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d-Fenfluramine, a specific 5-HT releasing agent without the 
catecholamine effects of d,l-fenfluramine, was used as a 
neuroendocrine challenge in 19 subjects with major 
depression and 19 healthy controls. Patients and controls 
were matched for age, sex, weight, and menstrual status. 
5-HT-mediated prolactin and cortisol responses were both 
significantly attenuated in the depressed group. Patients 
with a history of a suicide attempt had lower cortisol 

responses than those without. Peak cortisol responses were 
inversely related to baseline cortisol levels. There were also 
significant relationships between hormone responses and 
both age and weight. These findings replicate those of a 
previous study using this challenge and reiterate the role of 
reduced 5-HT activity in suicide. They also reinforce the 
need for careful matching in neuroendocrine studies. 
[Neuropsychopharmacology 14:349-354, 1996] 

------------------- ----
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The 5-hydroxytryptamine (5-HT) hypothesis of depres
sion implicates reduced central 5-HT neurotransmis
sion as the underlying biochemical deficit in depression 
(Maes and Meltzer 1995) and is supported by studies 
using diverse methodologies (Ecclestone and Doogan 
1991). In particular, psychoneuroendocrine studies using 
a variety of 5-HT probes have been performed to obtain 
an accurate index of the overall functional status of cen
tral 5-HT systems (Checkley 1980). Many studies have 
used racemic d,1-fenfluramine, a 5-HT releasing agent, as 
a challenge drug. 5-HT release from the raphe nuclei pro
jections to the hypothalamus results in secretion of pro
lactin (PRL) and adrenocorticotrophic hormone (ACTH) 
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from the pituitary and subsequently of cortisol (CORT) 
from the adrenal cortex. Measuring PRL and CORT 
responses gives an index of central 5-HT responsivity 
(Quattrone et al. 1983). The results of studies using 
d,l-fenfluramine challenge have been inconsistent, 
though. Siever et al. (1984), Lopez-Ibor et al. (1988), and 
Lichtenberg et al. (1992) showed a blunted PRL response 
in depressed patients, whereas Mitchell and Smythe 
(1990) showed reduced responses only in those who 
were endogenously depressed. Weizman et al. (1988) 
failed to find any differences in PRL response between 
controls and depressives. However, none of these studies 
matched subjects simultaneously for age, sex, weight, 
and menstrual cycle, and frequently they included both 
bipolar and unipolar patients. Furthermore, d,l-fenflu
ramine has been criticized as insufficiently specific as a 
serotonergic probe, because it has additional effects on 
other monoamine systems (Van Praag et al. 1986). 

The d-isomer of fenfluramine is a more 5-HT-specific 
probe, being free of the catecholamine effects of racemic 
d,l-fenfluramine (lnvernizzi et al. 1986; Carattini et al. 
1987). Circulating PRL and CORT concentrations have 
been reliably demonstrated to rise following adminis-
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tration of 30 mg of d-fenfluramine (O'Keane et al. 1991; 
Feeney et al. 1993; Goodall et al. 1993; Gorard et al. 1993). 
The absence of any dopaminergic effects with d-fenflu
ramine allows more certainty in the interpretation of the 
prolactin response as a 5-HT-mediated effect, because PRL 
is also under dopaminergic control (Gudelsky et al. 1984). 

O'Keane and Dinan (1991) compared endocrine 
responses to 30 mg of d-fenfluramine in unmedicated 
depressed patients and controls and found reduced PRL 
and CORT responses in 23 patients with depression com
pared to 16 control subjects. However, patients and con
trols were not matched for sex or weight, both of which 
may independently affect hormonal responses (Alto
monte et al. 1987; McBride et al. 1990). These results 
contrast with those of Maes et al. (1991), who failed to 
find any difference between major depressives and con
trols using 45 mg of d-fenfluramine. 

The present study tested the 5-HT hypothesis of 
depression using a similar neuroendocrine procedure to 
that of O'Keane and Dinan (1991), but carefully matched 
test and control subjects. 

METHOD 

Subjects 

Nineteen depressed patients (7 male, 12 female) were 
recruited from referrals to the Maudsley Hospital. Fif
teen of the 19 were psychotropic drug naive, and all, 
except two females taking hormone replacement ther
apy, were drug free at the time of testing for at least 3 
°:1-onth~. All patients were suffering from major depres
sive disorder (MOD) according to the criteria of the 
Diagnostic and Statistical Manual of Mental Disorders, 
(DSM-III-R; APA 1987) and scored at least 17 on the 17-
item Hamilton Rating Scale for Depression (HAM-D; 
Hamilton 1960). Patients with additional DSM-III-R 
diagnoses or bipolar depression were excluded. None 
of the patients was psychotic, but six were suffering 
from DSM-III-R melancholic subtype. Four had a his
tory of a suicide attempt: two had taken an overdose in 
the past, one had taken three previous overdoses, one 
during the present episode, and one had taken an over
dose and cut her wrists during the presenting illness. A 
control group of 19 subjects was recruited from staff 
and student volunteers at the hospital, matched for sex, 
age, a_nd weight. Females were tested at the same stage 
of the1r menstrual cycle or hormone replacement regime; 
4 pa1rs were early follicular (day 1-7), 6 were luteal (day 
20-28), and 2 were on equivalent doses of estrogen only 
hormone replacement therapy. Mean ages ( ::!::SD) were 
39.3 ::!:: 15.2 years in the depressed and 36.5 ::!:: 7.2 years in 
the control group. Weights averaged 65.7 ::!:: 12.3 kg and 
69.8 ::!:: 13.6 kg in the depressed and control groups, 
respectively. All subjects gave written informed consent. 
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Procedures 

Subjects were cannulated at 9:00 A.M. having fasted 
from midnight. Following a 15-minute relaxation period, 
first blood samples were taken and 30 mg of d-fenflu
ramine was administered orally. Subjects remained semi
recumbent for the next 5 hours and further samples 
were taken at 1, 3, 4, and 5 hours. A standard light snack 
was served after one hour. 

Analysis of serum PRL and CORT concentrations 
was carried out blind to patient status in the Depart
ment of Clinical Biochemistry, King's College Hospital. 
The prolactin was assayed using the immunoradiomet
ric method MAIAClone from Serano (Hampshire, UK) 
described by Rattle et al. (1984), and CORT was assayed 
using the Coat-A-Coat radioimmunoassay from DPC 
(California, USA). The inter-assay coefficient of variance 
was less than 6% for both assays. 

Analysis 

Peak hormone responses(~ values) were calculated by 
subtracting baseline values from the maximum levels 
post d-fenfluramine administration. Hormone levels fell 
sharply between O and 60 minutes, representing recov
ery from the stress response of cannulation and natural 
circadian falls. Sixty-minute values therefore constituted 
a more accurate baseline. Peak and baseline hormonal 
measures were compared between patients and con
trols using one-way analysis of variance (ANOVA). In 
addition, a one-way ANOVA (at each time point) and a 
repeated-measures two-way ANOVA were performed 
on the PRL and CORT change from baseline over time. 
To confirm differences in post-drug hormone responses, 
area under the curve (AUC) calculations were made 
using the trapezoid method on hormonal responses and 
similarly compared between patients and controls. Cor
relations were performed using Pearson's product
moment analysis. Means are expressed ::!::SD. 
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Figure 1. Mean serum prolactin concentrations in depressed 
and control groups after oral administration of 30 mg of d-fen
fluramine. ( A controls (n = 19); -tr- depressed (n = 19)). 
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RESULTS 

There were no differences in mean age (F 1,36 = 1.18; p > 
.1) or weight (F1,36 = 1.24; p > .1) between patients and 
controls. Patients' HAM-D scores averaged 22.8 ± 3.5. 

Baseline PRL was 183 ± 95 iu/L in the depressed 
group and 164 ± 69 iu/L in the controls (F 1,36 = 0.5; p > 
.1). The mean APRL response in the depressed group 
(75 ± 108 iu/L) was significantly lower than that of the 
control group (186 ± 153 iu/L) (F 1,36 = 6.7; p = .01). Fig
ure 1 shows the comparative PRL responses. The ANOVA 
on the PRL response showed a significantly lower change 
from baseline in the depressed group at 4 hours (F 1,36 = 
6.9; p = .01) and 5 hours (F J,36 = 7.8; p = .008). A signif
icant overall group-by-time interaction was also present 
(F 4,180 = 3.79; p = .006), confirming the blunted curve in 
the depressed group. The 2 groups showed similar differ
ences when AUCs were compared. Mean AUC PRL was 
98 ± 279 iu.h/L in the depressed and 308 ± 215 iu.h/L 
in the controls (F1,36 = 6.7; p = .01). There were no group
by-sex differences for PRL responses or AUC PRL results. 

Baseline CORT was elevated in the depressed group 
(451 ± 197 nmol/L) compared to the controls (267 ± 96 
nmol/L) (F1,36 = 11.4; p = .002). The mean .:iCORT value 
was significantly attenuated in the patient (61 ± 25 
nmol/L) relative to control group (186 ± 31 nmol/L) 
(F1,36 = 9.9; p = .003). Figure 2 shows the CORT responses 
over time. The ANOVA on the CORT response showed 
a significantly lower change from baseline in the 
depressed group at 3 hours (F1,36 = 7.7; p = .009), 4 
hours (F1,36 = 8.2; p = .007), and 5 hours (F1,36 = 9.4; p = 

.004). The overall group-by-time interaction was also 
significant (F 4,180 = 2.60; p = .04), showing a blunted 
curve in the depressed group. The AUC CORT value 
was -62.4 ± 350 nrnol.h/L in the depressed group and 
299 ± 310 nmol.h/L in the controls, a significantly lower 
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Figure 2. Mean serum cortisol concentrations in depressed 
and control groups after oral administration of 30 mg of d-fen
fluramine. (--¼- controls (n = 19); ---ts- depressed (n = 19)). 
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value (F1,36 = 11.4; p = .002). There were no group-by
sex differences for CORT or AUC CORT responses. 

Melancholic patients did not differ from nonmelan
cholics on any hormonal variables. The presence of weight 
loss or psychomotor retardation did not significantly 
affect the responses in depressed patients, but the pres
ence of a history of suicide attempt did. In those with a 
positive history the mean .:iCORT was significantly 
attenuated (-53 ± 74 nmol/L compared to 91 ± 96 
nmol/L; F 1,17 = 7.3; p = .01). The APRL responses were 
62 ± 150 iu/L in attempters and 78 ± 99 iu/L in nonat
tempters (F1,17 = .06; p > .l). 

Correlational analysis for the whole group revealed a 
significant negative correlation between baseline CORT 
and .:iCORT responses (r = 0.63; p < .001) and AUC 
CORT (r = 0.75; p < .001; see Figure 3), but no relation
ship between baseline CORT and APRL or AUC PRL. 
However, analyzing men alone did produce a weak rela
tionship in the same direction between baseline CORT 
and AUC PRL (r = 0.51; p = .06). The .:iCORT responses 
were positively correlated to .:iPRL responses (r = 0.40; 
p = .01). There was a positive relationship between 
weight and .:iCORT (r = 0.40; p = .01) and an inverse 
relationship between age and .:iPRL (r = 0.34; p = .04). 
There were no correlations between hormonal variables 
and HAM-D total score and HAM-0 suicide or retarda
tion parameters. 

DISCUSSION 

Both the PRL and CORT responses to d-fenfluramine 
were attenuated in the depressed group. These findings 
suggest that 5-HT neurotransmission, as measured by 
this method, is reduced in MOD. This study extends the 
original findings of O'Keane and Dinan (1991) by using 
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Figure 3. Baseline cortisol concentrations plotted against 
the d-fenfluramine-induced cortisol response, measured as 
area under the curve (AUC, relative to baseline). ( r = - 0.75, 
p < 0.001.) 
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a more closely matched control group. That this match
ing is important in neuroendocrine studies is confirmed 
by the presence of significant relationships between 
weight and LiCORT and age and LiPRL. Other studies 
have also found that such factors can confound inter
pretation of neuroendocrine responses (McBride et al. 
1987; Altomonte et al. 1990; O'Keane et al. 1991). Also, 
by using d-fenfluramine as a 5-HT probe we have over
come many of the theoretical shortcomings of d,1-fen
fluramine. Interestingly, though, one preliminary study 
suggested that the effects of these two drugs, at least on 
prolactin release, may be similar in many subjects (Coc
caro et al. 1994). 

Possible shortcomings with our findings include the 
lack of d-fenfluramine plasma levels to exclude totally 
pharmacokinetic explanations for the inter-group dif
ferences. However, patients and controls were weight 
matched, lessening the likelihood that there were large 
enough differences in plasma levels to explain the large 
observed hormonal differences. We did not measure 
ACTH levels directly either, and so cannot exclude the 
possibility that d-fenfluramine may have had direct 
effects on adrenal cortical cortisol secretion (Van de Kar 
et al. 1985; Hollander et al. 1993). The dose of d-fenflu
ramine we used was 30 mg, for which there is good pla
cebo-controlled data. Although some previous studies 
used a 45-mg challenge dose, human data on this dose 
are less complete. Furthermore, 45-mg doses have a 
higher incidence of unpleasant side effects during test
ing (T. Dinan 1995, personal communication), which 
increase the risk of nonspecific stress responses. All but 
four of our sample were psychotropic drug naive, mini
mizing the possibility of drug-induced changes account
ing for reduced 5-HT responsivity. Finally, none had 
histories of bipolar depression, suggesting perhaps 
more homogeneity than in previous studies, which 
included both unipolar and bipolar patients. 

d-Fenfluramine is a releasing agent and does not act 
specifically at 5-HT receptor subtypes. Thus blunted 
responses are indicative of an overall reduction in hypo
thalamic 5-HT activity. This may result from: (1) reduced 
availability of 5-HT for release because of reduced pre
synaptic stores, impaired sensitivity of presynaptic neu
rones in the raphe nuclei, or other mechanisms; or (2) 
reduced postsynaptic receptor sensitivity. In humans 
PRL responses to d-fenfluramine may be mediated by 
5-HT2A;2c receptors (Goodall et al. 1993), 5-HT1A recep
tors (Palazidou et al. 1995), or an interaction of both. 
5-HT-dependent ACTH and CORT release may also be 
dependent on 5-HTlA receptors (Lesch et al. 1990a, 
1990b) and 5-HT2A;2c receptors (Gartside and Cowen 
1990). Thus both receptor subtypes may be important in 
the hormonal responses we measured. Research has 
generally indicated that 5-HT2A;2c receptors are upreg
ulated in depression, whereas 5-HT 1A receptors are down
regulated (Maes and Meltzer 1995). It is not easy therefore 
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to link the blunted responses to any specific postsynap
tic receptor abnormalities. Similar difficulties occur when 
interpreting the results of challenges with agents such 
as 1-tryptophan, 5-hydroxytryptophan, and clomipramine. 
Studies using these agents have been taken to provide 
support for the hypothesized S-HT2A;2c receptor upreg
ulation and 5-HTlA receptor downregulation. However, 
these challenge drugs are not specific to any 5-HT recep
tors and, unlike d-fenfluramine, may also have effects on 
catecholamine systems (Van Praag et al. 1986). Our inter
pretation, therefore, is that the blunted hormonal response 
to d-fenfluramine reflects a functional reduction of cen
tral serotonergic neurotransmission, but we are not able 
to identify precisely which receptors are affected. 

In order to determine accurately the effects on indi
vidual postsynaptic receptor subtypes in MDD, testing 
with more highly specific receptor agonists is required. 
5-HT lA agonists have already been used in this respect, 
confirming subsensitivity of the ACTH and cortisol 
response to these receptors when the highly specific 
agent ipsapirone is used (Lesch et al. 1990a, 1990b), but 
not when the much less specific buspirone is used 
(Cowen et al. 1994; Meltzer and Maes 1994). Unfortu
nately, there are no specific 5-HT2A or 5-HT2c postsyn
aptic receptor agonists available for use in humans at 
the present time. 

Baseline cortisol was significantly raised in depressed 
patients, a consistently replicated finding (Dinan 1994). 
Previous neuroendocrine studies have found that 5-HT
mediated endocrine responses are inversely related to 
cortisol levels (Deakin et al. 1990; Dinan 1994). One 
study investigating MDD prior to and following treat
ment found that reduction in circulating cortisol con
centrations to normal levels was the strongest predictor 
of normalization of the d-fenfluramine/PRL response 
(O'Keane et al. 1992). Preclinical studies have demon
strated that glucocorticoids exert a powerful regulatory 
effect on central 5-HT neurotransmitter function. For 
example, increased glucocorticoid activity caused down
regulation of 5-HT 1 A receptors (De Kloet et al. 1986) and 
reduced 5-HT 1A receptor m-RNA expression (Chalmers 
et al. 1994). Thus the reduced functional 5-HT activity 
in depression is increased back to normal by lowering 
serum cortisol with cortisol synthesis inhibitors (Tha
kore and Dinan 1995). 

These findings have led to the hypothesis that hyper
cortisolemia, secondary to ongoing psychosocial stressors 
(Deakin et al. 1990) or abnormal stress responses (Dinan 
1994), gives rise to the reduced brain monoamine function 
in depression. Our finding of a strong inverse relationship 
between LiCORT responses and hypercortisolemia is con
sistent with this hypothesis, although ACTH measures 
would provide stronger direct evidence. The relation
ship with LiPRL responses in this sample was weaker 
and confined to men. The absence of such a relationship 
in women may be due to the differing stages of the men-
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strual cycle at which they were tested. Although this 
variable was controlled for when comparing groups, on 
a within-group correlation, the marked differences in 
d-fenfluramine/PRL responses through the menstrual 
cycle (O'Keane et al. 1991) introduce a significant third 
factor that adds variance and could obscure the rela
tionship. Previous studies that found this correlation 
tested women who were all in the follicular stage of the 
cycle (O'Keane and Dinan 1991). 

Another interesting finding was the lower 5-HT re
sponsivity in patients with a history of suicide attempts. 
This is consistent with numerous studies finding sui
cide to be associated with measures of reduced 5-HT 
function (Roy and Linnoila 1988). This finding parallels 
that of Coccaro et al. (1989), who found PRL responses 
to d,1-fenfluramine similarly reduced in depressed and 
personality disordered patients with histories of suicide 
attempts. Indeed, Neilsen et al. (1994) suggested that 
low 5-HT activity is a trait marker for impulsive behav
ior in general, including suicide. It is interesting to spec
ulate on whether these individuals have a reduced 
responsivity to d-fenfluramine as a marker in between 
depressive episodes or a tendency to a more severe 
reduction while depressed. Longitudinal studies might 
provide the answer. 

In conclusion, this study provides further evidence 
in support of the 5-HT hypothesis of depression and for 
the role of 5-HT in suicide. 
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