BRAIN MONOAMINES PARTICIPATION IN THE
CONTROL OF GROWTH HORMONE SECRETION
IN DIFFERENT ANIMAL SPECIES

EuGeENIO E. MULLER
Second Chair Department of Pharmacology, University of Milan, Italy

A LARGE body of evidence has recently been accumulated for the involvement of
brain monoamines in the control of growth hormone (GH) secretion. While there
seemed to be sufficient proof of the existence of a dual neurohormonal control of the
secretion of this hormone from the anterior pituitary exerted by specific GH-releasing
(GRF) and inhibiting (GIF) factors (1), information was still scanty regarding the
possible neural influences impinging on the neurosecretory structures responsible
for the elaboration of the releasing factors. The introduction of a fluorescence method
for the histochemical localization of the neurotransmitters (2) was a turning point in
the understanding of their physiological role in the release of anterior pituitary
hormones.

This article is an attempt to consisely review the present status of knowledge on
the participation of central nervous system (CNS) dopamine (DA), norepinephrine
(NE) and serotonin (5-HT) in the control of GH secretion in different animal species.

STUDIES IN RODENTS

The first neuro-pharmacological studies performed in the rat showed that drugs
endowed with anti-adrenergic effects (reserpine, chlorpromazine, tetrabenazine,
«-methyl-m-tyrosine, «-methyl-dopa) were capable of blocking the release of GH
induced by insulin hypoglycemia (tibial plate bioassay) (3,4). Administration of
NE and DA into the lateral ventricles of normal and hypophysectomized rats to
circumvent the blood brain barrier to catecholamines (CA) (5) was followed by
decreased GH levels in the anterior pituitary and by depletion of hypothalamic
GRF.

Central injection of 5-HT was ineffective (6,7). When given intraventricularly
(IVT), NE induced a depletion of pituitary GH activity at doses at which DA was
ineffective; this finding suggested a role for NE as the synaptic transmitter for the
release of GRF (7). Subsequent development of radioimmunological (RIA) tech-
niques for the measurement of rat GH in the plasma (8), revealed discrepancies
between RIA and bioassay (BA) data (9) and affected conclusions in neuropharmaco-
logical studies of GH regulation in the rat. In this connection, CoLLU ef al. (10)
reported a reduction of plasma GH levels after IVT administration of DA and a
highly significant rise following central injection of 5-HT. KAto0 ef al. (11) observed
a significant increase in plasma GH after systemic administration of either phentola-
mine, an «-adrenergic blocker, or isoproterenol, an adrenergic f-stimulant drug.
No increases were detected in response to L-dopa, the immediate biological precursor
of both DA and NE (12).

A recent re-investigation of the role of brain monoamines in the control of GH
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secretion in the rat by using the RIA technique has been undertaken. (CoccHi et al.,
paper in preparation). These studies assigned a negative role for DA but no
confirmation could be obtained for the stimulatory action of 5-HT. This role seems,
instead, to be played by NE. Thus, administration of FLA-63, a selective blocker
of NE biosynthesis (13), lowered plasma RIA-GH, while central sympathectomy by
6-hydroxydopamine (6-OHDA) or systemic administration of «-methyl-p-tyrosine
(x-MT), procedures which affect both the noradrenergic and the dopaminergic
function (14,15), did not modify plasma RIA-GH. The previous findings on the
stimulatory role of DA on GH release (BA method) might be accounted for the high
rate of conversion of IVT-injected DA to NE present at hypothalamic level (16).

In mouse, a species which appears particularly refractory to GH-releasing stimuli
(17), SINHA et al. (18) observed a dramatic decrease in the serum GH levels following
systemic administration of either DA or L-dopa and reduced levels were also present
after intraperitoneal injection of epinephrine (E). Conversely, central administration
of 6-hydroxydopamine markedly increased circulating GH levels (MULLER et al.,
unpublished data).

PIG, SHEEP AND DOG

Data on the involvement of brain amines in the regulation of GH secretion in
the pig are rather scanty. In this species, in which the response to GH-releasing
stimuli appears to be blunted, no rise in plasma GH has been reported following
subcutaneous injection of 1 mg of epinephrine; equally ineffective in this context,
was peripheral administration of NE (19). In the sheep, plasma levels of GH were
constantly low during an intravenous infusion of E and the plasma GH response to
arginine infusion was abolished. Plasma non-esterified fatty acid (NEFA) levels
were greatly increased during the 3 hr period of epinephrine infusion (20). Intra-
carotid infusion of phenoxybenzamine, an «-adrenergic blocker, resulted in a late
increase in plasma levels of GH in mature cyclic ewes and produced additive effects
when combined with an arginine stimulus. Infusion of L-dopa by itself had no effect
on plasma levels of GH, but suppressed the expected increase of GH due to arginine
(21). In the dog, intravenous L-dopa administration induced instead, a brisk increase
in growth hormone levels, which was inhibited by phenoxybenzamine given intra-
ventricularly (22).

PRIMATES

Monkey

Single injections of large doses of epinephrine provoked a marked and prompt
increase in the plasma GH levels of female rhesus monkeys (23).

Studies conducted in conscious fasted baboons showed that a-adrenergic blockade,
resulting from intravenous infusion of phentolamine, significantly depressed GH
secretion, while f-adrenergic blockade with propranolol and ganglionic blockade
with trimetaphan were associated with a significant prompt rise in GH. The observed
GH changes seemed not to be associated with alterations in plasma glucose or NEFA
levels, although, lowered plasma NEFA and glucose levels were present following
propranolol administration (24). Infusion of much smaller doses of phentolamine
directly into the third ventricle or anterior hypothalamus evoked a similar fall in
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TABLE 1.
Route of
Drug species administration «-Dosage« Effect References
iv. 5-40 ug/kg t 23
Epinephrine s.C. 10 uglke - 51
iv. 0-14 pg/kg/min — 35
IVT 1 pg/min/30 min — 27
Norepinephrine rr;:ﬁn(')on\rlxﬁc;f d 10ug ! 26
iv. 0-05-0-2 ug/kg/min — 36
Methyl-amphetamine Human iv. 15 mg/5 min t 46
Dopamine IvVT Sug ! 27
L-Dopa p.o. 500-1000 mg t 30
Apomorphine s.Cc. 0-75-1-5mg 1 38
iv. 0-013 mg/kg/min } 24
IVT 1-5 ug/min/30 min J 25
iv. 0-5 mg/min/75 min  inhibits L-dopa 32
iv. 0-5 mg/min/90 min  inhibits insulin
hypoglycemia 33
Phentolamine iv. 0-5 mg/min/90 min  inhibits vasco- 52
pressin
iv. 3-5 mg/50 min inhibits propra-
nolol + E 36
Lv. 0-5 mg/min/120 min  no effect on GH 53
sleep peak
i.v. 0-5 mg/min/120 min  inhibits arginine 54
i.v. 0-011 mg/kg/min ) 24
iv. 0-21 mg/kg/10 min - 35
iv. 0-20 mg/kg/120 min 1 34
Propranolol IR 0-15 mg/kg/few min  potentiates am-
phetamine 46
iv. 0-15 mg/kg/few min  potentiates
insulin hypo-
glycemia 33
iv. 0-21 mg/kg/10 min
Propranolol + E 0-07-0-14 pg/kg/min/ 4 35
30 min
Timoxamine iv. 0-1 mg/kg potentiates am-
phetamine 46
. p-o. 2mg attenuates insulin
Haloperidol hypoglycemia 42
Chlorpromazine p.o. 100 mg } 43
Serotonin Monkey microinjected 10 ug - 26
into YMN
t 44
5-hydroxytriptophan Human p-o. 150 mg 1 45
p-o. 70 mg/kg slight increase Author’s
Tryptophan unpublished
data

— means no effect
} means stimulation

1 means inhibition

* Patients with carcinoid syndrome
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GH (25). To exclude the possibility that centrally-administered phentolamine was
acting systemically to lower GH, the blocking agent was infused into the abdominal
inferior vena cava. It was necessary to infuse a dose 2 to 4 times greater to lower GH
significantly (25). These data suggested the existence in the CNS of the baboon of
a-adrenergic receptors regulating GH secretion. It was gratifying to observe that NE
microinjected into the ventromedial nucleus of the hypothalamus consistently elev-
ated GH in conscious baboons. Micro injections of 5-HT in the same area did not
elevate GH (26). In contrast to central administration of NE, intrahypothalamic
infusion of DA lowered plasma GH, while NE and isoproterenol given systemically
induced no change in the hormone level (27).

Human

In man the infusion ot epinephrine in doses sufficient to produce significant
hyperglycemia did not provoke GH secretion, nor blunt arginine-stimulated GH
release (28,29). The poor penetrability of the blood-brain barrier by CA was cir-
cumvented by administering L-dopa, a drug that easily crosses the blood-brain barrier
and increases brain levels of both DA and NE (12). The results obtained showed
that moderate doses of L-dopa caused a significant rise in plasma GH levels in patients
with parkinsonism, requiring gram amounts of the substance (30) as well in normal
subjects (31). The stimulatory effect on GH secretion by L-dopa was not blocked by
either oral or intravenous glucose (30), but was reduced or potentiated respectively,
by the concomitant infusion of phentolamine (32) or propranolol (Massara and
CAMANNI, unpublished results), stressing the involvement of adrenergic « and f-
receptors in the regulation of GH secretion. In line with these findings, previous
studies had shown that blockade of «-adrenergic receptors by phentolamine in man
prevented the increase in plasma GH that follows insulin-induced hypoglycemia in
normal subjects. In contrast, f-adrenergic receptors blockade by propranolol
augmented the levels of GH in hypoglycemic subjects, although this was associated
with increased hypoglycemia and a decrement in NEFA (33).

However, in this study neither « nor f-adrenergic blockade had a detectable
effect in the absence of hypoglycemia, although a stimulant effect was reported for
propranolol alone in Japanese subjects (34). Systemic infusions of propranolol
combined with epinephrine resulted in increased GH levels (35). In this instance the
stimulatory effect of epinephrine on plasma HGH in the presence of propranolol
was the result of an unopposed a-receptor activity, since f-stimulation would be
expected to inhibit GH secretion. Accordingly, the epinephrine-propranolol stimu-
lation was blocked by phentolamine (36). In addition to L-dopa, apomorphine a
direct stimulant of DA receptors (37) induced a rise of HGH (38), an effect which is
compatible with a dopaminergic mechanism in the release of HGH. In this line are
the observations that diethyldithiocarbamate, a blocker of NE biosynthesis (39) did
not prevent the HGH rise due to L-dopa (GIORDANO, MINUTO, MARUGO, BARRECA,
FoppiaN, personal communication) and that haloperidol or chlorpromazine, two
neuroleptic drugs mainly antagonistic to DA (40,41) blunted the insulin-induced
HGH rise (42,43). '

With regard to 5-HT, although increased GH levels have been found in plasma
of patients with excessive 5-HT secretion due to the carcinoid syndrome (44) or
following administration of the biological precursor, 5-hydroxytriptophan (45),
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much more information is needed before its role in the GH-releasing mechanism(s)
can be definitely assessed. In our hands, the stimulatory effects of large amounts of
triptophan on HGH secretion appeared to be slight and rather erratic (MULLER,
BrAMBILLA, CAVAGNINI, PERACCHI, PANERAI, unpublished results).

Table 1 deals with the effects of drugs altering brain monoamines on GH secretion
in primates.

CONCLUDING REMARKS

The studies mentioned are without doubt compatible with the view of brain
monoamines intervention in the process of GH secretion; however, some aspects of
this neurohumoral control are still unclear and warrant further investigations. In the
rat it seems probable that the two adrenergic neurotransmitters NE and DA exert a
dual effect on the secretion of RIA-GH, the former having a stimulatory influence,
being inhibitory the latter. This concept is in line with the demonstration of both
GRF and GIF factors in the rat hypothalamus. In the mouse the central DA tone
seems to be predominant : in fact, concomitant reduction of both NE and DA due to
6-OHDA, resulted in increased GH levels in this species. No major role seems to be
played by 5-HT, although data are discordant in this regard.

In the pig and the sheep the available evidence is rather scanty and the results
available, if ever, favour an inhibitory role for NE (phenoxybenzamine administration
in the sheep). The proof presented for an inhibitory role of the adrenergic system in
these species is questionable since it is mainly based on the effect of systemic adminis-
tration of high doses of epinephrine, a drug which does not cross appreciably the
blood-brain barrier and might be capable to induce the observed effects through the
feedback action of increased NEFA levels. This same observation also applies to
some of the results obtained in rodents or the human following systemic administra-
tion of this adrenergic compound. In the dog the few available data point to a
stimulatory role of the adrenergic system in the control of GH.

The same dual role for NE and DA present in the rat seems to extend to the
monkey, a species in which the stimulant action of NE on GH release is particularly
well documented as well as the inhibitory effect of «-adrenergic blockers. However, the
inhibitory effect of DA in this species rests on a single experiment and confirmation
of this point would be desirable.

In the human, the evidence available is compatible with the hypothesis that
both NE and DA serve as neurotransmitters controlling GH release. The fact that
L-dopa administration causes a GH rise is not “‘per se’* proof of a stimulant role of
DA, since L-dopa could act to increase NE levels in the hypothalamus or limbic
system and this effect would mediate GH release. Quite interestingly in fact, both
phentolamine and propranolol interacted with the effect of L-dopa. However,
suggestions for a direct stimulation of DA receptors in the release of GH come from
the reported stimulant action of apomorphine, the persistence of L-dopa activity
following blockade of NE synthesis and the suppressive effects of antidopaminergic
drugs. The likelihood of a dopaminergic mechanism in GRF control is also supported
by the effectiveness of amphetamine derivatives to stimulate HGH secretion, and
action which is not suppressed by the o blocker, thymoxamine (46). It is known, in
fact, that some of the central effects of the sympathomimetic amines result by an
enhancement of DA receptor activity (47).
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The possibility that the stimulatory effect of L-dopa on GH secretion in the human
might be due to a final activation of a serotoninergic receptor, for a displacement of
the brain indoleamine from vesicular stores (48), is appealing. It appears, however,
rather unlikely on considering the very high doses of L-dopa necessary to elicit this
effect in the laboratory animal (49) and the limited action of serotonin as GH releaser.
Stricly connected with the nature of the transmitter(s) and still unresolved is the
problem of its (their) site of action in the brain, a problem, which for reasons of
economy cannot be discussed here. Several loci have been proposed at which
monoamines might participate in the control of secretion from anterior pituitary
(50).
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