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PROLACTIN SECRETION IN MAN: A USEFUL TOOL TO
EVALUATE THE ACTIVITY OF DRUGS ON CENTRAL
5-HYDROXYTRYPTAMINERGIC NEURONES. STUDIES WITH
FENFLURAMINE
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1 Acute oral administration of various doses of fenfluramine, a 5-HT releaser, induced a dose-
related increase of PRL secretion in nine healthy volunteers.
2 Fenfluramine reached the maximum effect on PRL secretion at 4 h after its administration. This
effect was already significant at 2 h and lasted till 8 h.
3 Metergoline, a 5-HT receptor blocker, when administered alone, decreased serum PRL levels in
six healthy subjects. The pretreatment with this drug significantly antagonized the PRL-releasing
action of fenfluramine (60 mg) suggesting that the effect of fenfluramine on PRL release may be
mediated through a 5-HT mechanism in the brain.
4 These findings suggest the possibility that serum PRL levels in humans may represent a useful tool
to evaluate, in vivo, the activity of drugs possessing putative 5-hydroxytryptaminergic properties.
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Introduction

Several reports suggest that brain 5-hydroxytrypta-
mine (5-HT) may play a stimulatory role in regulating
prolactin (PRL) secretion in experimental animals. It
has been reported that 5-HT precursors, such as L-
tryptophan and 5-hydroxytryptophan (5-HTP), signi-
ficantly increased plasma PRL levels in rats (Lu &
Meites, 1973; Marchlewska-Koj & Krulich, 1975)
while substances which deplete brain 5-HT content,
such as p-chlorophenylalanine (PCPA) and 5,7-
dihydroxytryptamine (5,7-DHT), have been found to
decrease PRL secretion in the same animal species
(Quattrone et al., 1978; Wuttke etal., 1977). Recently,
it has also been shown that quipazine and (+)-fen-
fluramine, two 5-HT agonists (Fuxe et al., 1975b;
Garattini et al., 1975; Samanin et al., 1976), signifi-
cantly stimulated PRL release in rats by acting through
a 5-HT mechanism in the brain (Quattrone et al.,
1978, 1979a). Thus the evidence supports the
stimulatory role of central 5-HT neurones in the con-
trol of PRL release. As for the mechanism by which
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brain 5-HT stimulates PRL secretion, studies have
suggested the hypothesis that central 5-hydroxytryp-
taminergic neurones may act indirectly, through an
inhibition of hypothalamic tuberoinfundibular
dopaminergic neurones (TIDA) (Quattrone et al.,
1979b).
The role of brain 5-HT in regulating PRL release in

man is not yet clear. Contradictory results have been
reported with drugs believed to exert a stimulatory
action on 5-HT neurones. Kato et al. (1974) found
that oral 5-HTP administration was able to signifi-
cantly increase PRL release in healthy subjects and
Woolf & Lee (1977) observed a significant elevation
of plasma PRL levels when the administration of
tryptophan was followed by a water load. On the
other hand, Handwerger et al. (1975), Beck-Peccoz et
al. (1976), Wiebe et al. (1977), by giving 5-HT pre-
cursors, failed to show modifications of PRL release.
Similar results have been obtained in man by Parati et
al. (1980) with quipazine, a 5-HT agonist.
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The present experiments were undertaken in order
to further clarify the possible role of central 5-HT
neurones in the control ofPRL secretion. We investi-
gated: (i) the effect of fenfluramine, a potent 5-HT
releaser (Fuxe et al., 1975b; Garattini et al., 1975),
on PRL secretion in healthy volunteers; (ii) the
possibility that changes in serum PRL levels induced
by this drug were mediated through a5-HT mechanism
in the brain.

Methods

All subjects were drug-free healthy volunteers. In-
formed consent was obtained from each of them. All
the experiments were performed in the morning after
an overnight fast.
Blood samples were taken from the antecubital

vein by venepuncture. Serum was immediately
separated and stored at -20°C until assayed.

Dose-response experiment

Nine subjects (six males and three females weighing
60-80 kg), aged 25-30 years, took part in the study.
The women were in their early follicular phase of
normal ovarian cycles.

Fenfluramine (Ponderal, Servier) tablets were
given orally at 09.00 h.
Blood samples were always taken at 09.00 h (time

0) and 13.00 h (4 h). Treatments consisted of five
single oral doses of fenfluramine (2040-60-80-100
mg) which were administered on five different days.
Each experimental day was followed by a 7 days
washing-out period. Baseline values were obtained,
at 09.00 h and 13.00 h, the day before the first drug
administration.

Time-course experiment

Six males (weighing 65-80 kg) aged 27-40 years, took
part in the study. Baseline values were obtained on
day 1; on day 2, subjects received at 09.00 h, after the
last baseline sample was taken, a single oral dose of
fenfluramine (100 mg). Baseline samples were taken
on day 1 at 09.00 h, 10.00 h, 11.00 h, 13.00 h, 17.00 h
and at 09.00 h of the day 2; blood samples after drug
administration were taken at 09.00 h, 10.00 h, 11.00
h, 13.00 h, 17.00 hand at 09.00 h of the day 3.

Fenfluramine-metergoline interaction

Six males (weighing 65-80 kg), aged 27-40 years,
took part in the study. Treatments were given orally
according to the following procedure: day 1, drug-
free; day 2, fenfluramine (60 mg) at 09.00 h; day 3,
metergoline (2 mg, Liserdol, Farmitalia) at 08.30 h;
day 4, metergoline (2 mg) at 08.30 h and then fen-

fluramine (60 mg) at 09.00 h. Each experimental day
was followed by a 3 days washing-out period.
Blood samples were always taken at 09.00 h and

13.00 h.

Analytical procedure

Serum PRL was evaluated by radioimmunoassay
(RIA) (Sinha et al., 1973) using the reagents supplied
by Biodata. The minimum detectable serum PRL was
1.5 ng/ml and the mean coefficient of interassay
variation was 10%.

All samples were analyzed in the same RIA in
order to avoid the interassay variation.

Statistical analysis

The data of the dose-response experiment and the
data of the time-course experiment were analyzed
by ANOVA randomized block design and Duncan's
new multiple range test.
The data of the metergoline-fenfluramine experi-

ment were analyzed by two-way ANOVA and by
Tukey's HSD test.

Results

Dose-response experiment (Figure 1)

No significant difference was found between 09.00 h
and 13.00 h in baseline serum PRL levels (7.2 + 1.1
and 7.5 + 0.9 ngtml respectively). Oral administra-
tion of fenfluramine, 20 and 40 mg, did not produce
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Figure 1 Effect of various doses of fenfluramine on
serum PRL levels expressed as a percentage of the con-
trols. Each column represents the mean±s.e. mean of
nine subjects.
AP < 0.01 when compared with controls (dose 0)
0 P < 0.01 when compared with 60 mg dose
(ANOVA randomized block design and Duncan's new
multiple range test)
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any significant effect on serum PRL levels whereas a
dose-related increase of PRL secretion occurred with
60, 80 and 100 mg doses.

In these experiments no significant difference was
found, at any time, between males and females (data
not shown).

Time-course experiment (Figure 2)

Fenfluramine reached the maximum effect on PRL
secretion 4 h after its administration. This effect was
already significant at 2 h and lasted till 8 h.

Fenfluramine-metergoline interaction (Table 1)

Oral administration of metergoline (2 mg) produced a
significant decrease of serum PRL levels. The pre-
treatment with this drug significantly antagonized the
PRL-releasing action of fenfluramine.

Discussion

The present data show that fenfluramine induces
dose-related increases in serum PRL levels in healthy
volunteers. Fenfluramine is an anorectic drug which
is known to activate 5-HT transmission in the brain
either by stimulating the release of 5-HT or by in-
hibiting the reuptake of this amine at the presynaptic
level (Fuxe et al., 1975b; Garattini et al., 1975). This
drug has been shown to markedly stimulate PRL
secretion in experimental animals by acting through a
5-HT mechanism in the brain. Quattrone et al. (1978,
1979a) have found that the PRL-releasing action
of fenfluramine was abolished in rats pretreated
either with substances aimed at decreasing brain 5-
HT content, such as PCPA and 5,7-DHT, or with
metergoline, a 5-HT receptor blocker (Mawson &
Whittington, 1970; Fuxe etal., 1975a).

In the present experiments, fenfluramine at doses
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Figure 2 Time-course of fenfluramine (100 mg orally)
on serum PRL levels. Solid symbols represent those
values which are statistically significantly different (P <
0.01) from control levels (ANOVA randomized block
design and Duncan's new multiple range test).
Baseline values were obtained on day 1 at 09.00 h, 10.00
h, 11.00 h, 13.00 h, 17.00 h and at 09.00 h of day 2.
Fenfluramine was administered in the same subjects, at
09.00 h of day 2, immediately after the last baseline
sample was taken; blood samples were taken at 1, 2, 4, 8
and 24 h after drug administration.

of 60, 80 and 100 mg, significantly increased serum
PRL levels in healthy subjects whereas it was ineffec-
tive at 20 and 40 mg doses. The peak serum PRL
levels were observed 4 h after oral administration of
fenfluramine. This is in agreement with other studies
(Garattini & Caccia, 1979) showing that peak plasma
fenfluramine levels were observed 4 h after oral
administration of the drug in healthy volunteers.

Metergoline, when administered alone, significantly

Table 1 Effect of metergoline on the increase in serum PRL levels (mean ± s.e.
mean) induced by fenfluramine.

Dose Serum PRL levels
(mg orally) (nglml)

09.00 h 13.00 h

60
2
2
+

60

6.9 + 0.8 7.1 + 0.9
8.0 + 1.1 15.8 + 1.2*
6.8 + 1.0 4.0 + 0.5*

7.1 + 1.1 3.9+0.4**

Each value is the mean + s.e. mean from six subjects.
* =P < 0.01 when compared with the placebo (Tukey's HSD test)
* * =F for the interaction between metergoline and fenfluramine was highly signifi-

cant (P < 0.01 two-way ANOVA)

Treatment

Placebo
Fenfluramine
Metergoline
Metergoline

+
fenfluramine

4'
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decreased serum PRL levels in men. It is well known
that this drug is able to inhibit PRL secretion after
acute or short-term administration in normal subjects
(Ferrari et al., 1976), in puerperal women (Crosignani
et al., 1978) and in most hyperprolactinaemic patients
(Ferrari etal., 1978), this effect being usually attributed
to the block of5-HT receptors in the brain induced by
this drug. In the present study, the pretreatment with
metergoline markedly antagonized the PRL-releasing
action of fenfluramine, suggesting that the effect of
this latter drug on PRL release may be mediated via a
5-HT mechanism in the brain.
Although further information is needed on the

functional link between 5-HT and PRL in the brain,
the present findings indicate that central 5-hydroxy-
tryptaminergic neurones may stimulate PRL secretion
in man.

It is well known that the TIDA pathway tonically
inhibits PRL release both in animals and in humans

(MacLeod, 1976; Langer et al., 1977), and that this
effect is most probably exerted at the pituitary level
(Shaar & Clemens, 1974; MacLeod, 1976). Thus,
dopamine agonists markedly inhibit PRL release
(Smalstig et al., 1974) while dopamine synthesis in-
hibitors or blockers of dopamine receptors all stimu-
late PRL secretion (MacLeod, 1976; Meltzer et al.,
1978). On the basis of these results, the PRL response
test is commonly used in evaluating relative clinical
potency of drugs which interfere with dopaminergic
ueurones. As for 5-HT regulation ofPRL release, our
data suggest the possibility that serum PRL levels in
humans may represent a useful tool to evaluate, in
vivo, the activity of drugs possessing putative 5-
hydroxytryptaminergic properties. Such an approach
is valuable because nearly all the techniques currently
used to measure the effect of drugs on central 5-
hydroxytryptaminergic neurones are not applicable
to humans.
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