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Abstract

Introduction: Previous in vivo and in vitro studies have shown that melatonin changes vasopressin (AVP) and oxytocin (OT) secretion

from the rat neurohypophysis. Additionally, melatonin is known to inhibit the forskolin-induced (forskolin is a strong adenylyl cyclase -

AC activator) increase in cAMP accumulation in the rat pituitary. To determine whether the possible response of vasopressinergic and/or

oxytocinergic neurones to melatonin could be mediated through a cAMP-dependent mechanism, the effect of different concentrations of

melatonin (i.e. 10", 10?, 107, 10° and 10 M) on forskolin-stimulated AVP and OT release from the rat hypothalamo-neurohypophysial

(H-NH) system was studied in vitro.

Materials and methods: Male rats served as donors of the H-NH explants, which were placed in 1 mLof normal Krebs-Ringer fluid

(nKRF), heated to 37°C and constantly gassed with carbogen (95% O, and 5% CO,). The H-NH explants were incubated successively in

nKRF {fluid B1} and incubation fluid as B1 enriched with an appropriate concentration of melatonin, i.e. 10! — 10° M and/or forskolin

(at a concentration of 10° M) or their vehicles (0.1% ethanol or DMSO) {fluid B2}. After 20 min incubation in fluid B1 and next B2, the

media were collected and immediately frozen before AVP and OT estimation by the RIA. The AVP and OT secretion was determined by

using B2/B1 ratio for each H-NH explant.

Results: We have demonstrated that the highly effective AC activator — forskolin significantly stimulated both AVP and OT release from

isolated rat H-NH system. Such an effect of forskolin was reduced by melatonin at concentrations of 10, 107 and 10 M. The strongest

effect was exerted by this hormone at a concentration of 107 M, which inhibited not only forskolin-stimulated, but also basal, AVP and

OT release. On the contrary, the highest studied concentration (i.e. 10° M) of melatonin stimulated both AVP and OT basal release, but

when forskolin was present in the medium melatonin at such a concentration remained inactive in modifying these hormones release

from the H-NH system in vitro.

Conclusions: Our present results demonstrate that in the male rat:

1. Theinfluence of melatonin on the vasopressinergic and oxytocinergic neurones activity is mediated partly through a cAMP-dependent
mechanism.

2. The effect of melatonin in this respect depends on its concentration. (Endokrynol Pol 2014; 65 (2): 125-131)
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Streszczenie

Wstep: Wezesniejsze badania wykazaly, ze melatonina modyfikuje proces uwalniania wazopresyny (AVP) i oksytocyny (OT) zaréwno in
vivo, jak in vitro. Ponadto stwierdzono, ze melatonina hamuje indukowana forskoling (forskolina jest silnym aktywatorem cyklazy ade-
nylanowej, ktérej pobudzenie zwigksza synteze cAMP) akumulacje cAMP w przysadce szczura. Aby okresli¢ czy cAMP posredniczy we
wplywie melatoniny na czynnos$¢ wydzielnicza neurondéw wazopresynergicznych i/lub oksytocynergicznych zbadano wplyw réznych
stezeni tego hormonu (tj. 10", 10, 107, 105, 10® M) na wywolane stosowaniem forskoliny uwalnianie AVP i OT z ukladu podwzgérze -
cze$¢ nerwowa przysadki (H-NH) szczura in vitro.

Material i metody: Po wyosobnieniu z mézgu, uklad H-NH umieszczano w probéwkach zawierajacych 1 mL plynu Krebsa-Ringera
(K-R) ogrzanego do temperatury 37°C oraz nasycanego mieszaning karbogen (95% O,i5% CO,). Po okresie rownowazenia, do probéwek
dodawano normalny plyn K-R {plyn B1}, a nastepnie ptyn Bl zawierajacy dodatkowo rozpuszczalnik melatoniny (0.1% etanol) lub jej
roztw6r w odpowiednim stezeniu, tj. 10" — 10° M i/lub forskoline (w stezeniu 10 M), badz jej rozpuszczalnik (0,1% DMSO) {ptyn B2}.
Po inkubacji uktadu H-NH w kazdym z roztworéw (B1 i B2) przez 20 min plyn inkubacyjny pobierano i natychmiast zamrazano do czasu
oznaczenia w zebranych prébkach zawartosci AVP i OT metoda RIA. Stopiefi uwalniania AVP i OT z ukladu H-NH in vitro wyrazano
jako stosunek B2/B1.

Wyniki: Wykazano, ze forskolina istotnie zwieksza uwalnianie AVP i OT z uktadu H-NH do plynu inkubacyjnego in vitro, natomiast
melatonina (w stezeniach 10, 107 i 10° M) efekt ten istotnie ogranicza. Najsilniejszy efekt hamujgcy melatonina wywiera w stezeniu 107
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M, hamujac nie tylko pobudzane forskoling, ale takze podstawowe uwalnianie obydwu neurohormonéw. Przeciwnie, w stezeniu 10° M
melatonina istotnie nasila wydzielanie AVP i OT do plynu inkubacyjnego, natomiast nie zmienia pobudzanego stosowaniem forskoliny

ich uwalniania.
Whioski: Wyniki tych badan sugeruja, ze:

1. W mechanizmie wplywu melatoniny na sekrecyjna aktywnos¢ neuronéw wazopresynergicznych i oksytocynergicznych u szczura

ma znaczenie cAMP,

2. Efekt ten zalezy od stezenia melatoniny. (Endokrynol Pol 2014; 65 (2): 125-131)

Stowa kluczowe: wazopresyna; oksytocyna; forskolina; melatonina
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Introduction

Melatonin, discovered as a hormone produced by the
pineal hormone, is now well known to be synthesised
in various organs and tissues. One of the richest sources
of melatonin in the organism is the gastrointestinal tract
(GIT), which produces several hundred times more
melatonin than the pineal gland, and where melatonin
demonstrates several advantageous, but rather local,
effects (e.g. gastroprotective and liver-protective ac-
tions) under the conditions of health and disease [1-3].
Produced by the pineal gland, melatonin is released
into the general circulation as well as directly into the
cerebrospinal fluid, and influences the function of nu-
merous structures in the central nervous system [4-5]
and the pituitary, both anterior [6-7] and posterior [8]
part of the gland.

Melatonin has been shown to influence the activ-
ity of hypothalamic supraoptic (SON) and paraven-
tricular (PVN) nuclei and modify vasopressin (AVP)
and oxytocin (OT) synthesis and release under dif-
ferent experimental conditions, both in vivo and in
vitro. However, data is not consistent and shows that
the effect of melatonin on AVP or OT release from the
hypothalamus and/or neurohypophysis depends on
the concentration of the hormone, the time of day,
and the species of animal used as donors of a tissue
for the in vitro studies [8]. As early as 1979, melatonin
was reported to stimulate AVP secretion from the rat
neurohypophysis in a dose-dependent manner [9].
Later in vitro studies have shown that this hormone
was able to stimulate the release of both AVP and OT
from isolated neurointermediate lobe of sham-op-
erated (i.e. not pinealectomised) or pinealectomised
rats when used at relatively high concentrations
(10° M and 10 M), but at a concentration of 107 M
it was ineffective [10]. In contrast to these observa-
tions, Yasin et al. [11] showed that melatonin had an
inhibitory effect on both AVP and OT release from
isolated rat hypothalamus, with maximal inhibition
at 107 M. In addition, the effect of melatonin on the
neurohypophysial hormones secretion was found
to depend on the light:dark cycle and could be seen
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only during the day [12]. When Syrian hamsters were
used as donors of the tissue, the inhibitory effect of
melatonin on AVP and OT secretion from the neu-
rointermediate lobe was also noted [13]. Since me-
latonin has been shown to have either a stimulatory
or an inhibitory influence, or to be without effect on
AVP or OT secretion from isolated hypothalamus or
neurointermediate lobe, the primary purpose of the
present study was, therefore, to investigate whether
melatonin affects the in vitro release of AVP and OT
from isolated rat hypothalamo-neurohypophysial
system in a dose-dependent manner. This is the first
time this has been investigated.

The intracellular mechanism of melatonin action
involves the inhibition of calcium influx and calcium
mobilisation from intracellular stores, as well as the
inhibition of an adenylyl cyclase (AC)-dependent rise
in cyclic adenosine monophosphate (cAMP) produc-
tion [14-16]. Melatonin has been shown to inhibit the
forskolin-induced (forskolin is a strong AC activator)
increase in cAMP accumulation in the rat pituitary
[14-15]. Moreover, forskolin has been found to elicit
an increase in cAMP accumulation in the rat hypotha-
lamic SON and in the neural lobe of the pituitary in
vitro [17] and cAMP-dependent stimulation of AVP and
OT release from the posterior pituitary has also been
described [18].

The second purpose of the present study was, there-
fore, to investigate whether the forskolin-stimulated
secretion of AVP and OT from the rat hypothalamo-
neurohypophysial system in vitro could be modified
by melatonin and whether such an effect depends
on a concentration of the hormone in the incubatory
medium.

Material and methods

Animals

Three-months old male Wistar rats (weighing about
220-350 g), maintained in a light:dark cycle 12L:12D
(lights on from 6 a.m.), at a constant temperature
(+22°C), with standard pelleted food and water avail-
able ad libitum, were used for the experiments.
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Drugs

Melatonin (N-acetyl-5-methoxytryptamine), forskolin
and dimethyl sulfoxide (DMSO) were obtained from
Sigma-Aldrich Chemie GmbH. The AVP (Vasopressin
synth.) and OT (Oxytocin synth.), for standard curve
preparation as well as for iodination with '*I, were
from Peninsula Laboratories Europe Ltd. The anti-AVP
and anti-OT antibodies were raised by dr hab. Monika
Orlowska-Majdak (Department of Experimental Physi-
ology, Chair of Experimental and Clinical Physiology,
Medical University of Lodz).

Experimental procedure in vitro

On the day of the experiment, the animals were decapi-
tated between 9:30 and 10:30 a.m. The brain together
with the pituitary was carefully removed from the skull,
and a block of tissue containing the hypothalamus was
isolated as previously described [19]. After dissection,
the hypothalamo-neurohypophysial (H-NH) explant
was placed in a polypropylene tube with 1 mL of nor-
mal Krebs-Ringer fluid (nKRF) heated in a water bath
to 37°C and constantly gassed with carbogen (95% O,
and 5% CO,). The nKRF contained: 120 mM NaCl, 5mM
KCl, 2.6 mM CaCl,, 1.2 mM KH,PO,, 0.7 mM MgSO,,
22.5 mM NaHCO,, 10 mM glucose, 1.0 g/L bovine se-
rum albumin and 0.1 g/L ascorbic acid (pH = 7.4-7.5,
osmolality within the range 285-295 mOsm/kg). At the
beginning of the experiment, the H-NH explants were
equilibrated in 1 mL of nKRF (2 X 40 min), the media
were aspirated and removed. After 80 min of such pre-
incubation, which is necessary for stabilisation of AVP
and OT release [11], explants were incubated for 20 min
in 1 mL of nKRF {fluid B1} and then, for the next 20
min, in 1 mL of KRF supplemented with the studied
substance(s) or their vehicle {fluid B2}.

Series I

The aim of the first series was to examine the effect of
different concentrations of melatonin on AVP and OT
release fromisolated rat hypothalamo-neurohypophy-
sial (H-NH) system. Explants were therefore incubated
successively in: (i) nKRF {fluid B1} and (ii) nKRF alone
(control group) or KRF enriched with melatonin vehicle
(0.1 % ethanol; VEH group), or an appropriate concen-
tration of melatonin, i.e. 10, 10?, 107, 10®° or 103 M (n:
number of samples per group, n = 7) {fluid B2}.

Series 11

In series II, the influence of melatonin on forskolin-
induced AVP and OT release from isolated rat hypo-
thalamo-neurohypophysial (H-NH) system was tested
in vitro. The experimental protocol was similar to that
of series I. Therefore, after incubation in nKRF {fluid
B1}, explants were next incubated in one of the follow-

ing media: KRF enriched with forskolin vehicle (0.1%
DMSO) or forskolin solution at a concentration of 10
M, or KRF supplemented with forskolin and melatonin
with an appropriate concentration, i.e. 10, 10, 107,
105 or 10° M (n = 8) {fluid B2}.

In both series, directly after each incubation period,
the media (i.e. fluids B1 and B2) were aspirated, imme-
diately frozen and stored at —20°C until AVP and OT
estimation by radioimmunoassay (RIA).

To determine basal and forskolin-induced AVP and OT
secretion in vitro, the B2/B1 ratio was calculated for each
H-NH explant. The results are expressed as B2/B1 ratio,
because the amount of the neurohormone released into
the medium varies from one H-NH explant to the other.

The experimental procedures were done with the
consent (No. 19/LB 516/2010) of the Local Committee
for Animal Care.

Radioimmunoassay of AVP and OT

The AVP and OT concentrations in all samples were
assayed in duplicate by a specific RIA described previ-
ously [19-20]. Arginine vasopressin and oxytocin were
iodinated with "*I using the chloramine-T method. The
final dilution of anti-AVP antibodies was 1:24,000. Cross
reactivity for these antibodies with oxytocin was 0.016%,
with lysine vasopressin —2.7%, and with GnRH, TRH,
leucine enkephalin, angiotensin II and substance P —
less than 0.002%. The lower limit of detection for the
assay was 1.56 pg AVP per tube. The intra- and inter-
assay coefficients of variation for AVP assay were less
than 3.5% and 6.5%, respectively. The OT antibody
titre was 1:80,000 (final dilution), and the lower limit
of detection was 3.12 pg OT per tube. The intra- and
inter-assay coefficients of variation for OT assay were
less than 5.0% and 8.5%, respectively.

Statistical evaluation of the results

The neurohypophysial hormone release in vitro is finally
expressed as a percentage of the control (Figs. 1A and 2A)
or DMSO (Figs. 1B and 2B) value. All results are reported
as mean =+ standard error of the mean (S.E.M.). Signifi-
cance of the differences between means was evaluated
by one-way analysis of variance (ANOVA) followed by
Student’s t-test (for two means comparison); p < 0.05was
considered as the minimal level of significance.

Results

Series 1

Melatonin at a concentration of 107 M inhibited sig-
nificantly basal AVP and OT secretion from isolated rat
H-NH explants. When other concentrations of the hor-
mone,i.e. 10",10° or 10° M, were present in the buffer,
the AVP and OT output from the H-NH explants was
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Figure 1. The effect of melatonin, at the concentrations of 10 — 10 M, and forskolin (Forsk.), at a concentration of 10° M, on basal
(A) and forskolin-stimulated (B) vasopressin (AVP) release from the rat hypothalamo-neurohypophysial complex in vitro.

Each bar represents mean = S.E.M.; number of samples per group (n) = 7-8; a — p < 0.05 — significantly different vs. melatonin
vehicle (VEH) (Fig. 1A); b—p < 0.005 — significantly different vs. VEH (Fig. 1A) or Forsk. (Fig. 1B); c—p < 0.0005 -— significantly
different vs. Forsk. (Fig. 1B)

Rycina 1. Wplyw melatoniny, w stezeniach 10" — 10° M, i forskoliny (Forsk.), w stezeniu 10° M, na podstawowe (A) i pobudzane
forskoling (B) uwalnianie wazopresyny (AVP) z uktadu podwzgdrze—czesc nerwowa przysadki szczura in vitro.

Wyniki przedstawiajg Srednig + S.E.M.; liczba prébek w grupie (n) = 7-8; a — p < 0.05 — rdznica istotna statystycznie wzgledem
VEH (ryc. 1A); b — p < 0.005 — roznica istotna wzgledem VEH (ryc. 1A) lub Forsk. (ryc. 1B); c — p < 0.0005 — rdznica istotna
wzgledem Forsk. (ryc. 1B)
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Figure 2. The effect of melatonin, at the concentrations of 10'-10° M, and forskolin (Forsk.), at a concentration of 10-5 M, on basal
(A) and forskolin-stimulated (B) oxytocin (OT) release from the rat hypothalamo—neurohypophysial complex in vitro.

Each bar represents mean + S.E.M.; number of samples per group (n) = 7-8; a — p < 0.05 — significantly different vs. melatonin
vehicle (VEH) (Fig. 2A) or Forsk. (Fig. 2B); b — p < 0.01 — significantly different vs. Forsk. (Fig. 2B); c — p < 0.005 — significantly
different vs. VEH (Fig. 2A) or Forsk. (Fig. 2B)

Rycina 2. Wplyw melatoniny, w stezeniach 10-10° M, i forskoliny (Forsk.), w stezeniu 10° M, na podstawowe (A) i pobudzane
forskoling (B) uwalnianie oksytocyny (OT) z ukladu podwzgdrze—czesc nerwowa przysadki szczura in vitro.

Wyniki przedstawiajg Srednig = S.E.M.; liczba prébek w grupie (n) = 7-8; a — p < 0.05 — rdznica istotna statystycznie wzgledem
VEH (ryc. 2A) lub Forsk. (ryc. 2B); b — p < 0.01 — rdznica istotna wzgledem Forsk. (ryc. 2B); ¢ — p < 0.005 — rdznica istotna
wzgledem VEH (ryc. 2A) lub Forsk. (ryc. 2B)
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not different from the control. However, melatonin at a
concentration of 10~ M significantly increased both AVP
and OT basal release into the medium (Figs. 1A and 2A).

Series 11

Forskolin, at a concentration of 10° M, significantly
stimulated both AVP (Fig. 1B) and OT (Fig. 2B) secre-
tion into the medium. Melatonin at the concentrations
of 10, 107 and 10° M was able to reduce the forskolin-
stimulated AVP and OT secretion (the strongest effect
was exerted by the hormone at a concentration of 10”7
M). However, when melatonin was added to the me-
dium at a concentration of 10 M, it remained inactive
in modifying the forskolin-induced AVP (Fig. 1B) and
OT (Fig. 2B) output from the H-NH system in vitro.

Discussion

Previous experiments in vitro have shown that the
action of melatonin on AVP and OT release from the
rat hypothalamic explants depends not only on a con-
centration of the hormone, but also on the time of day.
Melatonin inhibited AVP and OT secretion when the
hypothalamic tissue was obtained from animals in light
conditions (i.e. about 3 h after lights on), but no effect of
the hormone could be seen when tissue samples were
obtained during the night, i.e. 4-5 h after lights off [12].
Our present experiments were, therefore, performed
during the light period of the light/dark cycle (ata time
when the hypothalamus was found to be responsive
to melatonin), i.e. about 4 h after lights on, and the
results confirmed partly previous observations. We
have shown that melatonin, at a concentration of 107
M, is able to inhibit basal AVP (Fig. 1A) and OT (Fig. 2A)
release from the H-NH system, which accords with pre-
vious results obtained when rat hypothalamus [11] or
hamster neurointermediate lobe [13] were incubated in
vitro. Melatonin, at a concentration of 10"' M, remained
inactive in influencing the AVP and OT output from
isolated rat H-NH complex (Fig. 1A and 2A) or rat hy-
pothalamus [11], but when hamster neurointermediate
lobe was incubated in vitro, the three concentrations of
melatonin (10, 10° and 107 M) induced inhibitory ef-
fects of similar magnitude on OT and AVP release [13].
What is more, the highest concentration of melatonin
used in our present experiments, i.e. 10° M, significantly
stimulated basal AVP and OT release from the rat H-NH
(Fig. 1A and 2A), which is compatible with the previous
findings of Lemay et al. [9] and Juszczak et al. [10], but
in conflict with the results of Yasin et al. [11], who have
shown the inhibitory influence of 10° M melatonin on
AVP and OT output from the rat hypothalamus in vitro.
The observed discrepancies may result from the fact
that for the present in vitro experiments we used the

explants which contained intact neuronal projections
from the hypothalamic SON and PVN nuclei to the neu-
rohypophysis, i.e. intact axons of the oxytocinergic and
vasopressinergic neurones, while in the other studies
only isolated hypothalamus [11] or neurohypophysis
[9, 13] were incubated in vitro.

The obtained data provides further evidence in
favour of the idea that melatonin influences the neu-
rohypophysial hormone secretion through a cAMP-
dependent mechanism. Cyclic AMP seems to be the
main intracellular second messenger for melatonin,
although it can also modify intracellular concentration
of cGMP and phosphoinositide signal transduction
cascades [14-16, 21]. Melatonin has been found to in-
hibit the enhancement of cAMP concentration evoked
by forskolin-induced increase of AC activity in the rat
pars tuberalis of the pituitary [14]. In several studies,
forskolin has been found to be able to increase intracel-
lular cAMP accumulation at the concentrations of 10 to
10°M [14-16, 21]. Therefore, for the present experiment,
forskolin was employed at a concentration of 10° M,
and we found that it stimulated significantly both AVP
(Fig. 1B) and OT (Fig. 2B) release into the medium. To-
gether with the findings that forskolin increases cAMP
accumulation in the rat hypothalamo-neurohypophy-
sial system in vitro [17] and cAMP stimulates both AVP
and OT release [18], our results suggest that, under
present experimental conditions, forskolin stimulates
the neurohypophysial hormone release acting via
a cAMP-dependent mechanism.

Forskolin has been described as increasing the
cAMP accumulation in the pituitary cells after 30 min
of incubation, which was inhibited by melatonin in
a dose-dependent (107° to 107 M) manner [15]. Under
present experimental conditions, we incubated the
H-NH system for 20 min in the presence of forskolin
and/or melatonin, and the three concentrations of mela-
tonin (10, 107 and 10° M) significantly diminished the
forskolin-induced AVP and OT release, with maximal
inhibition produced by melatonin at a concentration of
10”M (Figs. 1B and 2B), which is compatible with the
previous findings.

On the other hand, the addition of melatonin at
a concentration of 10* M to the medium containing
forskolin did not further alter the forskolin-stimu-
lated AVP and OT release into the medium (Figs. 1B
and 2B). Therefore, since such a high concentration
of melatonin did not further modify significantly the
stimulatory influence of forskolin on the neurohypo-
physial hormones release, this could imply a role for
other intracellular mechanisms (e.g. calcium ions or
nuclear receptors) responsible for 10 M melatonin-
dependent AVP and OT secretion from the rat H-NH
system. Indeed, melatonin may easily cross cellular
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membranes and act directly on the genome through
nuclear orphan RZR/ROR receptors [22-23]. Numer-
ous studies on the actions of melatonin have reported
opposite effects of so-called pharmacological (above
1 uM) or supraphysiological (1 nM -1 uM) and physi-
ological (below 1 nM) doses of the hormone [24], but
itis difficult to determine which actions are mediated
through G protein-coupled melatonin receptors, and
which are mediated through membrane receptors-
independent mechanisms.

The possible mechanism by which melatonin
can modify the vasopressinergic and oxytocinergic
neurones activity includes specific G protein-coupled
membrane receptors, called MT, and MT,, activation
of which inhibits the synthesis of cAMP [21, 24]. These
receptors are situated mainly in the pars tuberalis of the
pituitary [25] and in the hypothalamic suprachiasmatic
(SCN) [15, 26-28] as well as magnocellular SON and
PVN nuclei [29]. It has been found that AVP-containing
cells in the SCN express both MT, [27] and MT, [28]
melatonin receptors and melatonin inhibits AVP release
from cultured SCN neurones [15, 28]. Moreover, it has
been found that the cAMP-dependent pathways are
involved in an increase in AVP gene expression in the
SCN [30]. Thanks to the presence of MT, and MT, re-
ceptors, the SCN neurones could respond to melatonin
signal [5] and then transmit it to PVN [31] and/or SON
[32], via excitatory (glutamate) or inhibitory (GABA)
amino acids, which are known to modify AVP and
OT secretion in the rat [33]. Moreover, the interaction
of melatonin with its receptors present in other brain
regions cannot be excluded. Namely, a small amount of
MT, receptors has been observed in human posterior
pituitary [29], which may suggest that melatonin exerts
its influence on the AVP/OT release acting not only at
the level of the hypothalamus, but also directly on the
axonal endings located in the neurohypophysis. The
anatomical basis for such a hypothesis is not only the
existence of direct neuronal projection from the SCN
to PVN and SON, but also the fact that the explant we
used for the present in vitro experiments contained the
whole hypothalamo-neurohypophysial system.

Melatonin may, therefore, affect the vasopressiner-
gic and oxytocinergic neurones activity and secretion
of AVP and OT by acting directly on specific membrane
receptors and/or nuclear orphan receptors, or it may act
indirectly via modification of the metabolism of certain
neuromediators/neuromodulators in the hypothalamus
and/or in the neurointermediate lobe [34-35]. Indeed,
melatonin has been found to have an enhancing effect
on the GABA system [36] and to affect the activity of
tyrosine hydroxylase in different brain regions [37],
whereas acetylcholine, dopamine and prostaglandins
have been found to participate in an inhibitory influ-
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ence of melatonin on neurohypophysial hormone
release from the rat hypothalamus in vitro [38]. The
above mentioned neurotransmitters (as well as vari-
ous neurohormones and neuropeptides present in the
central nervous system) and other numerous agents
(e.g. biogenic amines, excitatory and inhibitory amino
acids, nitric oxide, neurosteroids, opioids, etc.), have
been shown to influence the activity of hypothalamic
SON and PVN nuclei and modify the synthesis and
release of both neurohypophysial hormones [19-20,
33-35, 39-43], so certain combinations of these agents
may be of some importance for the mechanisms by
which vasopressinergic and oxytocinergic neurones
are influenced by melatonin.

In summary, this paper demonstrates that me-
latonin significantly reduces the in vitro response
of vasopressinergic and oxytocinergic neurones to
forskolin, suggesting that such an effect of melatonin
is mediated through a cAMP-dependent mechanism.
However, the intracellular mechanism of melatonin
action involves other possibilities, especially when
avery high concentration (i.e. 10> M) of the hormone
is considered.

The present study provides further evidence that
melatonin, apart from its well known action under
the conditions of health and disease [44-45], also plays
a role in the regulation of AVP and OT secretion from
the rat hypothalamo-neurohypophysial system and, in
this way, may indirectly influence water balance of the
organism and brain function.

Conclusions

Our present results demonstrate that in the male rat:

1. The influence of melatonin on the vasopressinergic
and oxytocinergic neurones activity is mediated
partly through a cAMP-dependent mechanism.

2. the effect of melatonin in this respect depends on
its concentration.

References

1. Celinski K, Konturek PC, Konturek SJ et al. Effects of melatonin and
tryptophan on healing of gastric and duodenal ulcers with Helicobacter
pylori infection in humans. J Physiol Pharmacol 2011; 62: 521-526.

2. Chojnacki C, Walecka-Kapica E, Lokiec K et al. Influence of melatonin
on symptoms of irritable bowel syndrome in postmenopausal women.
Endokrynol Pol 2013; 64: 114-120.

3. Gonciarz M, Gonciarz Z, Bielanski W et al. The effects of long-term
melatonin treatment on plasma liver enzymem levels and plasma
concentrations of lipids and melatonin in patients with nonalcoholic
steatohepatitis: a pilot study. ] Physiol Pharmacol 2012; 63: 35-40.

4. Reiter R]. Pineal melatonin: cell biology of its synthesis and if its physi-
ological interactions. Endocrine Rev 1991; 12: 151-180.

5. Reiter R], Rosales-Corral S, Coto-Montes A et al. The photoperiod, circa-
dian regulation and chronodisruption: the requisite interplay between
the suprachiasmatic nuclei and the pineal gland and gut melatonin.
J Physiol Pharmacol 2011; 62: 269-274.

6. Juszczak M, Michalska M. The effect of melatonin on prolactin, lutein-
izing hormone (LH), and follicle-stimulating hormone (FSH) synthesis
and secretion (in polish). Post Hig Med Dos 2006; 60: 431-438.



Endokrynologia Polska 2014; 65 (2)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

Juszczak M, Michalska M. The role of the pineal gland and melatonin in
the regulation of adenohypophysial hormone synthesis and secretion
(in polish). Post Hig Med Dos 2006; 60: 653-659.

Juszczak M. The role of pineal gland and melatonin in regulation of the
neurohypophysial hormones synthesis and secretion — the present
status of knowledge (in polish). Endokrynol Pol 2004; 55: 206-211.
Lemay A, Brouillette A, Denizeau F et al. Melatonin- and serotonin-
stimulated release of vasopressin from rat neurohypophysis in vitro.
Mol Cell Endocrinol 1979; 14: 157-166.

Juszczak M, Stempniak B, Guzek JW. Melatonin, pinealectomy and
release of neurohypophysial hormones: in vitro studies. ] Pineal Res
1992; 12: 1-6.

Yasin SA, Costa A, Besser GM et al. Melatonin and its analogs inhibit the
basal and stimulated release of hypothalamic vasopressin and oxytocin
in vitro. Endocrinology 1993; 132: 1329-1336.

Yasin SA, Grossman A, Forsling ML. Diurnal variation in the effect of
melatonin on neurohypophysial hormone release from the rat hypo-
thalamus. Brain Res Bull 1996; 39: 1-5.

Juszczak M, Debeljuk L, Bartke A et al. Melatonin inhibits oxytocin and
vasopressin release from the neurointermediate lobe of the hamster
pituitary. Neuroreport 1995; 6: 2453-2456.

Vanecek J, Vollrath L. Melatonin inhibits cyclic AMP and cyclic GMP
accumulation in the rat pituitary. Brain Res 1989; 505: 157-159.
Vanecek J, Watanabe K. Mechanisms of melatonin action in the pituitary
and SCN. Adv Exp Med Biol 1999; 460: 191-198.

Balik A, Kretschmannova K, Mazna P et al. Melatonin action in neonatal
gonadotrops. Physiol Res 2004; 53 (Suppl. 1): S153-166.

Meeker RB, Michels KM, Hayward JN. Vasopressin and oxytocin regula-
tion of cyclic AMP accumulation in rat hypothalamo-neurohypophysial
explants in vitro. Neurosci Lett 1990; 114: 225-230.

Song Z, Sidorowicz HE, Sladek CD. cAMP stimulation of vasopressin
and oxytocin release and regulation of vasopressin mRNA stability: role
of auto-facilitation. ] Neuroendocrinol 2001; 13: 158-165.

Juszczak M. Neurokinin A and the neurohypophysial response to me-
latonin: in vitro studies. ] Physiol Pharmacol 2002; 53: 823-834.
Juszczak M, Stempniak B. Melatonin inhibits the substance P-induced
secretion of vasopressin and oxytocin from the rat hypothalamo-
neurohypophysial system: in vitro studies. Brain Res Bull 2003; 59:
393-397.

MacKenzie RS, Melan MA, Passey DK et al. Dual coupling of MT, and
MT, melatonin receptors to cyclic AMP and phosphoinositide signal
transduction cascades and their regulation following melatonin expo-
sure. Biochem Pharmacol 2002; 63: 587-595.

Wiesenberg I, Missbach M, Carlberg C. The potential role of the tran-
scription factor RZR/ROR as a mediator of nuclear melatonin signalling.
Restr Neurol Neurosci 1998; 12: 143-150.

Winczyk K, Lepa N. Melatonin receptors — the present status of knowl-
edge. Endokrynol Pol 2002; 53: 365-377.

. Dubocovich ML, Delagrange P, Krause DN et al. International Union of

Basic and Clinical Pharmacology. LXXV. Nomenclature, classification,
and pharmacology of G protein-coupled melatonin receptors. Pharmacol
Rev 2010; 62: 343-380.

Dardente H, Klosen I, Pevet P et al. MT1 melatonin receptor mRNA
expressing cells in pars tuberalis of the European hamster: effect of
photoperiod. ] Neuroendocrinol 2003; 15: 778-786.

Liu C, Weaver DR, Jin L et al. Molecular dissection of two distinct actions of
melatonin on the suprachiasmaticus circadian clock. Neuron 1997; 19: 91-102.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Song CK, Bartness TJ, Petersen SL et al. Co-expression of melatonin
(MEL, ) receptor and arginine vasopressin mRNAs in the Sibe-
rian hamster suprachiasmatic nucleus. ] Neuroendocrinol 2000; 12:
627-634.

Isobe Y, Torii T, Nishino H. Melatonin inhibits Arg-vasopressin release
via MT2 receptor in the suprachiasmatic nucleus-slice culture of rats.
Brain Res 2001; 889: 214-219.

Wu YH, Zhou JN, Balesar R et al. Distribution of MT1 melatonin recep-
tor immunoreactivity in the human hypothalamus and pituitary gland:
colocalization of MT1 with vasopressin, oxytocin, and corticotrophin-
releasing hormone. ] Comp Neurol 2006; 499: 897-910.

Rusnak M, Toth ZE, House SB et al. Depolarization and neurotransmit-
ter regulation of vasopressin gene expression in the rat suprachiasmatic
nucleus in vitro. ] Neurosci 2007; 27: 141-151.

Hermes MLH], Coderre EM, Buijs RM et al. GABA and glutamate
mediate rapid neurotransmission from suprachiasmatic nucleus to
hypothalamic paraventricular nucleus in rat. ] Physiol 1996; 496: 749-757.
Cui LN, Saeb-Parsy K, Dyball REJ. Neurons in the supraoptic nucleus of
the rat are regulated by a projection from the suprachiasmatic nucleus.
J Physiol 1997; 502: 149-159.

Chowdrey HS, Lightman SL. Role of central amino acids and peptide-
mediated pathways in neurohypophysial hormone release. Ann NY
Acad Sci 1993; 689: 183-193.

Sladek CD, Kapoor JR. Neurotransmitter/neuropeptides interactions in
the regulation of neurohypophysial hormone release. Exp Neurology
2001; 171: 200-209.

Viero C, Dayanithi G. Neurosteroids are excitatory in supraoptic neurons
but inhibitory in the peripheral nervous system: it is all about oxytocin
and progesterone receptors. Prog Brain Res 2008; 170: 177-192.

Cheng X-B SunH, Ye Z-Y et al. Melatonin modulates the GABA response
in cultured rat hippocampal neurons. ] Pharmacol Sci 2012; 119: 177-185.
Kaewsuk S, Sae-Ung K, Phansuwan-Pujito P et al. Melatonin attenu-
ates methamphetamine-induced reduction of tyrosine hydroxylase,
synaptophysin and growth-associated protein-43 levels in the neonatal
rat brain. Neurohem Int 2009; 55: 397—405.

Yasin SA, Forsling ML. Mechanisms of melatonin inhibition of neuro-
hypophysial hormone release from the rat hypothalamus in vitro. Brain
Res Bull 1998; 45: 53-59.

Dayanithi G, Sabatier N, Widmer H. Intracellular calcium signalling in
magnocellular neurones of the rat supraoptic nucleus: understanding
the autoregulatory mechanisms. Exp Physiol 2000; 858: 755-84S.
Dayanithi G, Vireo C, Shibuya I. The role of calcium in the action and
release of vasopressin and oxytocin from CNS neurones/terminals to
the heart. ] Physiol Pharmacol 2008; 59 (Suppl. 8): 7-26.

Ciosek J, Drobnik J. Galanin modulates oxytocin release from rat
hypothalamo-neurohypophysial explant in vitro — the role of acute or
prolonged osmotic stimulus. Endokrynol Pol 2013; 64: 139-148.
Marcisz C, Marcisz-Orzel M, Straszecka ] et al. Plasma arginine va-
sopressin level in hypothyroid women in relation to dietary supply.
Endokrynol Pol 2012; 63: 18-21.

Juszczak M, Roszczyk M. Oxytocin and vasopressin secretion from the
rat hypothalamo-neurohypophysial system is stimulated by triptorelin.
Endokrynol Pol 2012; 63: 176-182.j

Bubenik GA, Konturek SJ. Melatonin and aging: prospects for human
treatment. ] Physiol Pharmacol 2011; 62: 13-19.

Hardeland R. Neurobiology, pathophysiology, and treatment of mela-
tonin deficiency and disfunction. The Sci World J 2012; 2012: 640389.

131



