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Medical and Biological Research, SANDOZ LTD., Basel

DOPAMINERGIC CONTROL OF PROLACTIN SECRETION

E. FLUCKIGER

Abstract

A brief summary is given about present-day knowledge and views on the control of prolactin
secretion in mammals. This is followed by the presentation of the evidence that dopamine is
the inhibitory hypothelomic transducer controlling hormone release by prolactin cells. Most
of the evidence is pharmacological in nature, It is only very recently that dopamine has
been found in a meaningful concentration in the blood flowing from the median eminence
to the pituitary, Although the dopamine concept of an inhibitory control of prolactin secre-
tion seems quite satisfactory, the possibility of another unrelated inhibitory control system is

not excluded.

Zusammenfassung

MNach einem kurzen Abriss unserer heutigen allgemeinen Kenntnisse und Ansichten uber die
Steuerung der Proloktin-Sekretion bei Sdugetieren folgt eine Darstellung und Diskussion der
Befunde, die auf Dopomin als den Prolaktin sekretionshemmenden Uebertrdgerstoff des Hypo-
thalomus hinweisen. Diese Hinweise sind mehrheitlich pharmakologischer Natur. Erst kirz-
lich gelang der Nachweis, dass Dopamin im Portalblut, zwischen Eminentia mediana und
Hypophysenvorderlappen, in fur die Prolaktinsekretionshemmung genigender Konzentration
vorkommt. Obschon das Dopomin-Konzept der Prolaktinsekretionssteverung befriedigt, ist

das Vorhandensein eines weiteren, andersartig wirkenden Hemmsystems nicht ouszuschliessen.

Proloctin secretion by the mammalian pituitary, in contrast to most other anterior pituitary
hormones, is under a predominantly inhibitory influence of the CNS. Thus the pituitary se-
cretes increased amounts of prolactin if the hypophyseal stalk is severed or if the isolated

pituitary is incubated in vitro,
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PASTEELS (1961) and TALWALKER et al. {1963) were the first to demonstrate the presence of
an extractable fraction in the hypothalemus which, when incubated in vitro with pituitaries,
attenuated the release of prolactin. Thus the CNS exerts its inhibitory influence on prolac-
tin secretion by the release of one or several prolactin inhibitory factors (PIFs) into the hy-
pothalomo-pituitary portal system. NICOLL et al. (1970) and VALVERDE et al. (1972) pro-
duced evidence that the hypothalamus contains in addition extracteble fractions which en~
hance the relecse of prolactin. The CNS may thus exert a stimulatory influence by releasing
one or several prolactin stimulatory factors (PRFs), TRH being the first candidate for such a
function.

Becouse the isolated pituitary secretes prolactin autonomously, physiologists and pharmaco-
logists in general consider the inhibitory aspects of prolactin control more important than

the stimulatory aspects. Qur present-doy understanding of prolactin control in mommals hard-
ly considers the possible involvement of PRFs but explains changes in prolactin secretion
mainly by modulation of the inhibitory tone.

The neuronal network which controls the secretion of prolactin comprises cholinergic, nor-
adrenergic, serotoninergic, GABA-ergic and dopaminergic elements ({CLEMENS 1978). Disra-
garding control mechanisms for PRF, the final common pathway is composed of dopeminergic
neurones plus presumab ly postsynaptic neurones producing PIF. The dopaminergic neurones
belong to the group of tubero~infundibular neurones which terminate in the median eminence
adjacent to the primary capillary plexus of the portal vessels connecting the median eminen-
ce and the anterior pituitary. Although there are many questions implicit to such a neuronal
network, we shall concentrate on the dopaminergic control of prolactin secretion.

VAN MAANEN and SMELIK postulated in 1968 that the tubero-infundibular neurones could
exert their inhibitory control on prolactin secretion "via the release of the inhibitory neuro-
transmitter into the portal vessel system". Thus prolactin secreting cells are postulated to
have moncamine receptors which when stimulaoted depress prolactin secretion.

The pharmacological evidence for the existence and characterization of such inhibitory mo-
noamine receptors is as follows. MACLECD and LEHMEYER (1972) using incubated rat pitui-
tary fragments, demonstrated that dopomine, 1-noradrenaline, 1- and d-adrenaline inhibit
prelactin release, but that metanephrine and 3,4-dihydroxymandelic acid are inactive at
10_5M. Dopamine was found to be more active than noradrenaline and ta be active even at
10-9M. CLEMENS (1976) found dopamine to be at least 10 times more potent than rnoradren-
aline in dose=response studies in vitro. The inhibitory action of dopomine on prolactin secre-

tion can be antagonized in vitro by drugs known te block catecholamine receptors. MACLEOD
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and LEHMEYER (1974a) found phentolamine ot 4x10-5M to antagonize only weakly the acti-
on of 5xTG-?M dopamine on rat pituitary fragments, but perphenazine antagonized dose-de-
pendently the inhibitory action of SxID—?M dopamine at concentrations between 10_9 and
10" "M, Perphenazine alone did not influence prolactin secretion. Haloperidel and pimeozide
acted similarly to perphenazine (MACLECD and LEHMEYER 1974b; MACLEOD 1976). These
observations favour the idea that dopamine receptors are involved in the inhibitory action of
dopamine on prolactin release. A further approach to the characterization of the prolactin
secretion inhibitory receptors was made by the use of dopaminomimetic drugs instead of the
labile biogenic amines. It was found that apomorphine also inhibits prolactin release in vitro
{(MACLECD and LEHMEYER 1974a). This effect is antagonized by pimozide but not by phen-
tolamine or propranclol (SHAAR and CLEMENS 1974), indicating that o-adrenoceptors and
B-odrenoceptors are probably not invelved in the apomorphine effect, but that dopamine re-
ceptors are. In addition, certain ergot alkaloids and their derivatives have been used success-
fully to inhibit the relecse of prolactin from pituitary fragments or cells (PASTEELS et al.
1971; LU et al. 1971; MACLEOD and LEHMEYER 1972; TASHJIAN ond HOYT 1972). The
inhibitory action of 3x10-?M a-ergokryptine was antagonized dose ~dependently by 2,5x
10-9M haloperidol (MACLEQD and LEHMEYER 1974a). Similar antogonisms were noted with
bromocriptine plus haloperidel {(MACLECD, personal communication}, as well as with lergo~
trile plus pimozide, but not with lergotrile plus phentclamine or lergotrile plus propranclol
(CLEMENS 1978). Thus there is clear pharmacological evidence that prolactin cells are
equipped with dopamine receptors, stimulation of which leads to attenuation of proloctin re-
lease. Further evidence of dopamine receptors on pituitary cell membrones was provided re-
cently by ligand binding studies by LABRIE's group using cell membranes isolated from beef
pituitaries. Membrane bound {EH}-dihydroergakr}rpﬁne was disploced competitively by halo-
peridol, both compounds showing similar affinity to the binding sites. The affinities of phen-
tolomine and propranclol were several orders of magnitude lower thon that of haloperidol
(CARON et al. 1976).

It is thus evident that the end-apparatus for o dopaminergic inhibitery control of prolactin
secretion exists. What is then the evidence that dopamine is released in the median eminen~
ce to act at the pituitary as the physiological inhibitory transmitter in the sense of the hypo~
thesis of VAN MAANEN ond SMELIK (1968)?

It seems clear from the receptor studies described above that any hypothalamic extract con-
taining catecholamines will show prolactin inhibitory activity when incubated with pituitary

fragments. Accordingly SHAAR and CLEMENS {1976} noted a close correlation between pro-
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lactin inhibitory activity in hypothalamic extracts ond their catecholamine content, Unfor-
tunately such findings cannot prove the physiological role of the catecholamines. SCHALLY's
group (TAKAHARA et al, 1974) First showed that dopamine, freshly prepared in isotonic glu-
cose solution, suppressed prolactin secretion when infused into the hypothalamo=pituitary
portal system of the rat. Recently PCRTER's group (BEN-JONATHAN et al. 1977) pointed
out that whereos noradrenaline is the majeor catecholamine in the hypothalamus, depamine is
the catecholamine present in portal blood, The highest dopamine concentration measured
was 18 - 19 ng/ml plasma or about 1,3)(10_?M. Dopamine incubated at this concentration
with pituitary fragments produced near maximal inhibition of prolactin release in the expe-
riments reported by MACLEQD (1976) and CLEMENS (1976). Thus for the first time there is
evidence for dopamine travelling Tn a meaningful concentration in the blood flowing from
the median eminence to the pituitary. The results of the work by PORTER's group may be ta-
ken as good evidence that the tubero-infundibular neurones which end in the vicinity of the
capillaries of the primary portal plexus are capable to releacse dopomine in such amounts
that it could act as PIF on the prolactin secreting cells.

Summarizing, we can state that VAN MAANEN and SMELIK's (1968) original hypothesis of
a direct monoaminergic inhibitory control of prolactin secretion by the hypothalamus via the
portal system is well substantiated by the demonstration of a dopamine-sensitive inhibitory
apparatus for prolactin release on the prolactin cells, and by the demonstration of dopamine
in meaningful concentrations in portal blood. We might conclude that there is no necessity
to postulate the existence of PIF other than dopamine, However, recent findings suggest that
ot least one other factor may be involved. SCHALLY's group (SCHALLY et al. 1977) working
with hypothalamic extracts with PIF-like activity but devoid of catecholomines have recent~
ly succeeded in identifying the active principle as GABA. In vitro inhibition of prolectin
secretion by GABA which, on a molar basis, seems much less potent than dopamine (ARIMU-
RA and SCHALLY 1977) could not be antagonized by perphenazine. GABA then acts on the
prolactin secreting cell but not by stimulating a catecholamine receptor. We are thus faced
with the likelihcod of o second inhibitery system, probably unrelated to the dopaminergic

contrel mechanism.
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