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Summary

In order to investigate the influence of lithium long-term medication on
serotonergic neurotransmission, fenfluramine stimulation (FES) was used
for the assessment of hormonal effects under serotonergic control. The cor-
tisol plasma concentration following FFS was examined between 8 a.m. and
1p.m. in 11 manic-depressive subjects under lithium prophylaxis and in 8 un-
treated euthymic patients. In addition, 11 healthy subjects with FES, and 12
other subjects without FFS were investigated. The basal cortisol concentra-
tions show considerable variation. Those of the lithium patients were in
general found lower than those of the control groups. In both, the controls
and the manic-depressive patients without lithium medication, no gross de-
viation from the expected physiological decline of morning cortisol values
was found. A subtle effect of FES in healthy subjects could be observed. In
the lithium patients, however, a significant inversion of the cortisol secre-
tion pattern with a steep increase between 10 and 12 a.m. could be demon-
strated. It is concluded that FES and lithium long-term medication exert an
agonistic influence onto central serotonergic neurotransmission. Pharmaco-
logical challenge with fenfluramine may prove to be a useful tool for the in-
vestigation of serotonergic mechanisms in biological psychiatry.

* Partial results of this study were presented at the 3rd World Congress of Bio-
logical Psychiatry, Stockholm 1981.
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Introduction

The mode of action of lithium prophylaxis in patients with
manic-depressive disease is still unknown. Nevertheless, a vast body
of experimental evidence has accumulated during the last decennies
giving rise to the assumption that the prophylactic effect of lithium
may be partly related to its effect on central serotonergic neurons (for
review ref. Miiller-Oerlinghausen, in press). Yuwiler et al. (1979) de-
scribed an elevated tryptophan-concentration in the brain after
lithium treatment; moreover, Mandell and Knapp (1976) demonstrat-
ed that lithium differentially stimulates the central 5-HT metabolism
and equilibrates the bilateral asymmetry in mesostriatal serotonin
metabolites (Mandell and Knapp,1979). Lithium has also been report-
ed to increase the 5-HT syndrome in rats pretreated with tricyclic
antidepressants (De Montigny et al., 1981; quoted from Bunney and
Garland, 1983).

Chronic application of lithium decreases serotonin receptor
binding sites in the hippocampus indicating an enhancement of
serotonergic activity, which is followed by receptor subsensitivity in
this area (Maggi and Enna, 1980; Treiser and Kellar, 1980).

Murphy et al. (1969) and Born et al. (1980) showed that chronic
lithium treatment up to three months increased the serotonin uptake
in blood platelets of manic-depressive patients. Coppen et al. (1980) re-
ported an increased uptake of platelets 5-HT after lithium treatment
of six weeks, one year, and after lithium prophylaxis of 4.3 years on
average. This was confirmed by Melizer et al. (1983), who reported a
significant increase of 5-HT uptake after lithium treatment of at least
one year duration.

Eroglu and Atamer-Stmsek (1980) demonstrated a lithium-induced
increase of cerebral serotonin in stress-exposed rats. Broderick and
Lynch (1982) showed a significant reduction of muricidal behaviour
in killer-rats. These findings may be related to the modulatory effect
of lithium and 5-HT on aggressiveness in humans and animals
(Brown et al., 1979; Brown et al., 1982; Miiblbauer, in press).

At present, published experimental and clinical results are diffi-
cult to compare as they were obtained by either acute or long-term
treatment, in human or animal experiments, and either regional or
total cerebral amount of serotonin was considered.

Invasive methods of investigation on central serotonin metabo-
lism, eg. the determination of 5-HIAA in cerebro-spinal fluid are
rather unsuitable for repeated clinical investigations in patients.
Therefore, we looked for an indicator system possibly reflecting cen-
tral-nervous serotonergic activity, based on reliable laboratory



Fenfluramine Stimulation of Serum Cortisol 83

methods and convenient for investigations in an out-patient popula-
tion.

We hypothesized that changes of a hormonal system under sero-
tonergic control which are induced by a central serotonin agonist
should be a possible approach. The circadian cortisol-secretion pat-
tern which is regulated, at least partly, by serotonergic mechanisms
(Miiller et al.,1977), was, therefore, investigated under the experimen-
tal condition of fenfluramine stimulation (FFS). This drug, fluor-
methylamphetamine, represents an anorectic agent highly selective-
ly affecting well-known serotonergic pathways ascending from
brainstem neurons to the forebrain (Garattini et al,, 1975; Sotelo and
Zamora, 1978; Dubault et al., 1975, 1979).

Methods

Characteristics of Patients and Conirols

The following groups of subject were examined under fasting condi-
tions:

Group 1:

12 healthy subjects (6 females, 6 males; mean age [m £5.D.] 30.5+4.5
years) without fenfluramine stimulation.

Group 2:
11 healthy subjects (7 females, 4 males; mean age m=44.12-12.7 years)
with fenfluramine stimulation.

Group 3 and 4:

Group 3:

11 manic-depressive patients in the symptom-free interval under lithium
prophylaxis withont fenfluramine stimulation (7 females, 4 males; unipolar
4, bipolar 7; mean age 45%14.5 years; duration of lithium treatment
6.3 4.4 years; lithium serum concentration 0.66 =0.15 mmol/1; 2 patients
received 150 ug per day, and 75 ug per day l-thyroxine, respectively).

Group 4:

The above mentioned 11 manic-depressive patients in the symptom-free
interval under lithium prophylaxis investigated with fenfluramine stimula-
tion three months later.

Group 5:

8 manic-depressive patients without any acute psychiatric symptom-
atology, psychotropic medication, or previous lithium medication with
fenfluramine stimulation (6 females, 2 males; unipolar 4, bipolar 4; mean
age 44.3 £13.5 years).
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After the initial blood sampling at 8 a.m., the experimental groups re-
ceived 60 mg fenfluramine-HCI orally. Blood samples were taken by an
indwelling intravenous catheter (butterfly system) at 9,10,11,12 a.m.,1 p.m.,
and at 8 a.m. next day. Due to a technical fault four blood samples at 1 p.m.
could not be assessed in group 5. (Therefore, these values are not shown in
Fig.1.) The controls without fenfluramine stimulation consisted of healthy
subjects, in whom blood was collected at 8,10, and 12 a.m., and at 8 a.m. the
next day.

Informed consent was obtained from all subjects.

Biochemical Assay

The blood was centrifuged, and the serum deep-frozen. The cortisol
concentration was determined by radio-immuno-assay (double antibody
method). The inter-assay variance is 13 %, the intra-assay variance 6 %.
Cross-reactions for corticosterone are 1.5% and for cortisone 1%, respec-
tively. All the other physiologically existing steroid hormones show a cross-
reactivity of less than 0.1%.

Blood glucose assessments were performed by the glucose oxidase
methode (Beckman glucose analyzer II).

Data Analysis

An analysis of variance for repeated measurements (ANOVA) was used
to evaluate temporal effects (decline of cortisol concentrations) in different
groups (1, 2, 3, 5) and interactions between treatments groups and temporal
effects. To compare different groups at specific periods, non-parametric
tests for paired (Wilcoxon-test) and non-paired samples (Mann-Whitney-test)
were used. A two-tailed level of significance was used. All values are ex-
pressed as mean &= S.E.M.

Results

1. Basal Cortisol Concentrations at 8 a.m.
The group means of the 8 a.m. fasting cortisol concentrations be-
fore administration of fenfluramine differed considerably, and

Tablel. Analysis of wvariance for repeated measurements of morning cortisol
concentrations in treatment groups I, 2, 3, 5

F df p
Groups 16.47 2 < 0.001
Course of morning cortisol 4.01 6 < 0.001
Groups X course 1.22 12 =0.278
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showed a large inter-individual variance. Comparing all five groups
with each other, a statistically significant difference is found between
group 3 and group 1 (p<<0.05) as well as between group 3 and 2
(p<<0.01). Group 4 differs from group 2 significantly (p <0.01). The
difference between group 3 and 4, 7.e. identical patients investigated
at different times, does not reach statistical significance. The differ-
ence between the two independent control groups, however, is statis-
tically significant (group 1 versus group 2; p<<0.05).

2. Counrse of Morning Cortisol Concenirations

The course of the morning cortisol concentrations in group 1, 2,
3, and 5 shows the physiological decline of this hormone. The results
of ANOVA for repeated measurements (Table 1) show a significant
difference of all groups (p<<0.001), possibly due to the differing ini-
tial cortisol concentrations, and a significant change of cortisol con-
centrations during the observed period (p < 0.001). There is no inter-
action of groups and course (p= 0.278), which implies a similar tem-
poral pattern in all groups. The difference between 8 a.m. cortisol
concentrations of group 1 (p<<0.001), 2, 3, 5 (p<0.01), and those at
12 a.m. is statistically significant. Furthermore, the decline between
10 a.m. and 12 a.m. in group 1 is significant (p < 0.05).
. At variance with the groups mentioned above, a different pattern
of morning cortisol is observed under FES in lithium patients. After
an initial fall of cortisol concentrations, a sharp rise of cortisol occurs
at 10 a.m., not corresponding to the physiological decline of this hor-
mone (p=0.002; Fig. 1). Table 2 shows the significant differences of
morning cortisol between patient groups with and without FFS at
11a.m. and 12 a.m. Furthermore, there is a significant (p=0.0013)
difference between group 1 and 4. Table 3 summarizes the findings in
all groups.

3. Blood Glucose Concentration

As fenfluramine is known to produce hypoglycemia, which
again is a common cause for a rise in cortisol concentration, the

Table 2. Significant differences of morning cortisol (p refers to 1l am.; 12 a.m,)
between group 3, 4, 5 (patients with and without FFS (Mann-Whitney-fest)

Group 3 4

4 p<0.01; 0.01 -
5 p<0.05; 0.16 p<0.05; 0.01
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Fig.1. Basal h-cortisol and morning excretion pattern. Lithium treated (MD-Li-
Group; Group 4) vs. untreated manic-depressives (MD-no-Li-Group; Group 5) with
fenfluramine stimulation (FFS) (R+Sg); * p<0.05, ** p<0.01

morning pattern of blood glucose was determined. The average
decline of 9% did not reach statistical significance. It seems very un-
likely that these changes in blood glucose could cause the change of
the cortisol secretion in the different groups between 8 a.m. and
1p.m.

Discussion

Fasting Cortisol Concentrations at 8 a.m.

Platman and Fieve (1968), Platman et al. (1971), Berens and Wolff
(1975), Miiller-Oerlinghausen et al. 1977), Halmi et al. (1978), Czernik
and Kleesiek (1979) did not observe any significant differences of
basal cortisol plasma concentrations in lithium treated manic-depres-
sive patients, although an initial, but transient rise after acute oral
administration was evidenced.

We found a significantly lower basal cortisol concentration in
the lithium treated patients (group 3) compared with both control
groups. Nevertheless, there is a considerable inter- and also intra-in-
dividual variation of cortisol levels; eg the lithium patients re-
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examined three months later (group 4) exhibited this lowered basal
concentration only when compared with control group 2 reflecting
the significant difference of basal cortisol in the control groups
themselves.

The reason for these differences is not clear. However, according
to clinical observations during the FFS it is unlikely that the experi-
mental stress, anticipation of the drug etc. could be responsible for
the hormonal variability.

This variation may cast some doubt on cross-sectional evalua-
tions of basal cortisol concentrations. Differential effects after spe-
cific endocrine stimulation have, therefore, gained considerable
interest at present. Dexamethason-suppression, hypoglycemia, IV
L-tryptophan infusion (Charney et al, 1982, 1984; Heninger et al,
1983), 5-hydroxytryptophan orally (Melizer et al., 1982; Meltzer et al.,
1984) etc. were chosen for the assessment of serotonergic function in
man.

In our ongoing studies on the serotonergic effects of lithium pro-
phylaxis (Miiblbauer and Hardt, 1980; Miiblbauner et al., 1981; Miihl-
bauer and Miiller-Oerlinghausen, 1982, 1984) we used fenfluramine as a
central 5-HT challenge (Garattini and Samanin, 1976; Dubault ¢t al.,
1975, 1979; Clineschmidt et al, 1978; Steranka and Sanders-Bush, 1979,
Orosco et al., 1984). Furthermore, in contrast to other authors (Melizer
et al., 1983, 1984) we took circadian changes of cortisol into account.

Some effects of fenfluramine on the central nervous system con-
sist in anorectic activity (Garattini and Samanin, 1976), mild sedation
(Fink et al, 1971), and controversial influence on mania and depres-
sion (Pearce, 1973; Cockson and Silverstone, 1976; Murphy et al., 1978).

There is conclusive evidence that fenfluramine acts on the sero-
tonergic cell-bodies of the area B 9 of the lateral raphe system (Blun-
dell and Lesheim, 1974; Knapp and Mandell, 1976; Sotelo and Zamora,
1978) with its ascending pathways to the basal ganglia, hypothala-
mus, and limbic system (Rommelspacher and Strauss, 1980). Although
the role of the serotonergic system is far from being elucidated, there
is converging evidence that it has homeostatic and pace maker func-
tions (Aghajanian and Wang, 1978) as well as an important role in the
circadian periodicity of ACTH and cortisol regulation (Mailler ¢t al.,
1977).

The Course of Morning Coriisol Concentrations

After the administration of fenfluramine, no alteration of the
physiological decline of plasma cortisol over the whole period from
8 a.m. to 12 a.m. occurs in both, the healthy controls and the manic-
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depressives without lithium prophylaxis. A significant decrease,
however, between 10 and 12 a.m. can be observed only in the un-
stimulated controls. The fact that this is not observed in the stimulat-
ed controls is due to three subjects signaling a susceptibility to this
kind of serotonergic challenge in some of the healthy subjects.

In contrast to this attenuation of the steepness of the hormonal
decline in group 2, a significant inversion of the course of cortisol
concentration starting at 10 a.m. is found in the lithium patients.
Such effects are not observed neither without stimulation (group 3)
nor in manic-depressives devoid of lithium treatment, but with FFS
(Fig. 1).

Since the prophylaxis and not the underlying illness is the distin-
guishing feature, the increased susceptibility to FES in lithium
patients seems to be due to the lithium treatment. As cortisol release
is regulated not only by serotonergic, but also adrenergic and pos-
sibly cholinergic influences it should be emphasized that fenflur-
amine does neither possess a marked adrenergic nor a cholinergic
effect (Garattini et al, 1975). Because of the questionable importance
of dopamine onto cortisol secretion, its weak dopaminergic effect
can be neglected.

Our findings are in line with the already existing evidence for
serotonergic effects of lithium obtained in animal experiments
(Abluwalia and Singhal, 1981; Broderick and Lynch, 1982; De Montigny
et al, 1981; Eroglu and Atamer-Simsek, 1980; Friedman et al., 1979,
Harrison-Read, 1979; Knapp and Mandell, 1979; Lerer et al, 1980;
Maggi and Enna, 1980; Mandell and Knapp, 1976; Poitou et al., 1974;
Sangdee and Franz, 1980; Swann et al., 1981; Schuberi, 1973; Treiser and
Kellar, 1980; Yuwiler et al., 1979). Effects of lithium on 5-HT uptake in
platelets were demonstrated also in man (Murphy et al., 1969; Born et
al., 1980; Coppen et al, 1980; Corona et al., 1982).

The present study, however, provides strong evidence for central
serotonergic effects of lithium in symptom-free manic-depressive
patients. Our data are in accordance with Meltzer et al. (1983, 1984)
reporting that in acutely ill manic and depressive patients lithium
augmented the cortisol response to 5-hydroxytryptophan. De
Montigny et al. (1983) and Heninger et al. (1983) demonstrated an
increased antidepressant effect when lithium was added to tricyclic
antidepressant treatment. They also discuss a serotonergic mode of
action of lithium.

Conclusions

Since fenfluramine rather selectively stimulates cells of the raphe
system, and lithium seems to potentiate the very subtle effect of FFS



90 H.D. Miihlbauer and B. Miiller-Oerlinghausen

observed in healthy subjects, it can be speculated that lithium also
acts on serotonergic midbrain systems. Due to the auto-regulatory
mechanisms of these 5-HT raphe cells any change of the firing rate
increases or decreases collateral inhibition (Aghajanian and Wang,
1978). Thus, the band-width of this phylogenetically old system is ex-
tremely well-buffered. This may be the reason why unidirectional
effects of lithium on central serotonergic mechanisms, ie. trypto-
phan metabolism (Knapp and Mandell, 1979; Mandell and Knapp,
1976, 1979), changes of receptor sensitivity or density (Bunney and
Garland, 1983) etc. can be observed in long-term treated patients only
by special provocation methods.

Though experimental evidence suggests that lithium affects
simultaneously various specific brain regions and receptor systems,
the putative mechanism of fenfluramine stimulation on one hand, and
the normalizing effect of lithium treatment on elation and depres—
sion on the other hand give rise to the assumption that this simple
alkali-ion also controls the bandwidth of serotonergic midbrain
systems possibly related to manic-depressive illness. Finally, our pre-
liminary results suggest that FES warrants further investigation and
may prove to be a useful tool for the investigation of serotonergic
function in biological psychiatry.
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