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ABSTRACT

Light is a key environmental factor that synchronizes all life-stages of fish, from embryo development to
sexual maturation. The present review covers information gathered in recent years to emphasize the
importance of photoperiod and melatonin in fish physiology. It is well known that melatonin is a much
conserved feature in vertebrates that plays a central role in the entrainment of daily and annual
physiological rhythms. In this article we have reviewed about the photoperiod and its importance in fish
reproduction, pineal gland structure and function, sites of melatonin production in fish, role of AANAT
enzyme in melatonin production, endocrine regulation of melatonin production and its role in
neuroendocrine regulations of reproduction, growth, feeding behavioural responses and its importance in
aquaculture.
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INTRODUCTION

Daily behavioural processes in fish, such as lodomactivity, sedation, skin pigmentation, oxygemsumption,
thermoregulation, food intake and shoaling behavare under the influence of environmental factorbe

alternation of light and darkness [the 24-hourtlidark (LD) cycle] has a major role in the syncliration of these
daily rhythms; other factors, including temperatug@linity and food availability, might also shabe oscillations.
Fish have also adapted to the annual changes ¢ thdernal cues, so that physiological functiamhsas growth
and reproduction also display annual rhythmicitgifcadian system comprises all the different congmds by
which light enters the organism and is transforiméal a timed nervous or hormonal signal. The adréhe system
is made of a clock machinery, the autonomous agtofi which is synchronized to the prevailing 24 cycle by

light perceived through specific light sensorstum, the clocks drive the production of rhythnoatput signals.

Photic Cues

In photic cues two importantparts are duration guélity of the photic signal [9]. If photoperiodnes along the
annual cycle in a regular and predictable mannght Iquality in terms of intensity and spectrum is less
predictable and will depend on habitatsaracterized by depth, clarity and structure. Thasorder to
optimize the rearingonditions and eventually being able to manipufatle physiology one has to consider the
respective durations of day and night and, in bsithations, light intensity, spectraomposition and
orientation [47, 51]. It is important to emphasthat fish perceive light both from above (via thiegal organ), the
sides (via the eyes) and possibly through deem lphbtoreceptors. All these light centres may hdifferent
sensitivities.

Fish are able to visually discriminate colours aithh species specific sensitivitiesxist probably as a result to
adaptation of the visual and non-visual systemspecific natural habitats [14, 56]. Light of different spatt
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composition cantherefore affect fish growth and/stad as shown in different speci[56], body pigmentation [86],
stress response [87], behavi¢44] and reproduction [52].

However, some species can grow better and develimar at low light intensitiessuch as striped bass larvae ¢
Ix [15], juvenile halibut at 1-10 1¥36] and juvenile haddock at 30 Ix [82Dn the other hanisome species were
reported to show improved growth at very intengétliievels,European sea bass larvae at 1-3500 Ix
[3,59], Atlantic codarvae at 2400 [[63], and black porgy juveniles at 3000 [&7]. It seems that the effect
light intensity on growth ansurvival are speci-specific.

Pineal Gland

In most species investigated, the pineal organ agpas a vesicle attached to the roof of the digmlen by a
slender stalk; it is usually located below a windiovthe skull through which light enters. The vésis made of :
pseudostratified epithelium that is opened to the cerspiaal fluid (CSF); folliculated (as in birds) aseNvas
compact (as ilmammals) glands have also been descr[23]. The pineal epithelium is made of true c-like
photoreceptor cells and of ependymal interstiti@llscthat contact the CSF in their most apical [[25]. The
photoreceptor cells establish synaptic contwith second order neurons that send their axorthedbrain. The
pineal organ of nomammalian vertebrates thus resembles very muchsimplified retina, and the structural a
functional analogies between the two organs haea lestensively reviewed in the pasthe pineal photoreceptc
share more than structural analogies with the aktione [21, 24, and 25]As true light sensitive photoreceptc
they have a similar composition in lipids and piudeof the phototransduction cascade (opsinnsducin, arrestin,
cyclic nucleotide gated channel). And, their eliealr response to light stimuli is similar: lightdaces a do«
dependent cell hyperpolarization that results ie thhibition of an excitatory neurotransmitter (apte ol
glutamate) In the pineal organ, the excitatory neurotrantaniteaches directly the ganglion cells, which stair
axons to the brain. Thus, the signals that are @ped to the brain reflect mainly the response efgthotoreceptc
cells, i.e., the pineal orgas a luminance detector that provides informatianight intensity, spectral content a
duration of dayength. It is interesting that the pineal and r&tiganglion cells may target similar brain are
particularly in the thalamus and pretec[21]. In addition to the excitatory neurotransmitter, ghieeal and reting
photoreceptors both produce melatonin at nighlpfdhg cell depolarizatio24, 25].

Brain Pituitary Gonadal (BPG) Axis

The neuroendocrine system initiates and controdspitociss of gametogenesis andteroidogenesis primarily
through the activation of the hypothalar-pituitary-gonadal axis [40, 43]. The activation of this axis
controlled by environmental arendogenous cues. Brain receives these cues fromntheonment anactivates
the hypothalamus which, in turn stimulates theasdeof gonadotropin releasing horm (GnRH). Then GnRH
stimulates the release of gonadotropins (GTH) fthepituitary [42, ¥]. Fish pituitaries however, similar to thc
of other vertebrates, have been shown to secrete kiwds of gonadotropins; G-I (similar to Follicle
Stimulating Hormone; FSH) and G™-II (similar to LuteinisingHormone; LH). GTHI plays a role during initial
gonadal growth and gametogenesis while Il is prevalent during the final stages of matwatj42, 8.

Pineal Stalk

Dorsal sac

Ventral /
transversum -

Fig: 1 Pineal Gland (A) Arrow mark showing the posiion on pineal gland in fish brain (B) Arrow mark showing the cross sectin pineal
gland in teleost fish and (C) Showing the different partof pineal glanc
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In ovaries, the gonadotropins stimulate the thewd granulosa cells of the ovarian follicle to séersteroids
including androgens (e.g. testosterone), oestrog@ng. 17 p-oestradiol) and progestagens(e.g-2D pB-
dihydroprogesterone) [13Puring the early oocyte growth and development peaESH stimulates the follicular
cells of the oocyte to produce testosterone (Tchvig then converted into p-oestradiol(k) in the granulosa cells
via the activity of the aromatase enzyme [66]. éased E levels in the blood stimulate the hepatistem to
synthetisevitellogenin (VTG). EstrogenjEpeaks generally, during the period of most actiitellogenesis,and
returns to basal levels before ovulation. Testoste(T) starts to increase in conjunctiaith E,, but peak levels
are not attained until 1-2 months aftef& 32]. VTG is a large glycophospho-lipoproteimguced by the liver and
transported vidhe circulatory system to the ovarian follicleppessed into yolk proteins thancumulated as
yolk globules in the growing oocytes.

Once vitellogenesis is complete, plasmalévels fall rapidly and a negative feedback on tilgpothalamus and
pituitary triggers the release of LH [42, 52]. LHnwlates the final oocyte maturation through tleerstion of

progestagens (&f208DHP or 17,20-2pB, 21-P), acting as the maturation inducing horm@hi) [57].This hormone
then binds to the oocyte nucleus and forms the natidn promoting factors (MPF) which stimulates tperminal

vesicle migration (GVM) towards the micropyle. Therminal vesicle then breaks down (GVBD) prior be t
hydration stage and subsequent ovulation [42, 74].

In testes, the two GTH hormones play different fiomal roles. FSH levels arelevated during spermatogenesis
while LH levels peak during spermiation[66]. Botbngdotropins have been reported to have two type=ceptors,
onein the Leydig cells which is specific to LH, ath@ other one located in Leydig and Sertolicelithaffinities to
both FSH and LH [73]. In fish every single primayermatogonium is enveloped by one or two Serédié evhich
support germ cells by providing the optimal micreieonment [57]. Leydig cells are steroidogenic,.egsponsible
for the production of steroids. FSH acts by regataSertoli cell functions to stimulate germ cells gtbvduring
spermatogenesig@?2]. The LH receptor is then expressed by Leydig cellsich respond to LH anttlease
androgens (testosterone and 11-ketotestosterotte)lvatimulating pituitary LH synthesis during pube[37, 57].
Peak levels of 11-KT coincideith spermiation[84] In male fish,11-ketotestosterond 1-KT) is consideredo
be the main androgen hormone, stimulating the dgweént of secondary sexual characters and sperarssis.
Seasonal cycles of gonadal activity have been ibescin many teleosts species.

Although the BPG axis has been well describedsh Giver the last few decades, the cascade frofnoamental
cue to brain gonadotropin stimulation resultingttie timing and regulation of gonadal developmerhained
unknown. Recently, a new peptide, Kisspeptin, t@sn identified as a key actor in the initiationpotberty and
regulation of seasonal breeding in mammals [68]has beemproposed that Kisspeptin actions are mediated
by melatonin signalling by directhegulating KiSS-1 expression as well as changintsisieity of KiSS-1

to sex steroideedback [35]. The study of kisspeptin in fishtidl & its early stages, though it is becomingeayw
active research field.

Photoperiod and reproduction

Fish reproductive physiology shows an extraordirdoge adaptation to the cyclical variations of ém¥ironment;
fish synchronize their spawning to the period & ylear most favourable for the survival of progefgcordingly,
fish have developed predictive mechanisms usindgpiesiod as a reliable environmental cue (proxifaator) to
anticipate and activate gametogenesis long befpasvising [9]. The period of reproduction of most parate
commercial fish species important for aquacultgreeistricted to only a few months of the year, whtea most
appropriate environmental conditions are founds thiarantees the best chances of progeny surtdealever, the
restriction of reproductive activity to a short aah window is a problem for fish farmers that rely yearlong
supply of juveniles to satisfy an increasing demanéish. Early maturation during on growing is dmer major
bottleneck leading to losses due to deterioratiditesh quality, external appearance and poor gnqverformances.
Consequently, based on the basic understandirgedfitcadian axis and photoperiodic entrainmemepfoduction,
regimes have been developed with great successmipaiate the natural circannual rhythm of spawnimgnany
temperate fish species. Importantly, photoperiodidalso be used to improve reproductive perforraanin
tropical fish species although these species doerperience significant annual photoperiodic chanigetheir
natural habitat [12]. Compression or extensionh® $easonal light cycle results in spawning advamcdelay,
respectively, in salmonid species [9]. Similarlettime of first sexual maturation can also be rediby
photoperiod manipulations in teleosts. In salmoniidis now evident that the decreasing and inédngasomponents
of the seasonally changing day-length are resplnditr the recruitment of fish into gonadogenesidd a
reproduction, respectively [23].

Melatonin, a time-keeping molecule in fish
Melatonin is a common output signal of the vertéb@rcadian clock which iproduced primarily by the pineal
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organ and released into the blood stream.[2¥lelatonin is also synthesized in the mtiand has been
detected in the gastrointestinal tissues [6].r€hie evidence indicating that pineal melatontontributes
largely to the circulating plasma and cerepimw fluid (CSF) levels [81], whereas ocular mefah serves local
functions in an autocrine/paracrine mode. The ebl@elatonin is still not elucidated in fish, itrcact on reproduction
in seasonal breeders, be involved in the regulatbrecircadian rhythms (including locomotor activitipody
temperature and feeding) amongst other suggested j80,91]. However, crucially, direct evidencdsraelatonin
actions are still lacking in fish [24, 48] as oppdsto higher vertebrates (mainfgammals) where clear links
between reproduction and melatonin have been regfirk Retinal melatonin acts primarily within theegywhere
it is involved in thecontrol of rhythmic processes, such as retinomotovements, dopamine synthesisease
and metabolism, rod outer segment discs sheddidghagocytosis[91].

In mammals, however, the pineal gland is the anfjan capable of synthesizing melatonin, and héscemoval
completely abolishes the melatonin rhythm. In fiftg retinacan also synthesize melatonin, whicldcexplain why
pinealectomy diminishes, but does not abolish,d&igy rhythm of melatonin in the blood in some dpechbut these
melatonin levels are not significant and will ndfeet blood stream concentration [9]. The retinatlatonin
production profile of 32 teleosts has been studiesl classified into three types; First is normafies, which is
parallel with the pineal releasing the melatonimrhone during the dark phase (24 out of 32 speck®sgpnd is
reversed profile with higher levels of melatonirridg the light phase (Four species; common mumngcEaropean
sea bass, Nile tilapia and torafugu); In Third typefile no significant differences in daily mwain profile
(Four species; Japanese eel, Japanese sela, damanese amberjack, and Kusafugu). Theseddiffal patterns
of retinal melatonin production can be explained differences in the molecular machinery responsibithin
photoreceptor cells for melatonin production arglilation [24]

In almost all species studied to date, pineal melatlevels have been shown to increase duringqnitjet and
remain low during the day, thus reflecting the miémg photoperiod throughout the seasons [9, 24]).Althoug
the pattern of production is conserved across etlebrates (high at night/low during the day), ¢hvariants have
been identified. The most common profile, C-tygegharacterised by a rapid rise in melatonin imiatedy following
the onset of thelark period (within the first hour of darkness) aadommonly found in migratorgalmonids
and other teleosts as well as higher vertebratels as domestic cat, Djungarianhamster and shegBB5 A-type
profiles are characterised by a delay after thet stahe dark phase before melatonin rises tpetk towards the endof
the dark phase. This was observed in gadoid speciels as Atlantic cod and haddoak well as mouse and
Syrian hamster [17, 62, 67Finally, B-type profiles are characterised byisctete peak in the middle of the
dark phase as observed in Mozambique tilapia amagami53 67]. The meanings of these different pedfipes are
not understood but might be linked to an ability inability to anticipate photic signals under thentrol of
circadian clocks [67].

The production of melatonin by the pineal glandaigiven fish species might also be correlatedhéoamount and
spectral quality of the light reaching the pinehbimreceptors depending on the degree of absogbahthe skin
and skull. The amount and quality of light thedsses the pineal window varies from one speciestther [34,
51]. Differences in light penetration through thalsrange from 1 to 8% of simulated daylight inlaktic salmon
and sea bass and long wavelengths (650-700 ane) far more effective at penetrating the skullntishorter
wavelengths (400-450 nm) [51]. In terms of melahopioduction the threshold of light intensity abawhich

melatonin is suppressed depends on the speciesimgntal conditiondjght quality and duration [51, 58]

All these findings have led researchers to sugtfest a threshold value of lighintensity and water quality
(such as salinity) must exist in order to influeptgsiologicalfunctions in fish.Recently it has been that the light
intensity threshold for Atlantisalmon to be around 0.016 Wrafter allowing for the 2.4% of light lost
duringtransmission through the cranium. Importantly, éaspecies specific differences weleserved with cod,
for example, being up to 10,000 times more semsttian salmon [51].

Melatonin Biosynthesis

The biosynthesis of melatonin and other indolesumedn photoreceptor cells. The general mechanigm o
biosynthesis of melatonin in fish appears to bentidal to that in mammals [10]. The pineal glandétes up
tryptophan selectively from the blood [25] and in8k the amino acid in the synthesis of melatomid ather
indoles. The first step is the conversion of tryyptan to 5-hydroxytryptophan, by tryptophan hydrasd (TPOH)
enzyme. 5-hydroxytryptophan is decarboxylated leyalomatic amino acid decarboxylase to producetagroor
5-hydroxytryptamine, which in the pineal gland mawndergo different metabolic pathways: (a) oxidative
deamination by monoamine oxidase (MAO-A and MAOBptoduce 5-hydroxyindole acetaldehyde, which i tu
may be converted to 5-hydroxyindole acetic acid ®r ydroxytryptophol; and (b) N-acetylation by
Nacetyltransferase (NAT) to produce N-acetylsermtowhich in turn is methylated by hydroxyindole+@ethyl
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transferase (HIOMT) to produce-acetyl-5- methoxytryptamine or melatonin. Monoamine oxidastvdy has
been detected in the pineal photoreceptor celfske. The HIOM™-like immunoreactivity was associated with 1
cone-like photoreceptors the fish [27.

[ L- Tryptophan ]

TpOH ]
[ 5-hydroxytryptophan
-~ AAAD ]
Serotonin
[ _ =wnl ll
S—l AANAT
sl Il

[ N-acetylserotonin ]

[ HIOMT -
_
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[ Melatonin I I Light
=l | Dark @

Fig: 2 Melatonin biosynthesis process

Regulation of melatonin productior

Light acts on photoreceptor cells of the pinealaorgnd retina, which allows synchronization of thaternal
molecular clocks. Light might also impact on otlpassible photosensitive and circadian structurethénventra
diencephalon (POA and hypatlamic area) and peripheral organs. In responsieetphotoperiodic information, tt
retina and the pineal organ elaborate two typehythmic information. The neural information (blaerows) from
the retina and pineal organ reach the ventral édon through the retinohypothalamic and the pineatts,
respectively. This information provides an indioatiof day length, as well as of subtle variationsaimbient
illumination. The hormonal information relayed bymelatonin the production of whi reflects day length and
season. In the retina, melatonin is an airnecand/or paracrine factor, which is metatedlilocally. Pinee
melatonin is released into the cerebrospinal fard blood, and acts on specific tets through melatonireceptors.
In the hypothalamus, melatonin might contributesyachronizing the activities of circadian oscillgtanits [SCN
and others and modulating the production of pityitgland releasing factors. Melatonin receptorsehaeer
identified in areashat impact on pituitary function, including the RQwhich also receives nervous input from b
the pineal organ and the retina. Melatonin impamtsthe pituitary gland itself to modulate the protion of
hormones.

All teleost species have been shoto have photosensitive pineal glands whiptoduce melatonin accordir
to the day/night cycle [7&lthough phot-responsiveness hascently been questioned in Mozambique tile[53].
Furthermore, botim vitro [51] and in vivo[58] studies have demonstrated that melatonin synthesiss inversel
with the irradiance of the incident light. It isotight that plasma melatonin mhave threshold levels, whic
define the response of biological functions in fighenvironmental influeces[9, 51]. Although some
electrophysiological studies have described theifancte and chromatic response of the pineal g[11, 21],
better knowledge of such light requirements foratmiin regulation is needed especially regardirgghality of
the light, as the aquagavironment acts as a potent filter significantlydifying spectrum and intensit

Other factors may affect melatonin production, ®sithave shown that temperat acts directly on the pineal organ
modulate melatonin secreti, through the regulation  AANAT?2 activity [5, 25, 27]Interestingly, (i) there is a goc
correlation betweethe peak of AANAT2 response and the fish optimaygblogical temperature (troul2°C,
pike: 20°C, sea bream: 27°C, zebrafish: 30°C) l{#) response to temperature isintrinsic property of the enzyrr
itself, because the same response curves werenebitaihen activities were measured from cultureeégimrgar
homogenates or recombinaANAT2 enzymes. In the pike, temperature had neafbn the phase and period
the circadian rhythm). In vitragt has beerdemonstrated in pilgneal glands cultured at different temperaturieat &
melatonin rhythm was expressed at 19°C 1 30°C but not at 10°C or 15°C[27A similar effect was also report:
in the whitesucker, pineal gland b[90]. Closer examination in relation txclimation temperature prior
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experimentation showed melatonin release was Idmen pineals incubated at 20°C when the fish haginbe
previously acclimated to 10°Qhus, the concurrent action of photoperiod, thaeeines the duration of the
melatoninsignal, and of temperature, that determines itsliaunde, is thought to provide accuradefinitions of
both the daily and annual cycles. Any changes mperature, related thusbandry conditions or global
warming, may thus have dramatic consequences otinteekeeping system of fish.

Feeding was shown to synchronize patterns of behayi.e. locomotor) andhysiology in different fish
species [2, 72However, importantly, in mammals, light and feedrainable oscillators are suggested to be
independent [49]. To our knowledge, in fish, nodevice offeeding entrainment affecting the melatonin
synthesis rhythm system has yet been found.

Arylalkylamine N-Acetyltransferase (AANAT): Melaton in Rate-Limiting Enzyme

In order to better understand the melatonin symheathway, activities of HHOMTand AANAT enzymes were
investigated in different species. An increase ialatonin production at night reflects increased AANAT
activity and termination of melatonproduction during the day reflects proteasomal dégtion of the enzyme
[21]. Therefore the AANAT is commonly known to be thelatonin ratémiting enzyme of the melatonin
biosynthetic pathway [41, 78]. On the other haH#OMT enzyme synthesis does not exhibit any sigaiffit
rhythmic changes throughout the 24-hr period [Ad]siiggested that HHOMT might be implicated in seakona
rather than daily, oscillations in melatonin praitut. Different types of AANAT have been found in mamnaali
and non mammaliaspecies. Only one type is present in mammals, &ird anurans, called AANAT, while
there are at least three homologenous genes iostsldocalized between the retit@ANAT-1a and
AANAT1b) and the pineal (AANAT?2) [16].

Cyclic adenosine monophosphate (CAMP) is a secoessenger that is important in many biological psses.
cAMP is derived from adenosine triphosphate (ATRY aised for intracellular signal transduction innya
different organisms. cCAMP is an important signalriea that is necessary for the proper biologiadponse of
cells to hormones and other extracellular signadd].[ It is required for cell communicationn the
hypothalamus/pituitary gland axis and for the fesakcontrol of hormones. Imelatonin synthesis, cCAMP
plays a central role in regulating through effects AANAT activity through the pineal organs which
accumulate cAMP (only in the presencda$kolin enzyme) during the dark phase [16].

Light exposure during the scotophase suppresses ANAMctivity and melatonin  synthesis. However,
unexpected periods of darkness during thbt lighase do not necessarily induce a rise ilNAR activity [25].
The effects of light,however, depend on the timeapplication at night [29]. Light pulses given befamid-
scotophase of a 24 hr LD cycle induce a rise in AANactivity later than expected following the sqaitase in rat
[38]. The rise in AANAT activity is advanced whemetlight pulse is applied after the mid scotoph&saddition,
melatonin synthesis responds differently to vaoiagi in light intensity and temperature [9, 62]. Btehin
levels are directlycorrelated with light intensity [34, 51] with inased light intensity reducing levels of plasma
melatonin. Plasma melatonin synthesis was showectedse proportionally with increasing light inigas in
juvenile Atlantic salmon. Even with dark phase lsvas low as 20 lux, significant differences wesarid between
light and dark phase melatonin levels [62)n the other handtemperature was shown to direaffgct
melatonirsecretion in ectothermic species [27]. In juveriltantic salmon, melatonin levels were higher noups
maintained at IZ compared with groups maintained & 4n [62].Similar results were found in pike and rainbow
trout with greater amplitude of secretion at insehtemperatures[65]. However, the mechanism beabmgerature-
dependent melatonin productiontfught to occur at an early stage in its biosytithgathway. It was shown
that the forskolin enzyme, which induced cAMP formation, theéegulates N-acetyltransferase(AANAT)
production which in turn controls the synthesisralatonin, is temperaturedependent [80, 89].

Melatonin and Reproduction

The importance of melatonin as the most criticaldidate involved in the mediation of photic effeots piscine
reproduction has been emphasized in several stuMeatonin is important in controlling the reprative

seasonality by stimulating the final stages of séxmaturation and by synchronizing the oocyte nigtuwith

optimal timing of spawning [61]. Melatonin has alseen found to affect estradiol levels in maturgpdemales
[59] and to indirectly influence the GtH Il seciativia hypothalamic stimulatory (GnRH) centers[@h] Atlantic

croaker, Micropogonias undulates, melatonin infeesnlLH secretion directly at the pituitary levetandirectly at
the brain level [61]. Melatonin has been consideasdone of the candidates that mediate the tratisduof

photoperiodic information to the brainpituitary-gahaxis in gonadal maturation of precocious maleursalmon..
But the mechanism by which melatonin performs thigtion remains speculative.

Many studies have studied the role of melatoniagia levels or receptors)r@production. Such studies involved
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the removal of the source(s) of melatonin throwgthalmectomy (EX) and/or pinealectomy (PNX) amd/o
administration of exogenouselatonin [48].

The pinealectomy (PNX) in male Atlantic salmon paoolished the nocturnal rise in melatonin bukefhito alter the
timing of early maturation [46]. Similarly, it fat to inhibit daily gonadotropin cycling in commearp [61]. In
contrast, in the female rainbow trout, PNX perfadnaiiring the summer resulted in a delay in spawnihative to
controls suggesting that in this case the pinealweessary for the entrainment of the final regetide stages which,
in part, is normally brought about by the decraasiaylengths and subsequently increased dailyidarat melatonin
secretion [9]. Following PNX and EX, Ayu still lssoe sexually mature under SD photoperiods whileubb did not
[45]. Clearly these findings draw parallels witle tavian model and suggest that, at least in thesges, some form of
deep brain photoreceptors are responsible for plentirainment of reproduction which needs to beentboroughly
investigated. The response to direct melatonin midtration has been variable though evidence $oinitolvement in
reproduction as part of a complex regulatory neltvibecoming clearer. The stronger evidence weently found by
[75] who showed that melatonin can stimulate thpadainergic system of the preoptic area, whichislired in the
inhibitory control of gonadotropin (LH and FSH) dyesis and release. Earlier studies have showimfkation of both
male and female goldfish with melatonin can redgoeadal development induced by long-day conditiorewn to
cause gonadal stimulation [31].Intraperitoneal dtijggs of melatonin in mature Atlantic croaker dgrithe late
photophase elicited significant elevations in plasgtH Il (LH) levels. In contrast, injection of rdiow trout female
with melatonin failed to impact on their reproduetseasonality [65] thus perhaps the effect of RINXeproduction in
this species, as described above, was via a natanglergic pathway. Thus it must be concluded tinglitonin can
influence the BPG axis, owever, its functions gipasently dose dependent and can clearly operatiffexent levels
within the cascade.

CONCLUSION

It is widely accepted that melatonin is a much eovexd feature that plays a central role in theagminent of daily and
annual physiological rhythms in vertebrates. Ober last decades, a large amount of research haschaéed out in
fish, particularly teleost; to unravel the puzzligdes melatonin plays and characterizes interigpatifferences. As a
result, the picture is becoming much clearer aard=gthe control of the melatonin synthesis (limgtenzyme AANAT,
connection/projection, etc.) and the identificatafriarget tissues, neurons and cells (melatortiepter expression and
localization). However, investigations on the rielaghips between the pineal organ and melatonih@®wne hand, and
the neuroendocrine system on theother hand arafubeir beginnings, and only few direct evidenegists on how
melatonin acts on the brain-pituitary-gonadal aMisvertheless, it seems more and more evidenthbatme-keeping
hormone impacts directly or indirectly on the proiitin of brain and pituitary hormones, thus affagtiime regulated
functions, including feeding, growth, reproductiamd immunity.More studies are necessary to uniidrectegulatory
processes activated by melatonin on a daily andatmasis.
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