
INTRODUCTION
Dopamine is one of catecholamines produced in the

brain by hypothalamic aminergic nuclei NRL (nucleus
recessus lateralis) and NRP (nucleus recessus posterioris).
It inhibits gonadotropin LH secretion by activating
dopamine D2 receptors found on gonadotropic cells of the
pituitary gland (Peter et al. 1986, Omeljaniuk et al. 1987).
The inhibiting effect of dopamine is not limited to the
pituitary gland, because studies with crucian carp proved
its inhibitory effect on both LHRH synthesis and secre-
tion (Yu and Peter 1990). This hypothesis was also con-
firmed by in vitro studies (Yu et al. 1991, Yu and Peter
1992). The release of LHRH by the dopamine D2 recep-
tor is inhibited probably via neuronal projections of
neighbouring dopamine fibres and LHRH fibres (Yu and
Peter 1992).

Melatonin, whose concentration in the pineal gland
and in the peripheral blood is highest at night and lowest
during the day (Reiter 1991a), serves as an indicator of 
a biochemical biological clock. Melatonin synthesis and
secretion, which occurs only during the night, delivers to
the central nervous system an endocrine signal proportion-
al to the length of the night (Reiter 1991b). This hormone
regulates various physiological and neuroendocrinological
processes that occur rhythmically, and stimulates or
inhibits endocrine activity of various body glands.

This is particularly important for seasonally breed-
ing species, in which photoperiod is the main environ-
mental cue informing the pineal gland of annual
changes in the day length. At the same time, this gland
acts through its hormone melatonin on the hypothalam-
ic-pituitary-gonadal axis by synchronizing animals with
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Background. Melatonin regulates various physiological and neuroendocrinological processes that occur rhythmically,
and stimulates or inhibits endocrine activity of various body glands. This acts on the hypothalamic-pituitary-gonadal
axis by synchronizing animals with their reproductive cycles. The proximity of melatonin receptors and dopamine and
gonadoliberin production sites has led to a hypothesis that dopamine may be a link between melatonin and hypothala-
mic LHRH. Melatonin may have an indirect influence on animal reproduction through dopaminergic structures of the
hypothalamus, but the mechanism involved remains unknown, also in fish, for this reason, the present experiment was
conducted. The aim of the study was to determine the effect of melatonin on dopamine release from hypothalamic cells
of mature female carp in vitro. 
Material and Methods. Hypothalami were perifused with a mineral medium containing melatonin (group 1), in the
presence of implanted pineal glands (group 2), and with a pure mineral medium (control). Perifusion was 180 min long
and samples of the effluent perifusate were collected at 15-minute intervals. Dopamine concentration in the medium was
analysed radioenzymatically. The experiment was carried out in the summer during spawning and in the winter during
regression. 
Results. The results indicate that melatonin inhibits the release of dopamine from hypothalamic cells. This effect was
only noticeable in the experiment conducted during the spawning period. 
Conclusion. The present findings show that melatonin may have a role in the hypothalamic control of hypophyseal
activity during the spawning period of carp.
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their reproductive cycles (Reiter 1991a, b, Zachmann et
al. 1991).

In looking for a link between the pineal gland and the
hypothalamus, Zisapel and Laudon (1983) and Zisapel et
al. (1985) showed that melatonin is able to inhibit
dopamine secretion from the hypothalamic cells of the rat.
The results of other studies, which showed that even pico-
molal concentrations of melatonin can inhibit dopamine
release from the retina of birds and mammals (Cardinali et
al. 1979, Dubocovich 1983, 1985), seemed to support this
theory. Also in humans, the high nocturnal level of mela-
tonin reduces dopaminergic activity in the hypothalamus
(Rao and Mager 1987). In the brain of mammals, mela-
tonin receptors are most abundant in the hypothalamus and
in the anterior lobe of the pituitary gland, and much less
abundant in the other parts of the brain (Weaver et al. 1991,
Stankov et al. 1993). It is therefore conjectured that the
hypothalamus acts as a functional link between melatonin
and the endocrine system (Maywood et al. 1996). In the
hypothalamus, the highest concentration of melatonin
receptors is found in the medial eminence, next to the
arcuate nucleus (Weaver et al. 1989). In mammals, this
area also contains endings of axons from LHRH-produc-
ing cells and neurons of the tubero-infundibular system
containing dopamine. Dopamine, by inhibiting LHRH
release to the capillaries of the pituitary portal circulation
(Wuttke et al. 1971), controls LH and FSH secretion from
the pituitary gland of mammals (Gallo 1980, 1981). 
The proximity of melatonin receptors and dopamine and
gonadoliberin production sites has led to a hypothesis that
dopamine may be a link between melatonin and hypothal-
amic LHRH.

The studies with carp have revealed that nocturnal
injections of melatonin (dark phase) into mature female
carp increase the level of maturation gonadotropin (LH) in
blood (Breton et al. 1993). It was also demonstrated that
melatonin modulates the activity of the hypothalamic
dopaminergic system rather that directly affecting gonads
or the pineal gland (Popek 1991, Popek et al. 1994a,
Popek and Epler 1999).

The above body of evidence suggests that melatonin
may have an indirect influence on animal reproduction
through dopaminergic structures of the hypothalamus, but
the mechanism involved remains unknown, also in fish.
Therefore, the aim of the present experiment was to inves-
tigate the effects of the pineal gland and melatonin on
dopamine secretion from the hypothalamus not controlled
by the body, under in vitro conditions.

The effect of melatonin on the activity of hypothalam-
ic aminergic nuclei is seasonal (Popek 1991, Popek and
Epler 1999), as is variation in the rhythm of cate-
cholamine release in the hypothalamus (Popek et al.
1994a). For this reason, the present experiment was con-
ducted in two seasons of the year: in the spawning season
of carp in June, and during gonadal regression in
December. This experimental design allowed us to deter-
mine if the effect of melatonin on dopamine release from
hypothalamic aminergic nuclei is season dependent.

MATERIALS AND METHODS
A total of 30 mature female common carp, Cyprinus

carpio L., were used. The experiments were carried out
twice a year.

Prior to each experiment, fish were decapitated and
their hypothalami and pineal glands were removed as rap-
idly as possible (within 1 minute on average) and placed
on ice. Hypothalami (with an average unit weight of 220
mg) were cut with a scalpel into 3-mm-thick slices and
were individually placed on a Biogel in 15 perifusion
columns of 5 mL volume. Aerated mineral medium in the
form of Cortland buffered salt solution was pumped
through the columns (Jalabert et al. 1973). The 15-chan-
nel peristaltic pump (Zalimp – PP 1B–05) used made it
possible to maintain a continuous controlled flow (8 mL
per hour) of the perifusion medium. The set contained
also a luxmeter sensor placed next to the perifusion
columns, whereby the light regime during the experiment
could be controlled. Two 11-W Lival halogen lamps pro-
vided uniform illumination of the set, producing light of
constant 2000 lx intensity (Fig. 1). The set was wrapped in
aluminium foil and the light was turned off to ensure com-
plete darkness (0 lx).

Perifusion was performed in three groups (each having
5 perifusion columns):

Group 1, with hypothalami perifused in a medium con-
taining melatonin at a concentration of 300 pg · mL-1

(MT); Group 2, with hypothalami into which three pineal
glands were implanted (P); Group 3, with hypothalami per-
ifused in a pure medium, constituting control group (C).

Melatonin (Sigma) was predissolved in 5 µL of 96%
ethanol and then in perifusion medium. Temperature of
the medium was 22°C.

Perifusion was 180 minutes long. The columns were
illuminated (2000 lx) during the first 60 minutes of the
experiment and kept in complete darkness for the next 120
minutes of perifusion. Samples of the effluent perifusate
were taken using an automatic collector at 15-minute
intervals, frozen at –60°C, and stored until the level of
dopamine was determined.

Summer period (June, water temperature 22°C, 
L : D = 16 : 8). Fifteen fish weighing an average of 2.4 kg
(±0.16) were investigated. Fish before the experiment, tis-
sues in perifusion columns, and the perifusion medium
were kept at 22°C throughout.

Winter period (December, water temperature 5°C,
L : D = 8 : 16). Fifteen fish weighing an average of 2.8 kg
(±0.24) were investigated. Division into groups and the per-
ifusion method were the same as in the summer experiment.
Only temperatures of water in the pond in which fish were
kept prior to the experiment, tissues in columns and the per-
ifusion medium were lower (5°C).

Samples of the medium were analysed radioenzymatical-
ly to determine the level of dopamine (Johnson et al. 1980).
The results were analysed using one-way analysis of vari-
ance and STATISTICA procedures were used to deter-
mine statistical differences between the groups.
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RESULTS
Summer period. During the summer, average

dopamine concentration in the perifusion medium in
group 1, in which hypothalami were perifused with a
medium containing melatonin (MT), ranged from 0.431
(±0.06) to 0.983 (±0.13) pmol · mL–1. The concentration
of this hormone was the highest at the beginning of peri-
fusion and decreased over the next 45 minutes to reach
0.522 (±0.06) pmol · mL–1 at 60 minutes. From that time
to the end of the experiment, dopamine concentration in
the medium continued to be low, ranging from 0.711
(±0.12) to 0.573 (±0.05) pmol · mL–1.

In group 2, in which pineal glands were implanted
into hypothalami (P), average dopamine level ranged
from 0.53 (±0.03) to 1.188 (±0.25) pmol · mL–1. 
The highest concentration of this hormone in the medium
was found at 30 minutes of perifusion. From 60 minutes
of perifusion (perifusion in darkness), dopamine concen-
tration in the medium gradually decreased to reach the
lowest value at 135 minutes of the experiment, and was
significantly lower (P < 0.05) than during the first hour of
perifusion.

In the control group (C), average dopamine concentra-
tion in the perifusion medium was 0.616 (±0.07) at the
beginning, 0.562 (±0.08) pmol · mL–1 at the end, and 1.529
(±0.09) pmol · mL–1 at 90 minutes of the experiment.

Statistical analysis showed that dopamine level at 90
minutes of perifusion in groups 1 (MT) and 2 (P) was
highly significantly lower (P < 0.01) than in the control
group (C). Significant differences (P < 0.05) were also
noticed at 30, 60, 75, 105, 120, 135, 150, and 165 minutes
of perifusion in group 1. 

The course of changes in dopamine concentration in
the perifusion medium flowing through the columns with
hypothalami of mature female carp during the summer is
given according to groups in Fig. 2.

Winter period. Average DA concentration at the start
of the experiment was similar in all the groups, ranging
from 0.263 (±0.02) to 0.367 (±0.03) pmol · mL–1. In the
next samples taken during the next minutes of perifusion,
DA concentration increased gradually in all the groups
and at 105 minutes it reached 0.62 (±0.07) pmol · mL–1 in
group 1, where the medium was supplemented with mela-
tonin, 0.469 (±0.05) in group 2, in which hypothalami
were perifused in the presence of pineal glands (P), and
0.72 (±0.08) pmol · mL–1 in the control group (C).

Starting from 120 minutes of perifusion, DA concen-
tration in the medium in all the groups slightly decreased,
ranging at 180 minutes of perifusion from 0.38 (±0.04) to
0.51 (±0.06) pmol · mL–1.

Statistical analysis did not show any highly significant
(P < 0.01) differences in dopamine concentration in the
medium between the groups. Significant differences 
(P < 0.05) were noticed between summer and winter peri-
ods in groups 2 (P) and 3 (C).

The course of changes in dopamine concentration in
the perifusion medium flowing through the columns with
hypothalami of mature female carp during the winter is
shown according to group in Fig. 3.

DISCUSSION
The way in which melatonin affects reproductive

processes in animals has puzzled scientists for a long time.
Many hypotheses were put forward, some indicating that
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Fig. 1. Schematic diagram showing the flow of medium through the set of perifusion columns containing the analysed tissues



melatonin may modulate the activity of the hypothalamic-
pituitary-gonadal axis (Rollag et al. 1978, Lincoln and
Short 1980, Arendt et al. 1981, Kennaway et al. 1983,
Karsch et al. 1986). More accurate indications were provid-

ed by Zisapel and Laudon (1983), Zisapel et al. (1985) and
Rao and Mager (1987), who proved that melatonin can
inhibit dopamine secretion from hypothalamic cells in the
rat. The way in which melatonin affects reproductive
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Fig. 2. Mean dopamine concentrations in the medium during hypothalamic perifusion of mature female carp in the summer (±s);
MT, hypothalami perifused in the presence of melatonin (dashed line); P, hypothalami with implanted pineal glands (dotted line);
C, control hypothalami (solid line);    statistically significant difference (P < 0.01)

Fig. 3. Mean dopamine concentrations in the medium during hypothalamic perifusion of mature female carp in the winter (±s);
MT, hypothalami perifused in the presence of melatonin (dashed line); P, hypothalami with implanted pineal glands (dotted line);
C, control hypothalami (solid line)
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processes has also been explored in fish. It was shown that
melatonin affects changes in the circadian rhythm of LH
release from the pituitary gland (Popek 1994b) but in an
indirect way, because melatonin shows no influence on
pituitary gonadotropes in carp (Popek et al. 2000). Other
studies have excluded its direct effect on gonads and oocyte
maturation (Popek et al. 1996), although it was shown that
melatonin affects changes in the seasonal release of estradi-
ol (Popek et al. 1997a) and it was even suggested that
through steroids, it can affect the reproductive processes.
However, these and other literature data fail to demonstrate
the exact mechanism of melatonin influence on the hypo-
thalamic-pituitary-gonadal axis in fish.

Considering the seasonality of the reproductive cycle
in carp and the evident contribution of melatonin to circa-
dian and seasonal synchronization of animal reproduction,
the present experiment was performed in two diametrical-
ly opposed seasons of the year: in the summer, when sex-
ual activity of the carp is at its highest, and in winter.

In in vivo experiments, where melatonin is injected
into the brain of live fish, the interaction of other neuro-
hormones, systems or feedbacks in the body cannot be
ruled out. The observed effects of such experiments in the
form of melatonin-induced changes in the dopaminergic
activity of the hypothalamus can vary. However, to ensure
that melatonin has a direct effect on dopamine secretion
from the hypothalamus, in vitro studies were conducted
outside the organism. The object of the studies were dis-
sected hypothalami placed in perifusion columns filled
with a flowing medium (Fig. 1). In the control group,
hypothalami were only perifused with a physiological salt
solution (pure medium). In the experimental groups, syn-
thetic melatonin (MT) was dissolved in the medium and,
for the sake of comparison; live pineal glands taken dur-
ing the same time from the fish were implanted into the
hypothalami (P). During perifusion, medium temperature
was constant in keeping with temperature of the water in
which fish were kept, and varying photoperiod
(light–dark) was applied. We used the observations of
other authors (Gern and Greenhouse 1988, Kezuka et al.
1989), who showed that thanks to photoreceptive cells,
fish pineal gland also reacts in vitro to changes in light
intensity by changes in melatonin secretion, in exactly the
same manner as in physiological conditions.

The results obtained in the summer have fully confirmed
our hypotheses because in the hypothalamus not controlled
by the body, exogenous melatonin was able to inhibit
dopamine secretion. In the analysed samples of medium
flowing from perifusion columns of group 1 (medium con-
taining melatonin; MT), we showed dopamine concentration
to be the lowest (0.983 to 0.573 pmol · mL–1) during the
entire perifusion period. We also managed to show the effect
of melatonin released into the medium directly from the
implanted pineal glands (group 2; P). Initially, when the
whole set of columns was illuminated (beginning of exper-
iment to 60 minutes), dopamine concentration in particular
samples was identical as in the control samples (group 3).
After the columns were darkened, when melatonin

released from implanted pineal glands appeared in the
medium, dopamine concentration in the medium began to
steadily decrease (0.616 pmol · mL–1), drawing level with
the concentration observed in group 1. In the control
group (pure medium; group 3), dopamine concentration in
the samples was observed to increase in the first half of
perifusion. After 90 minutes of the experiment, the con-
centration of this hormone reached a peak (1.529 pmol · mL–1).
Further on during perifusion, dopamine concentration
gradually decreased, drawing level (0.562 pmol · mL–1)
with the values observed in groups 1 and 2. It must be
added that at 90 minutes of perifusion, differences in
dopamine concentration in the medium between groups 1
(MT) and 2 (P), and group 3 (C), were highly significant
(P < 0.01) (Fig. 2). These data confirm the results obtained
by Hernandez-Rauda et al. (2000), who was studying the
effect of exogenous melatonin on dopamine (DA) and 3,4-
dihydroxyphenylacetic acid (DOPAC) contents in hypo-
thalamus and pituitary of rainbow trout. The increase in
circulating melatonin was accompanied by a reduction in
the amount of DOPAC in the hypothalamus and the pitu-
itary. Those authors suggest that the inhibition of the
hypothalamic-pituitary dopaminergic metabolism may be
a specific mechanism of melatonin action in the trout
brain that might operate following changes in the secre-
tion of the hormone from the pineal gland.

During perifusion of the hypothalami taken from fish
during winter regression, no differences in dopamine
secretion were found between the groups (Fig. 3). Mean
concentration of dopamine released from the hypothalami
during perifusion in all the analysed groups was much
lower (P < 0.05) than in the summer (in groups 2 and 3)
(range of 0.263 to 0.620 pmol · mL–1). There were not sig-
nificant differences between summer and winter periods in
group 1, where the level of dopamine in summer was as
low as in winter. These results attest to the low activity of
the hypothalamic dopaminergic system in the winter and
confirm the hypothesis about the seasonal sensitivity of the
dopaminergic system to melatonin. It is worth adding that
previous research indicated that the pineal gland and mela-
tonin only influence the hypothalamic-pituitary-gonadal
axis during spawning (Popek 1991, Popek et al. 1991,
1997a, b, Popek and Epler 1999).

In conclusion, it is hypothesized that melatonin can be
one of the major factors controlling LH release from the
pituitary gland during the spawning period of carp.
Probably this effect is stimulatory and involves inhibiting
the hypothalamic secretion of dopamine.
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