,
violent vs. nonviolent suicide attempters; ACTH, adrenocorticotropic hormone; PRL, prolactin.
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Results

Normal control subjects did not differ from depressed patients
in� terms�of�age�or�weight� (Table�1).�We�did�not�observe�any
significant difference between suicide attempters and nonat-
tempters in terms of HAMD scores or the distribution of person-
ality disorder diagnoses. Moreover, baseline hormonal and tem-
perature values were not significantly different between normal
control subjects and both patient groups (suicide attempters and
nonattempters)�(Table�1).�We�observed�a�significant�group�effect
in cortisol, PRL, and temperature responses to flesinoxan and a
tendency�for�ACTH�responses�(Table�1).�Compared�with�nonat-
tempters, suicide attempters exhibited significantly lower PRL (p
! .01), cortisol (p ! .014), and temperature (p ! .0002)
responses. Prolactin (p ! .007), cortisol (p ! .04), and temper-
ature (p !.00003) responses were also decreased in suicide
attempters compared with normal control subjects. In contrast,
we did not observe any significant differences in hormonal or
temperature responses to flesinoxan between depressed patients
without history of suicide attempt and normal control subjects.
Hormonal and temperature responses to flesinoxan were not
different between violent and nonviolent suicide attempters. The
length of the period between the most lethal suicide attempt and
the neuroendocrine investigation was not correlated with hor-
monal or temperature responses to flesinoxan.

Discussion

The present study tends to confirm the role of 5-HT and more
specifically 5-HT1A receptors in the biology of suicidal behavior
in major depression. Indeed, depressed patients with a history of
suicide attempt exhibited significantly lower hormonal and tem-
perature responses to flesinoxan compared with depressed
patients who never attempted suicide and normal control sub-
jects. We did not, however, observe any differences between
nonattempters and normal volunteers, suggesting that a dysfunc-
tion in 5-HT1A receptor activity is not associated with depression
as such but more to specific dimensions, like suicidality.

Hormonal and temperature responses to flesinoxan probably
reflect the sensitivity of 5-HT1A receptors. Indeed, flesinoxan
behaves as a very selective full agonist at the 5-HT1A receptor
level,�both�pre-�and�postsynaptically�(Pitchot�et�al�2004).�More-
over, we recently showed that pindolol blocks ACTH, PRL, and
oral temperature responses to flesinoxan but does not antago-
nize cortisol release and that ritanserin antagonizes PRL and
ACTH responses without effect on cortisol and temperature
responses�(Hadrava�et�al�1995).�Overall,�these�data�suggest�the
specific interest of temperature response to flesinoxan to mea-
sure 5-HT1A activity at the hypothalamic level.

In this study, we failed to find a difference between depressed
subjects without a history of suicide attempt and normal control
subjects. This observation is in contrast with several studies
assessing 5-HT1A function through the use of different neuroen-
docrine probes, such as ipsapirone, gepirone, or buspirone
(Cowen�et�al�1994;�Lesch�et�al�1990;�Rausch�et�al�1990;�Riedel�et
al�2002;�Shapira�et�al�2000).�In�particular,�an�impaired�tempera-
ture response to 5-HT1A agonists has been reported in some
publications. In fact, these discrepancies could be due to the use
of different 5-HT1A agonists or explained by the inclusion in
most studies of more patients with a history of suicide attempt.

Our results are in agreement with previous studies supporting
the involvement of 5-HT in the control of suicidal behavior and
in particular the extensive literature regarding the relationship
between low levels of CSF 5-hydroxyindoleacetic acid and

history of suicide attempt. The more specific role of 5-HT1A
receptors in the pathophysiology of suicidality has been as-
sessed, particularly in postmortem studies, but with very contro-
versial� results.� Cheetham� et� al� (1990)� measured� 5-HT1� and
5-HT1A binding sites in brain tissue of 19 suicide victims
suffering from depression before death compared with 19 gen-
der- and age-matched control subjects and observed a significant
decrease in the number of 5-HT1 receptors in the hippocampus
without any change in the number or affinity of 5-HT1 or 5-HT1A
receptors in frontal and temporal areas. This reduction in the
number of hippocampus 5-HT1 receptors could be related to a
decrease of 5-HT1A receptors, considered the prevailing subtype
in�hippocampus.�In�contrast,�Stockmeier�et�al�(1997)�reported�no
significant differences between suicide victims with major de-
pression and control subjects who died of natural or accidental
causes in 5-HT1A receptors in area 10 of the right prefrontal
cortex or the hippocampus. In another study, they observed an
increase in 5-HT1A receptor binding in the most rostral part of
the dorsal raphe nucleus of suicide victims compared with
control�subjects�(Stockmeier�et�al�1998).�Moreover,�two�studies
found that the number of 5-HT1A binding sites did not differ
significantly�between�suicide�victims�and�control�subjects�(Arranz
et�al�1994;�Lowther�et�al�1997);�however,�Arango�et�al� (1995)
studied a larger sample of suicide victims and reported that
5-HT1A receptor binding was higher in the prefrontal cortex.
Lopez�et�al�(1998)�showed�lower�5-HT1A�messenger�ribonucleic
acid levels in the hippocampus of suicide victims with a history
of affective disorders compared with control subjects. More
recently,� Arango� et� al� (2001)� found� a� reduction� of� 5-HT1A
receptor distribution volume and a decrease of an index of the
total number of 5-HT1A receptors in the dorsal raphe nucleus of
suicide victims compared with the control group. They also
observed that the 5-HT1A receptor binding capacity in the
median raphe nucleus was lower in suicide victims compared
with control subjects. As an explanation of these results, Arango
et al suggested that a reduction of 5-HT1A autoreceptors could
be an adaptative mechanism, whose function is to increase 5-HT
activity. This interpretation could be applied to some of our data
and in particular to the observation of a blunted temperature
response to flesinoxan in suicide attempters compared with
nonattempters and normal control subjects. In fact, temperature
response to a 5-HT1A agonist could be due at least in part to the
stimulation of somatodendritic 5-HT1A receptors. Indeed, in
mice, the hypothermic response is mediated by cell body 5-HT1A
receptors�(Martin�et�al�1992;�McAllister-Williams�et�al�2001),�and
in rats both pre- and postsynaptic receptors have been impli-
cated�(Bill�et�al�1991;�Goodwin�et�al�1987;�Millan�et�al�1993).�In
a�recent�publication,�however�(Hsiung�et�al�2003),�evidence�of
impairment in the 5-HT1A signal transduction mechanisms has
been reported in the occipital cortex of depressed suicide
victims. If this effect holds true for 5-HT1A receptors in other
parts of the brain, such as the hypothalamus or at the autorecep-
tor level, that could explain our observations.

The hypothesis of a link between stress-induced hypercorti-
solemia and 5-HT1A receptors activity could also constitute
another explanation for our results. Indeed, several lines of
evidence suggest that chronic stress could downregulate 5-HT1A
receptors, particularly at the level of the hypothalamus, through
an� increase� in� circulating� glucocorticoids� (Lopez� et� al� 1998).
Many data support a major role for psychological and biological
stress factors in the understanding of suicidal behavior. Psycho-
social factors, such as stressful life events, have been well
recognized as major risk factors of suicide. A relationship be-
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tween some biological aspects of stress, such as hypothalamic–
pituitary–adrenal (HPA) axis overactivity and suicide or suicide
attempt, has been demonstrated in several studies but with
controversy� (Pitchot� et� al� 1995,� 2003).� The� discrepancies� be-
tween studies (ante- or postmortem) could be explained by the
fact that suicide attempt is a complex dimension compared with
suicide completion. Both categories are parts of a large spectrum
of suicidal behavior. In this context, we could hypothesize that
significant HPA axis overactivity is associated with the risk of
suicide as one extreme of this spectrum and not to other
heterogenous aspects of the suicide-attempt dimension. More-
over, HPA axis overactivity could be found only in suicide
attempters and completers with a recent or a lifetime history of
severe�psychosocial�stress�factors�(Lopez�et�al�1999).�This�HPA
axis overactivity hypothesis of suicidal behavior could also
explain the apparent opposition between studies reporting an
increase in some brain areas, such as prefrontal cortex, and
studies reporting a decrease in other brain regions, such as
hippocampus and hypothalamus. In fact, in relationship with the
distribution of glucorticoid receptors expressed in the brain,
corticosteroid could influence the sensitivity of 5-HT1A receptors
differently in some areas versus others. In our study, hormonal
and temperature responses to flesinoxan indirectly reflect the
sensitivity of 5-HT1A receptors in the hypothalamic region,
where type II glucocorticoid receptors are widely expressed
(Dufourny�and�Skinner�2002).

In our study, the lack of a correlation between hormonal or
temperature responses to flesinoxan and the time between the
most lethal lifetime suicide attempt and the neuroendocrine
investigation suggests that a dysfunction in hypothalamic
5-HT1A receptors could be a trait marker, according to several
studies showing that the serotonergic activity is stable over time
and�possibly�under�the�control�of�the�5-HT1A�gene�(Mann�et�al
1992;�Seletti�et�al�1995).�In�humans,�a�recent�positron�emission
tomography (PET) study failed to demonstrate a significant
inhibitory effect of corticosteroids on 5-HT1A receptor binding,
suggesting that 5-HT1A receptor downregulation could be pri-
mary,�with�a�secondary�increase�of�HPA�axis�activity�(Montgom-
ery� et� al� 2001).� Unfortunately,� our� study� does� not� provide
sufficient information to determine whether impaired 5-HT1A
activity at the level of the hypothalamus in suicide attempters is
genetically determined or a consequence of a long-lasting effect
of corticosteroids.

Some limitations have to be considered in the interpretation
of our data. A major pitfall in neuroendocrine studies is the
possible inadequacy of a drug-free period of 3 weeks. Indeed, in
animals,�Li�et�al� (1993)�showed� that�chronic�administration�of
fluoxetine blocked ACTH, corticosterone, and oxytocin re-
sponses to 8-hydroxy-2-(dipropylamino)tetralin, supporting the
hypothesis of antidepressant-induced desensitization of postsyn-
aptic 5-HT1A receptors in the hypothalamus. The downregula-
tion of 5-HT1A receptors has also been demonstrated with
paroxetine and venlafaxine in studies using the same paradigm
(Gur�et�al�2000;�Li�et�al�1997).�In�contrast,�Newman�et�al�(2000)
failed to show an effect of clomipramine on the sensitivity of
both pre- and postsynaptic 5-HT1A receptors at the level of the
hypothalamus but showed a desensitization of hippocampal
5-HT1A receptors, suggesting that these effects are probably
area-specific. Moreover, a recent PET study using the 5-HT1A
antagonist way-100635 in patients with major depression showed
that 5-HT1A receptor binding was reduced across several brain
regions without change by selective 5-HT reuptake inhibitor
treatment�(Sargent�et�al�2000).�Another�problem�is�that�we�did�not

use a placebo challenge to control for a stress effect; however,
this effect was limited by the insertion of the catheter 30 min
before the first hormonal measure, and the influence of baseline
values was controlled by expressing hormonal and temperature
responses as % values. Moreover, because we did not measure
flesinoxan plasma levels, some pharmacokinetic factors could
explain some differences between groups. Another limiting
factor is that hormonal and temperature responses to flesinoxan
provide information about the sensitivity of 5-HT1A receptors at
the hypothalamic level, and we do not know exactly to what
extend a hypothalamically mediated response is informative
regarding the activity of 5-HT1A receptors in other brain regions,
such as hippocampus or prefrontal cortex. Finally, our data are
limited to one subgroup of suicide attempters, those with a high
lethality level; our purpose was to study subjects who were as
close as possible to being suicide completers.

Another particular problem in the interpretation of our results
is the observation of a significant difference between patients
and control subjects for the stimulatory response of cortisol and
not of ACTH. These data could be explained by the fact that
ACTH is released in a pulsatile manner over the 24-hour cycle
(Horrocks� et� al� 1990),� and� it� is� therefore� difficult� to� have� a
reliable measure of the pharmacological effect on ACTH stimu-
lation. A second possible explanation could be a direct effect of
flesinoxan on the adrenal gland; however, 5-HT receptors impli-
cated in cortisol release at the level of the adrenal gland are
5-HT4 receptors subtypes, and it is unlikely to achieve a stimu-
lation�of�5-HT4�receptors�with�flesinoxan�(Pitchot�et�al�2002).

Taking account of these limitations, the flesinoxan test seems
to be a quite reliable tool for the assessment of 5-HT1A function
in living and pathological conditions. Moreover, as an easy and
minimally invasive technique, temperature response to flesinoxan
could be used in clinical practice for the measure of suicide risk in
depressed patients.
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