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ABSTRACT

n the present study, the melatonin levels were measured in pearl mullets (also known as Van fish) and trouts.

Pearl mullets grow naturally in Lake Van in Turkey, and trouts, raised by private fish farms, were used as study
materials. These fish are known to secrete melatonin, a hormone associated with development and stress, as
occurs in human beings. Melatonin was measured in the plasma taken from living pearl mullets and trouts by an
ELISA method using commercial kits. The study was conducted in accordance with the ELISA kit procedure. In
the spring, the mean melatonin levels of trouts were 160.8 = 4.090 pg/mL in light and 198.3 = 3.694 pg/mL in
dark, whereas in winter 86.69 = 3.203 pg/mL and 128.9 = 1.999 pg/mL in light and dark, respectively. In pearl
mullets, the mean melatonin levels were 84.73 = 2.281 pg/mL in light and 118.1 = 2.560 pg/mL in dark in spring,
and in winter 36.32 = 1.627 pg/mL in light and 70.53 = 2.919 pg/mL in darks (p < 0.001).The results emphasized
the significance of the photoperiod.
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OZET

Bu calismada, Van Yoresinde yetisen Van Goli balidi (inci kefali) ve alabalikta melatonin hormonu seviyesi
Olclldl. Arastirma materyali olarak da Van Goélu'nde yetisen Van Gold baligi (inci kefali) ve 6zel tesislerde
yetistirilen alabalik kullanildi. Arastirma, insanlar gibi bu hormonun salgilandidi hayvanlar olan baliklarda; gelisim
ve stres hormonu olan melatoninin bu 6zelligi goz 6niinde bulundurarak ylrattlmastir. (Metod; melatonin
hormonu, canlilardan (Van G6li baligi ve alabalikta) alinan kanda, 6zel kitlerle elisa cihazi ile 6l¢lildi. Arastirma,
alabalik ve Van Goli bahidinin plazmasinda melatonin 6l¢lilmesinden sonra, elisa parelelizmi standartlarina uygun
olarak yapildi. Alabalikta yapilan calismada ortalama deder; 160.8 = 4.090pg/ml (aydinlik), 198.3 = 3.694 pg/ml.
(karanlik) olarak ilkbaharda bulunmustur. Kis mevsimi dlclimlerimizde ortalama deger ise 86.69 + 3.203 pg/ml
(aydinhk) 128.9 £1.999 pg/ml (karanlik) olarak bulunmustur. Van Go6lt baliinda ise ortalama 84.73 = 2.281pg/ml.
(aydinhk), 118.1 = 2.560 pg/ml. (karanhk) olarak ilkbahar 6lctimleri bulunmustur. Kis mevsimi dl¢timlerimizde ise
ortalama 36.32 = 1.627 pg/ml (aydinlik), 70.53 = 2.919 pg/ml (karanhk) degeri bulunmustur.
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INRODUCTION

Hormones are chemical messengers which
play role in the requlation of several reactions
after being secreted from endocrine glands and
transported by the circulation to target organs.
Hormonal imbalance occurs as a result of excessive
or inadequate release of one or more hormones,
which causes abnormalities in growth and
metabolism [1]. Melanocyte-stimulating hormone
(MSH) is a hormone secreted primarily by the cells in
the intermediate lobe of the pituitary gland; it is also
present in the posterior lobe. Melatonin (N-acetyl-5-
methoxytryptamine) is a hormone found in all living
organisms at levels varying in a daily cycle. In highly
developed animals, melatonin is synthesized in the
pineal gland from tryptophan and serotonin by the
enzyme, 5-hydroxyindole-O-methyl transferase,
and is released into the circulation and acts as an
endocrine hormone. MSH effects the distribution
of pigment granules within the pigment cells of fish,
amphibians, and reptiles. Thus, the skin color of these
animals changes according to the environment [2].

MSH  secretion is often induced by light
stimulation. The synthesis and release of MSH
is reduced as the amount of light increases.
Consequently, pigment granules accumulate around
the nucleus of the cell and the skin becomes fair-
colored. In the dark, pigment granules spread
throughout the cell as a result of the increase in MSH
secretion [3].

Melatonin secretion also exhibits seasonal
variations. While MSH is secreted later during the
day in summer, it begins to be secreted earlier in
winter. Long-term melatonin secretion is observed
in short days, while short-term melatonin secretion
occurs in longer days. The length of the daylight and
response to light stimulation are associated with
the physiology of the living organism. In animals,
a period of long daytime before a short-daytime
melatonin signal induces the reproductive cycle
[4]. Most of the biological effects of melatonin
are produced through the activation of melatonin
receptors and also melatonin, as a potent antioxidant,
plays a significant role especially in the protection
of mitochondrial DNA and nucleus [5]. In animal
studies, it has been demonstrated that melatonin
inhibits the mechanism of cancer and is effective in

protecting against DNA damage caused by a variety
of carcinogens [6]. In the studies including mice, it
has been noted that melatonin may increase the
life span by 20% [7-9], and helps to fight against
many diseases by fortifying the immune system
[10]. Melatonin has an important role in seasonal
affective disorders (SADs) and modulating the
effects of drugs, such as cocaine which causes
addiction [11]. It has been observed that melatonin
improves insomnia and regulates thyroid function
and gonadotropin levels in postmenopausal women,
and helps to manage menopause depression as
well as regulates reproductive function. Moreover,
it has been reported in several clinical studies that
melatonin is effective in the treatment of migraines
[12,13]. Melatonin also has been shown in several
studies to prevent cancer, HIV, and some viral
infections [3]. Furthermore, it has been indicated in
other studies that melatonin, when combined with
calcium, may be effective in the treatment of obesity
and the management of low body weight [3].

Inthe present study, considering the significance
of melatonin, melatonin levels were measured in
pearl mullets (also known as Van fish), grow naturally
in Lake Van, and trouts, which are raised by private
fish farms, under dark and light conditions in summer
and winter which have not been investigated earlier
with concern to melatonin.

MATERIALS AND METHODS

The present study included 15 pearl mullets and
15 trouts, all grown around the Lake Van region.
Measurements of melatonin levels were performed
in the light and dark conditions. In the present study,
in order to measure the melatonin levels, ELISA
method was used.The chemical substances used in
this study were as follows; P-Nitrophenyl phosphate,
0.1% sodium azide, 1% albumin, ELISA melatonin kit
(IBL, Hamburg, Germany), 2 mL of phosphate-buffer
saline (PBS), NaCl, C,, phase extraction column
(Waters, MA, USA), 1 N NaOH, 0.25 M EDTA and
TRIS buffer. Blood collection was performed via a
fine needle at an angle of 70-80° from the middle
of an imaginary line connecting the base of the first
pectoral fin ray, and 2-5 mL of blood samples were
taken from the heart of the fish then transferred to a
tube containing anticoagulant. Then blood samples
were centrifuged at 3000 rpm for 10 minutes at
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Figure 1. Melatonin levels in pearl mullets in light and dark
conditions in winter and spring.

4°C. An enzyme immunoassay method was used for
the measurement of plasma melatonin. Melanonin
was purified by extraction column from plasma.The
plasma samples were homogenized one-by-one in
10 mM phosphate buffer containing 2 mL phosphate-
buffered saline (PBS) and140 mL NaCl, and as well as
in 0.1% sodium azide and 1% albumin (pH 7.5) at 0°C.
Samples were then purified again by an extraction
column. Then, 50 ulL of each sample was placed
into ELISA plates and incubated by a melanin-biotin
and antiserum solution at 4°C for 15 hours. After
the samples were rinsed, first 50 uL of IN NaOH,
and then 0.5 M ethylene diamine tetraacetic acid
(EDTA) solutions were added and the samples were
incubated with p-nitrophenyl phosphate (p-NPP)
solution for 30 minutes.Then absorbances of the
samples were measured at 405 nm [14].

RESULTS

Melatonin levels of pearl mullets and trouts in
light and dark conditions, and as well as, in winter
and spring are presented in Table 1. There were a
significant difference between pearl mullets and
trouts in terms of melatonin levels in light and dark
conditions, as well as in winter and spring (p <0.0001,
Figures 1,2). In trouts, the mean melatonin level
was 198.3 = 3.694 pg/mL in the spring and 128.9
+1.999 pg/mL in the winter under dark conditions,
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Figure 2. Melatonin levels in trouts in light and dark
conditions in winter and spring.

and 160.8 + 4.050 pg/ml in the spring and 86.69 +
3.203 pg/mL in the winter under light conditions (p
< 0.001). In pearl mullets, the mean melatonin level
was 118.1 = 2.560 pg/mL in the spring and 70.53 =
2918 pg/mL in the winter under dark conditions,
and 84.73 = 2.281 pg/mL in the spring and 36.32 =
1.627 pg/mL in the winter under light conditions (p <
0.001). The difference between the melatonin levels
was statistically significant.

DISCUSSION

The aim of the present study was to determine
melatonin levels in pearl mullets and trouts grown
in the Lake Van region by ELISA method which
has not been investigated before.

Following the measurement of plasma
melatonin concentrations, a significant discrepancy
was found in terms of existence of pearl mullets
and trouts under dark and light conditions. The
plasma melatonin concentration of fish under dark
conditions was found to be very high as compared
to the plasma melatonin concentration of fish
under light conditions. This difference is due to
the fact that melatonin synthesis is low during
dayligth and high during night. The nerve impulses
occurred by the light are transmitted to the superior
cervical ganglion in the spinal cord via the retina,
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Table 1. Melatonin levels (pg/mL) in pearl mullets and
trouts in light and dark conditions and in winter and spring
(Mean = SD)

Winter Spring
Inlight  36.32 £1.627 84.73 +2.281
Pearl mullet (n=15)
Indark  70.53 £2.919 18.1+2.560
Inlight 86.69+3.203 160.8 +4.090
Trout (n=15)
Indark  128.9 +1.999 198.3 + 3.694

the hypothalamic nuclei (suprachiasmatic and
paraventricular nuclei), medial forebrain bundle
(MFB), and the reticular formation. Sympathetic
impulses from the superior cervical ganglion
are transmitted to the pineal gland and lead to
alternations in the amount of melatonin secreted,
depending on the amount and duration of light
stimulation. Melatonin regulates the secretion of
gonadotropin-releasing hormone (GnRH) from the
hypothalamus, which in turn regulates the release
of gonodotropic hormones from the pituitary gland.
Consequently, the mating behavior and fertilization
pattern of the animals are requlated according to
seasonal changes [15]. Numerous animal species
living in warm and cold climates exhibit seasonal
fertilization patterns throughout the world.The
stages of the seasonal mating are arranged in such
a way that the birth of the offspring is adjusted to
occur in the most appropriate season for its survival,
development, and growth. As in many other species,
fish also have photoperiodic behavior to monitor
changes in the external environment. Pituitary
gland activities are inhibited or activated based on
photoperiod.

In the present study, it was shown that the
melatonin levels of the fish during both in the spring
and nighttime were higher as compared to those
in the winter and daytime. Therefore, our results
emphasized the significance of the photoperiod. In
accordance with the present study, previous studies
have also been revealed significant differences
between night and day, winter and spring, and
summer and fall in the melatonin levels [14,16-
34]. Indeed, melatonin levels have been found to
be higher during the night and lower during the
daytime in these studies.

The results of the present study revealed that
photosensory organs, such as the pineal gland or
retina, were controlled by the photoperiod in trouts
and pearl mullets.

There are also several
melatonin levels. These
influences at different levels.

factors affecting
factors show their

The melatonin level also varies according to
seasonal periods [35-37]. The type of nutrition
and environmental factors also affect the amount
of melatonin secretion in fish [38]. Melatonin level
also depends on the physical size and biological
characteristics of the fish, such as amount of
plasma [39]. Larson et al. [40], investigated the
effects of an increase or decrease in circulating
melatonin levels on social stress in trouts and
observed that plasma melatonin levels were low in
blood samples obtained during the daytime, while it
was high at night. Lepage et al. [41], and Heinzeller
et al. [42], found that the effect of an increase or
decrease in plasma melatonin levels on social stress
was related to melatonin metabolism.In addition
to seasonal photoperiod, water temperature also
affects melatonin secretion. The cause of the
seasonal difference between melatonin levels
(winter-spring) is temperature. Therefore, many
animal species living in warm and cold climate
zones exhibit seasonal patterns of mating and
non-mating throughout the world. This period
is adjusted to the most appropriate season [16].
Melatonin synthesis in fish has also been associated
with some environmental conditions [43,44]. These
environmental factors include rain, change in
water level, nutrition, and natural conditions [45].
Previous studies, as well as the current study, all
demonstrate that melatonin levels vary with season
and amount of light during the night according to
fish physiology.

Environmental conditions, nutritional status,
and physiology all have an effect on melatonin
secretion. There are several parameters which have
an effect on the amount of melatonin secretion
in fish. However, there is no proportional effect
with respect to the type and amount of these
parameters. This has not been thoroughly clarified
in previous studies. Melatonin is present in all living
organisms, and the significance of this hormone has
been consistently emphasized in all studies.

In conclusion, it has been found that season
(spring-winter), light conditions (dark-light), and
species have an effect on melatonin levels in pearl
mullets and trouts grown in the Lake Van.
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