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The present paper reviews the findings accumulated on the role of
pineal gland and its hormone – melatonin – in regulation of the hypothalamo-neurohypophysial system activity. Effects of modified photoperiod, pinealectomy or treatment with melatonin on the vasopressin
and oxytocin biosynthesis and/or secretion have been described. Taken
together, the in vivo and in vitro data suggest that the effect of melatonin
on the vasopressin and oxytocin secretion depends on this pineal hormone
concentration and experimental conditions.
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Introduction
Vasopressin (AVP) and oxytocin (OT) content in
the hypothalamo-neurohypophysial system represents a net result of several processes, i.e., AVP/OT
synthesis by magnocellular neurones situated in the
supraoptic (SON) and paraventricular (PVN) nuclei
of the hypothalamus, infundibular transport of the
hormone towards the neural lobe of the pituitary, and
finally the secretion of OT and AVP into the blood.
Several stimuli (both physiological and pathological)
were reported to influence the AVP and OT biosynthesis and/or secretion. Moreover, the release
of neurohypophysial hormones exhibits diurnal
changes, which are presumably related to the effects
of environmental light. Indeed, diurnal variations in
the concentration of OT and AVP in the hypothalamus, neurohypophysis and plasma were described
in the rat [1–5] as well as in human blood plasma
[6, 7]. Daily rhythms in electrical activity of the
magnocellular neurones secreting OT and AVP have
also been found to depend on the presence of intact
pineal [8].
A cycle of melatonin production in the pineal gland
and retina with peak and nadir levels during dark
and light hours, respectively, was reported to exist
in several species [9–11]. Information as to lighting
conditions reaches the pineal gland via two groups of
neural pathways. The first originates from the retina
and involves the retinohypothalamic tract, hypothalamic suprachiasmatic (SCN) and PVN nuclei, also
the spinal cord and superior cervical ganglion [12].
Another group of neural pathways converging in
the pineal is connected with afferentation of central
origin [13]. Namely, the SCN neurons project directly
to the SON [14] as well as the PVN [15], and some
nerve fibres of the latter have been demonstrated in
the rat pineal gland [16]. Environmental light affects,
therefore, melatonin synthesis rhythm as well as its
diurnal excretion into the blood. Taking together data
as to the diurnal rhythm of melatonin [11, 17] and
neurohypophysial hormones [2, 3] secretion, it is postulated that diurnal variations in the AVP and OT
production and/or secretion may be mediated, at least
in part, by the pineal gland and its hormone – melatonin [see: 18]. This paper reviews the findings accumulated on the role of melatonin in regulation of the
hypothalamo-neurohypophysial system activity.
The effect of pinealectomy on the
vasopressin and oxytocin synthesis and/or
release
As early as thirty years ago, the pineal gland
was found to affect function of the hypothalamic
magnocellular neurones. Namely, pinealectomy
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resulted in a diminution of the neurosecretory activity in the SON [19] and PVN [20] neurones; this
effect could be reversed by pineal implantation into
the hypothalamus [21]. The neurosecretory activity
of the PVN neurones is also modified by melatonin
[22].
Within the last two decades, a great number of
data were accumulated as to the role of pineal in the
regulation of the neurohypophysial hormones secretion. Namely, in 1980 pinealectomy was reported
to decrease the AVP storage in the rat neurohypophysis [23]. Later experiments showed that pineal
removal results not only in a diminution of the
neurohypophysial vasopressinergic activity, but the
OT content in the hypothalamo-neurohypophysial
system was also decreased after pinealectomy [24–30].
Moreover, the influence of modified α- and/or
β-adrenergic transmission (as brought about by
desmethylimipramine-DMI, phenoxybenzaminePOB or propranolol) on the hypothalamic and
neurohypophysial AVP/OT content in normal and
pinealectomized rats has been reported [26–28, 31]. A
single intracerebroventricular (icv) injection of DMI
decreased the AVP and OT content in the neurohypophysis of rats with intact pineal gland, while pretreatment with POB attenuated the effect of DMI on
the OT storage [26]. Following pineal removal, DMI
intensified the pinealectomy-induced decrease of the
neurohypophysial OT but not AVP content, while icv
α-adrenergic blockade was ineffective in modifying
the response in question [26, 31]. Repeated treatment
with DMI resulted in a distinct increase of the hypothalamic and neurohypophysial AVP/OT content in
both intact and pinealectomized rats [28, 31]. Treatment with propranolol reversed the pinealectomyinduced diminution of the AVP and OT levels in the
hypothalamus and neurohypophysis; in pineal-intact
animals, however, no effect of propranolol on either
hypothalamo-neurohypophysial OT storage or hypothalamic AVP content was noted [27].
Pineal removal has been described to affect the
secretion of neurohypophysial hormones under conditions of both equilibrated and disturbed (due to
dehydration, haemorrhage or hyperosmotic stimulation) water balance. Namely, pinealectomy was found
to increase circulating OT levels in euhydrated [30,
32] or dehydrated [33] rats. Also the rate of response
of vasopressinergic and oxytocinergic neurones to
bleeding was augmented after pineal removal [29].
In other experiments, however, pinealectomy attenuated the effect of both hypovolaemia and plasma
hyperosmolality on the secretion of AVP [34]. Moreover, a reduced Fos (a protein product of the immediate early gene c-fos) production in the SON neurones
was found to accompany the pinealectomy-induced
diminution of the neurohypophysial hormones secre-
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tion into the blood in response to hyperosmotic stimulation [35].
The influence of pinealectomy on the AVP and OT
synthesis in the hypothalamus is not clear so far.
Namely, pinealectomy was reported to increase the
3
H-leucine uptake by the hypothalamic magnocellular
SON and PVN neurones [36], but to lower the fos
protein production within the rat SON [35]. Other
studies showed that neither pinealectomy nor treatment with melatonin were able to affect the OT
mRNA production in the hamster hypothalamus
[37]. On the other hand, the biosynthesis rate of
AVP in the rat hypothalamus was recently shown (by
using the colchicine method) to be higher two weeks
after pinealectomy, but reduced eight weeks after the
surgery, as compared with sham operated animals
[38]. However, the biosynthesis of OT in the hypothalamus was not affected two weeks after pineal
removal, while eight weeks after the surgery it was
significantly elevated [39]. These recently reported
data seem to suggest that the effect of pinealectomy
on the AVP and/or OT biosynthesis rate changes with
time after the surgery.
The vasopressin and oxytocin synthesis and/or
secretion as influenced by different photoperiod.
The response of oxytocinergic and vasopressinergic
neurons to modified photoperiod (i.e., continuous
lighting, long or short photoperiod) was found to alter
with time of exposure to such conditions [32, 37,
40]. Exposure of pinealectomized animals to constant
light for eight days resulted in a diminution of the
neurohypophysial AVP and OT content, but it did not
change the hypothalamic and plasma levels of both
hormones. When, however, animals with intact pineal
gland were exposed to such lighting conditions, the
AVP/OT contents in the hypothalamus and neurohypophysis were diminished whereas their plasma
levels were increased [32]. Exposure of rats to constant light for two or ten days influences the AVP and
OT storage in the hypothalamo-neurohypophysial
system as well as these hormones secretion into
the blood [2]. It also affects the diurnal hormonal
rhythms; following ten days exposure to constant
lighting, plasma AVP and OT rhythms showed a
phase shift [2].
The ability of long or short photoperiod to affect
the neurohypophysial hormones synthesis and/or
secretion has been studied in male Syrian hamsters.
In long day (LD)-exposed hamsters, pinealectomy
induced a decrease in the posterior pituitary AVP and
OT content, whereas plasma hormone levels were
unchanged; in such animals melatonin was not able
to prevent the effects of pinealectomy [37, 40]. Exposure to short day (SD) for ten weeks (but not for one
week) led to the increase in the neurohypophysial
AVP and OT storage, but again there were no corre-

sponding changes in circulating hormone concentrations; the hypothalamic OT mRNA levels were also
not altered by SD exposure [37]. The influence of SD
on the neurohypophysial AVP and OT storage was
apparently dependent on the presence of intact pineal
gland, since pinealectomy blocked whereas melatonin
injections mimicked the effects of SD on the response
in question [37, 40].
Melatonin and the neurohypophysial
hormones synthesis and/or release
Early findings as to the effects of pineal extracts
and/or melatonin injections on activity of the
hypothalamo-neurohypophysial system have been
described by Guzek [41]. In 1973, Orsi et al. observed
that melatonin diminished the protein synthesis
in the rat hypothalamus and hypophysis [42].
Two years later, pineal extracts were reported to
have no effect on the AVP biosynthesis in the
hypothalamo-neurohypophysial complex in organ
culture [43]. More recently, melatonin was shown to
be without significant effect on the hypothalamic OT
mRNA levels in Syrian hamsters [37]; it was also not
able to modify the OT biosynthesis rate in sham
operated or pinealectomized rats [44]. On the other
hand, however, melatonin strongly inhibited the rise
in the rat hypothalamic AVP biosynthesis rate due to
pinealectomy [45].
The role of melatonin in regulation of the AVP and
OT secretion has been studied both under physiological (i.e., normal) and some pathological conditions
(i.e., dehydration, haemorrhage, hyperosmotic stimulation and/or stress, which are all known to stimulate
the neurohypophysial hormones release). Melatonin
was found to modify the AVP and/or OT secretion
from the hypothalamo-neurohypophysial system both
in vivo [25, 40, 46–53] and in vitro [54–59].
The effect of melatonin on the vasopressin
and oxytocin secretion in vivo.
First data from our laboratory, as to the effects
of melatonin on the release of neurohypophysial hormones, showed that in pineal-intact rats melatonin,
administered at the end of light phase, decreased the
AVP and OT storage in the hypothalamus and neurohypophysis [25, 46]. In pinealectomized animals,
however, similar treatment with melatonin did not
affect the pinealectomy-induced depletion of AVP and
OT levels in the neurohypophysis [25]. Results of further studies have indicated existence of both stimulatory and inhibitory actions of this pineal hormone,
depending mostly on a dose applied and experimental conditions. Namely, repeated subcutaneous (sc)
or intraperitoneal (ip) injections of melatonin stimu-
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lated both AVP and OT release when administered
at a dose level of 100 µg melatonin/100 b.w. [46],
but were ineffective at a dose of 25 µg melatonin
per animal [37, 40, 48]. When administered intravenously [53] or icv [52], higher doses of melatonin
stimulated, whereas lower doses inhibited the release
of AVP from the male rat neurohypophysis. Similarly,
when lactating female rats were used for the studies, the suckling-induced OT release was inhibited
by icv injected melatonin at a dose level of 1 ng/ml,
while lower dose (10 pg/ml) and two higher doses (100
ng/ml or 10 µg/ml) of melatonin did not modify the
response in question [51]. The latter results suggest
that melatonin inhibits the OT secretion, as induced
by suckling, from the posterior pituitary only at the
concentration which is relatively close to its physiological level in the blood.
Melatonin influence on the regulation of AVP and
OT secretion under pathological conditions seems
to depend on the experimental situation. Indeed,
under conditions of normal water balance, treatment
with melatonin was followed by a decrease in the
neurohypophysial AVP and OT content [25, 40, 46,
47, 50]. However, melatonin did not modify the depletion of neurohypophysial AVP and OT storage noted
in rats deprived of water for two or four days [46]
as well as it did not further affect the posterior pituitary hormone levels as decreased following haemorrhage [47], pinealectomy [25] or both haemorrhage and pinealectomy [29]. On the other hand, it
augmented the diminution in the neurohypophysial
AVP/OT storage in response to some stressful stimuli such as hypertonic saline ip injection [40] or
immobilization [49, 50]. Melatonin also facilitated
the neurohypophysial hormones secretion into the
blood due to hypertonic saline administration [48]
as well as increased these hormones secretion in
pinealectomized and immobilized rats [49, 50].
The effect of melatonin on the vasopressin
and oxytocin secretion in vitro
Growing number of evidence suggests that the in
vitro effect of melatonin on the AVP and OT secretion from the hypothalamo-neurohypophysial system
depends on the concentration of the hormone, time of
day and species of animals used as donors of a tissue
for the studies. In 1979 melatonin was reported to
stimulate the AVP secretion from the rat neurohypophysis in a dose dependent manner [54]. Later in
vitro studies have shown that melatonin was able to
stimulate the release of both AVP and OT from isolated posterior pituitary of sham-operated (i.e., not
pinealectomized) or pinealectomized rats when used
at relatively high concentrations (10–6 M and 10–3 M),
but at the concentration of 10–7 M it was ineffective
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[55]. In contrast to these observations, Yasin et al.
[57] showed that melatonin had an inhibitory effect
on both basal and K+-evoked AVP and OT release
from the isolated rat hypothalamus, with maximal
inhibition at 10–7 M. In addition, the effect of melatonin on these hormones secretion was found to depend
on the light:dark cycle and could be seen only during
the day [58].
When Syrian hamsters were used as donors of a
tissue, the inhibitory effect of melatonin on the AVP
and OT secretion from isolated posterior pituitary
was also noted, but the three concentrations of melatonin used (10–11 M, 10–9 M and 10–7 M) induced
effects of similar magnitude [56]. In the case of K+stimulation, however, only dose of 10–9 M melatonin
was effective in inhibiting the AVP and OT release
from the hamster posterior pituitary in vitro; the
other two doses of melatonin showed no significant
difference from the control [56]. Lack of the effect
of 10–11 M and 10–7 M doses of melatonin (which are
lower or higher, respectively, than its physiological
circulating level) has suggested that under conditions
of K+-evoked stimulation, melatonin was effective in
modifying the AVP and OT secretion from the posterior pituitary in vitro only when used at the concentration which is relatively close to its physiological
level in the blood.
General conclusions
The question as to the possible mechanisms underlying modulation of the neurohypophysial hormones
synthesis and secretion by melatonin has not been
adequately answered, yet. However, exogenous melatonin may modify the AVP and/or OT synthesis and
release via specific membrane receptors which have
been demonstrated in several brain areas with high
levels of binding over the SCN and pars tuberalis of
the pituitary [60, 61]. Another possibility is that melatonin modifies activity of the vasopressinergic and
oxytocinergic neurons by a direct action on a genome
without interaction with specific membrane receptor. Indeed, after systemic administration melatonin
crosses the blood-brain barrier and accumulates in
the anterior pituitary as well as in the hypothalamus, both in cytosolic and nuclear fractions [11, 62].
Due to its lipophilicity (and, therefore, its ability to
pass through cell membrane) melatonin modulates a
number of cellular functions as well as releases the
genomic activation [63] probably via the brain-specific
nuclear receptors RZR, both α- and β-subtype [64].
Melatonin alters the metabolism of some
catecholamines in the hypothalamus and neurointermediate lobe [65–67]. Therefore, by its direct influence on the hypothalamic neurons and/or indirect,
i.e., by modified neurotransmission in the brain, mel-
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atonin could affect the synthesis and/or release of
AVP and OT. In fact, acetylcholine, dopamine and
prostaglandins were found to be involved in melatonin-mediated inhibition of the neurohypophysial hormones secretion both in vivo [53] and in vitro [59].
As yet, however, the way of melatonin action on the
hypothalamic SON and PVN magnocellular neurons
requires further investigations.
In summary, it is concluded: 1) The response of
vasopressinergic and oxytocinergic neurons to modified photoperiod changes with time of exposure to
such conditions; it apparently depends on the presence of intact pineal gland, but is not mediated by
melatonin. 2) The pineal gland seems to exert an
inhibitory impact on the biosynthesis of AVP (but
not that of OT), the effect being attributed to melatonin. 3) Melatonin inhibits the AVP and OT secretion
from the posterior pituitary (both in vivo and in vitro)
when used at the concentration regarded to be in the
range of the physiological level. 4) Melatonin augments the AVP and OT response to some pathological
stimuli, such as volume and/or hyperosmotic stimulation or immobilization stress. 4) The response of
vasopressinergic and oxytocinergic neurons to stress
depends on the presence of intact pineal gland; the
role of melatonin in the respective mechanism(s) is
suggested. 5) Mechanisms related to melatonin effect
on vasopressinergic neuron activity are – at least
partly – different from those related to melatonin
influence on oxytocinergic neuron function under
similar conditions.

REFERENCES
1 Gauquelin G, Geelen G, Louis F, et al. Presence of vasopressin,
oxytocin and neurophysin in the retina of mammals, effect
of light and darkness, comparison with the neuropeptide content of the neurohypophysis and the pineal. Peptides 1983;
4:509–515.
2 Windle RJ, Forsling ML, Guzek JW. Daily rhythms in the hormone
content of the neurohypophysial system and release of oxytocin
and vasopressin in the male rat: effect of constant light. J Endocrinol 1992; 133:283–290.
3 Windle RJ, Forsling ML, Smith CP, Balment RJ. Patterns of
neurohypophysial hormone release during dehydration in the
rat. J Endocrinol 1993; 137:311–319.
4 Forsling ML, Stoughton RP, Zhou Y, Kelestimur H, Demaine C.
The role of the pineal in the control of the daily patterns
of neurohypophysial hormone secretion. J Pineal Res 1993;
14:45–51.
5 Morawska-Barszczewska J, Guzek JW, Kaczorowska-Skóra J. Cholecystokinin octapeptide and the daily rhythm of vasopressin
and oxytocin release. Exp Clin Endocrinol & Diabetes 1996;
104:164–171.
6 Montgomery H, Windle RJ, Treacher DF, Forsling ML. Daily
rhythms of plasma neurohypophysial hormone concentration in
man. J Physiol 1991; 438:252P.
7 Forsling ML, Wheeler MJ, Williams AJ. The effect of melatonin
administration on pituitary hormone secretion in man. Clin

Endocrinol 1999; 51:637–642.
8 Dyball REJ, McKenzie DN, Stoughton R, Forsling ML. The effect
of pinealectomy on the electrical activity of supraoptic neurones
in vivo. In: Saito T, Kurokawa K, Yoshida S, editors. Neurohypophysis: Recent progress of vasopressin and oxytocin research.
Nasu:Tochigi; 1995. p. 301–305.
9 Pang SF, Allen AE. Extra-pineal melatonin in the retina: its
regulation and physiological function. Pineal Res Rev 1986;
4:55–95.
10 Reiter RJ. Pineal melatonin production: photoperiodic and hormonal influences. In: Reiter RJ, Karasek M, editors. Advances
in pineal research. London-Paris: John Libbey; 1986. vol. 1, p.
77–87.
11 Reiter RJ. Pineal melatonin: cell biology of its synthesis
and of its physiological interactions. Endocrine Rev 1991;
12:151–180.
12 Moore RY. Neural control of pineal function in mammals and
birds. J Neural Trans 1978; suppl. 13:47–58.
13 Reuss S, Semm P, Vollrath L. Electrophysiological investigations
on the central innervation of the rat and guinea-pig pineal
gland. J Neural Trans 1984; 60:31–43.
14 Cui LN, Jolley CJ, Dyball REJ. Electrophysiological evidence for
retinal projections to the hypothalamic supraoptic nucleus and
its perinuclear zone. J Neuroendocrinol 1997; 9:347–353.
15 Hermes MLHJ, Coderre EM, Buijs RM, Renaud LP. GABA and
glutamate mediate rapid neurotransmission from suprachiasmatic nucleus to hypothalamic paraventricular nucleus in rat. J
Physiol 1996; 496:749–757.
16 Reuss S, Stehle J, Schröder H, Vollrath L. The role of the hypothalamic paraventricular nuclei for the regulation of pineal melatonin synthesis: new aspects derived from the vasopressindeficient Brattleboro rat. Neurosci Lett 1990; 109:196–200.
17 Reiter RJ. The melatonin rhythm: both a clock and a calendar.
Experientia 1993; 49:654–664.
18 Juszczak M. Szyszynka a uwalnianie wazopresyny i oksytocyny
[(The pineal gland and vasopressin as well as oxytocin release)
(in Polish with English abstract)]. Folia Med Lodz 1996;
23:37–51.
19 De Vries RAC, Ariens-Kappers J. Influence of the pineal gland
on the neurosecretory activity of the supraoptic hypothalamic
nucleus in the male rat. Neuroendocrinology 1971; 8:359–366.
20 De Vries RAC. Influence of pinealectomy on hypothalamic
magnocellular neurosecretory activity in the female rat during
normal light conditions, light-induced persistent oestrus, and
after gonadectomy. Neuroendocrinology 1972; 9:244–249.
21 De Vries RAC. Abolition of the effect of pinealectomy on hypothalamic magnocellular neurosecretory activity in male rats
by hypothalamic pineal implants. Neuroendocrinology 1972;
9:358–364.
22 Brooks A, Mason R. The electrophysiological effects of melatonin on rat suprachiasmatic and paraventricular hypothalamic
neurones in vitro. In: Proceedings of the Physiological Society
(Cambridge meeting), 1988; C.52:60P.
23 Szczepanska-Szyburska I, Guzek JW, Kmieé K. The hypothalamic
and neurohypophyseal vasopressin content in pinealectomized
male rats. In: Marsan CA, Traczyk WZ, editors. Neuropeptides
and Neural Transmission (IBRO Monograph Series). New York:
Raven Press; 1980. p. 359–363.
24 Juszczak M, Guzek JW. The content of vasopressin and oxytocin
in the hypothalamus and neurohypophysis of pinealectomized
male rats. Acta Physiol Pol 1983; 34:41–46.
25 Juszczak M, Guzek JW. The hypothalamic and neurohypophysial
vasopressin and oxytocin in melatonin-treated pinealectomized
male rats. J Pineal Res 1988; 5:545–552.
26 Guzek JW, Juszczak M. The hypothalamic and neurohypophysial
oxytocin content as influenced by desmethylimipramine in
normal and pinealectomized white male rats. J Neural Trans
1985; 62:125–136.
27 Guzek JW, Juszczak M. The effects of beta-adrenergic blockade
on the hypothalamic and neurohypophysial vasopressin and

Neuroendocrinology Letters ISSN 0172–780X Copyright © 2001 Neuroendocrinology Letters

173

Marlena Juszczak

28

29
30
31

32
33

34

35

36
37

38
39
40

41
42
43

44
45
46

47

oxytocin content in pinealectomized male rats. Exp Clin Endocrinol 1987; 89:97–104.
Juszczak M. Chronic treatment with desmethylimipramine
increases the oxytocin content in the hypothalamus and neurohypophysis of normal and pinealectomized male rats. Acta
Physiol Pol 1988; 39:261–268.
Juszczak M. The effect of haemorrhage and melatonin
on neurohypophysial vasopressin and oxytocin content in
pinealectomized male rats. Patol Pol 1993; 44:61–64.
Demaine ByC, Forsling ML, Kelestimur H, Stoughton RP. Effects
of pinealectomy on daily rhythms of neurohypophysial hormone
release in the rat. J Physiol (London) 1990; 423:12P.
Juszczak M, Guzek JW. The influence of desmethylimipramine
on the hypothalamic and neurohypophysial vasopressin content
in pinealectomized male rats. Exp Clin Endocrinol 1987;
90:26–36.
Juszczak M, Kaczorowska-Skóra W, Guzek JW. Vasopressin and
oxytocin release as affected by constant light in pinealectomized
male rats. Endocrine Regul 1995; 29:163–170.
Summy-Long JY, Keil JY, Emmert S. Effects of pinealectomy on
neurohypophysial hormones in the SFO and plasma of dehydrated rats exposed to 12 hours of light. Brain Res Bull 1983;
11:505–513.
Demaine ByC, Forsling ML, Kelestimur H, Stoughton RP. Effect
of pinealectomy on the vasopressin response to altered plasma
volume and osmolality in the rat. J Physiol (London) 1990;
C.10:19P.
Windle RJ, Luckman SM, Stoughton RP, Forsling ML. The effect
of pinealectomy on osmotically stimulated vasopressin and
oxytocin release and fos protein production within the hypothalamus of the rat. J Neuroendocrinol 1996; 8:747–753.
Chazov MA, Veselova SP, Krivosheev OG, Isachenkov YA. Interrelationship between the pineal gland and the hypothalamohypophysial complex. Probl Endokrinol 1976; 22:33–39.
Juszczak M, Steger RW, Debeljuk L, Fadden C, Rao JN, Borg KE,
Bartke A. The effects of short photoperiod, pinealectomy and
melatonin treatment on oxytocin synthesis and release in the
male Syrian hamster. Endocrine 1996; 4:223–231.
Bojanowska E, Juszczak M, Guzek JW, Dabrowski R. The pineal and
vasopressin synthesis. Neuroendocrinol Lett 1998; 19:202–206.
Bojanowska E, Juszczak M, Guzek JW, Dabrowski R. The pineal and
oxytocin synthesis. J Physiol Pharmacol 1999; 50:121–128.
Juszczak M, Debeljuk L, Stempniak B, Steger RW, Fadden C,
Bartke A. Neurohypophyseal vasopressin in the Syrian hamster:
response to short photoperiod, pinealectomy, melatonin treatment or osmotic stimulation. Brain Res Bull 1997; 42:221–225.
Guzek JW. The pineal-neurohypophysial interactions. In: Reiter
RJ, Karasek M, editors. Advances in pineal research. LondonParis: John Libbey; 1986, vol. 1, p. 139–147.
Orsi L, Denari JH, Nagle CA, Cardinali DP, Rosner JM. Effects of
melatonin on the synthesis of proteins by the rat hypothalamus,
hypophysis and pineal gland. J Endocrinol 1973; 58:131–132.
Pearson D, Shainberg A, Malamed S, Sachs H. The
hypothalamo-neurohypophysial complex in organ culture: effects
of metabolic inhibitory, biologic and pharmacologic agents.
Endocrinology 1975; 96:994–1003.
Juszczak M, Bojanowska E, Guzek JW, Dabrowski R. Pinealectomy
and melatonin affect the synthesis rate of neurohypophysial hormones. J Endocrinol Invest 1999; 22 (Suppl. to no. 7):60.
Juszczak M, Bojanowska E, Dabrowski R. Melatonin and the synthesis of vasopressin in pinealectomized male rats. Proc Soc Exp
Biol Med 2000; 225:207–210.
Juszczak M, Guzek JW, Lewy A. The influence of melatonin on
the content of vasopressin and oxytocin in the hypothalamus
and neurohypophysis in euhydrated and dehydrated male rats. J
Pineal Res 1986; 3:199–211.
Juszczak M, Kłopotowska A, Stempniak B, Guzek JW. Hypothalamic and neurohypophysial vasopressin and oxytocin content
as influenced by haemorrhage in melatonin-treated male rats.
Patol Pol 1993; 44:55–59.

174

48 Juszczak M, Steger RW, Fadden C, Bartke A. Oxytocin and prolactin release after hypertonic saline administration in melatonin-treated male Syrian hamsters. J Physiol Pharmacol 1996;
47:289–301.
49 Juszczak M. Melatonin affects the oxytocin and prolactin
responses to stress in male rats. J Physiol Pharmacol 1998;
49:151–163.
50 Juszczak M, Bojanowska E, Guzek JW, Stempniak B, Dabrowski
R. The effect of melatonin on vasopressin release under stress
conditions in pinealectomized male rats. Adv Exp Med Biol 1999;
460:311–315.
51 Juszczak M, Stempniak B. The effect of melatonin on sucklinginduced oxytocin and prolactin release in the rat. Brain Res Bull
1997; 44:253–258.
52 Forsling ML, Achaaban AR, Zhou Y. The effect of intracerebroventricular melatonin on vasopressin release in the conscious rat. J
Endocrinol 1992; 135 (Suppl 1): P47.
53 Bojanowska E, Forsling ML. The effects of melatonin on vasopressin secretion in vivo: interactions with acetylcholine and prostaglandins. Brain Res Bull 1997; 42:457–461.
54 Lemay A, Brouillette A, Denizeau F, Lavoie M. Melatonin- and
serotonin-stimulated release of vasopressin from rat neurohypophysis in vitro. Mol Cell Endocrinol 1979; 14:157–166.
55 Juszczak M, Stempniak B, Guzek JW. Melatonin, pinealectomy
and release of neurohypophysial hormones: in vitro studies. J
Pineal Res 1992; 12:1–6.
56 Juszczak M, Debeljuk L, Bartke A, Stempniak B. Melatonin inhibits oxytocin and vasopressin release from the neurointermediate
lobe of the hamster pituitary. Neuroreport 1995; 6:2453–2456.
57 Yasin SA, Costa A, Besser GM, Hucks D, Grossman A, Forsling
ML. Melatonin and its analogs inhibit the basal and stimulated
release of hypothalamic vasopressin and oxytocin in vitro.
Endocrinology 1993; 132:1329–1336.
58 Yasin S, Grossman A, Forsling ML. Diurnal variation in the effect
of melatonin on neurohypophysial hormone release from the rat
hypothalamus. Brain Res Bull 1996; 39:1–5.
59 Yasin SA, Forsling ML. Mechanisms of melatonin inhibition of
neurohypophysial hormone release from the rat hypothalamus in
vitro. Brain Res Bull 1998; 45:53–59.
60 Morgan PJ, Barrett P, Howell E, Helliwell R. Melatonin receptors:
localization, molecular pharmacology and physiological significance. Neurochem Int 1994; 24:101–146.
61 Williams LM, Hannah LT, Hastings MH, Maywood ES. Melatonin
receptors in the rat brain and pituitary. J Pineal Res 1995;
19:173–177.
62 Menendez-Pelaez A, Reiter RJ. Distribution of melatonin in mammalian tissues. The relative importance of nuclear versus cytosolic localization. J Pineal Res 1993; 15:59–69.
63 Reiter RJ, Oh C-S, Fujimori O. Melatonin. Its intracellular and
genomic actions. Trends Endocrinol Metab 1996; 7:22–27.
64 Wiesenberg I, Missbach M, Kahlen J-P, Schrader M, Carlberg
C. Transcriptional activation of the nuclear receptor RZRα by
the pineal gland hormone melatonin and identification of CGP
52608 as a synthetic ligand. Nucleic Acids Research 1995;
23:327–333.
65 Alexiuk NAM, Vriend JP. Melatonin reduces dopamine content in
the neurointermediate lobe of male Syrian hamsters. Brain Res
Bull 1993; 32:433–436.
66 Alexiuk NAM, Uddin M, Vriend J. Melatonin increases the in situ
activity of tyrosine hydroxylase in the mediobasal hypothalamus
of male Syrian hamster. Life Sci 1996; 59:687–694.
67 Miguez JM, Aldegunde M. Changes in the hypothalamic serotonergic function may mediate the endocrine effects of melatonin.
J Physiol Biochem 1996; 52:239–246.

