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PHOTOPERIOD, PINEAL PHOTORECEPTORS AND MELATONIN AS THE SIGNAL
OF PHOTOPERIOD IN THE REGULATION OF REPRODUCTION IN FISH
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SUMMARY

Annual variation in photoperiod is the most regular phenomenon that has strong predictive value in the temporal
organization of seasonal activities in biological world, especially reproduction. Carefully controlled studies
demonstrated importance of photoperiods in the regulation of annual reproductive events in diverse groups of
animals including fish. Apart from academic interests, study in fish has gained momentum because of its tremendous
economic importance as food. Thus, for obvious reasons, efforts are continued to develop technologies for increasing
fecundity and growth of fish in culture. As a result, photoperiodic manipulation has emerged as an effective tool
of reproductive management in culture fisheries, and understanding the physiology of photoperiodic regulation of
fish reproduction became the priority topic of research in different countries. The present paper reviews and
summarizes the information gathered in recent years on the importance of photoperiod and the mechanism of
photoperiodic signal transduction in the photo-neuroendocrine system in fish emphasizing the role of pineal
organ, which is considered as an intermediary between the environment and the endocrine system in vertebrates.
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INTRODUCTION mechanisms to the changes in environmental light and

Environment plays an important role in thedarkness (7-8). In fish the entire system (the photodetector,
regulation of reproduction in different animals includind€ €ircadian clock and melatonin synthesizing enzymes)
the fish (1). Among various components of the environmeti, /0cated in the pineal organ (9). Several experimental
annual changes in the duration of the solar day gtudies indicated that the pineal organ is able to translate
photoperiod, which become marked from the temperateggvironmeqtal information (photoperiod and' temperature)
the polar zones, has been proved to be the primary di@ rhythmic messages (10-11), and the pineal hormone
regular variable that individually, or in combination witin€latonin is the internal chemical messenger of
water temperature or any other environmental factor(§vironmental signal ateitgebe(6, 11-13) and controls a
impel the ‘driving function’ in determining the sexualnumber of functions, especially reproduction, in vertebrates
periodicity in most of the fish species living in mid- and14). There are evidences to suggest that the pineal organ
high latitudes (2-4). However, it does not exclude th@nd/or melatonin may play a role in the seasonal maturation
possible role of supplementary information in the temporgf gonad in fish (15-17), and in transduction of photoperiodic
adjustment of breeding in fishes at low latitudes, whef@formation to the brain-pituitary-gonadal axis in teleosts
there is less seasonal variations in photoperiod and wdtkk). However, results of experimental studies in different
temperature (5). fish are not identical. Other than melatonin, a number of
. . . L molecules which are known to be involved in photo-signal
Processing of environmental information is one . . .

) . ) ) . fransduction and are commonly found in vertebrate retinal
of the most important physiological events in the regulatlor}1 : :
T . L otoreceptors have been detected in the pineal
of reproduction in animals. Studies in different teleos S . :
] otoreceptors of different fishes. Such photoreceptor

indicated that synchronization of physiological an . . . )
. : . molecules include opsin, alpha- subunit of the G protein
environmental events is mediated through the systeim

. ) ) . rapsducin, and S-antigen (10), of which opsin is known to
composed of sensors and circadian oscillators like the pm&a‘? diate non-visual light-detection tasks (18)

organ, the lateral eyes and the suprachiasmatic nuclei 0

the hypothalamus (6). This circadian oscillator system The present review summarizes the data collected
among the fish species is located in the pineal organ dAdecent years focusing on possible role of photoperiod,
the eyes, among which the pineal organ is consideredr4deal photoreceptor molecules and melatonin in the

the most important component for its responsivenekgulation of reproduction in fish.
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ROLE OF PHOTOPERIOD IN THE REGULATION significantly lower in fish maintained under constant light
OF FISH REPRODUCTION regime (24L:0D) than those of 20L:4D, 18L:6D treatments
and control (24). But a conclusion on the use of
otoperiods in the temporal organization of seasonal
reeding in low-latitude fish in general suffered a set back
rom the lack of studies representing diverse groups of

the reproductive cycle in most fish species that breed HEC'€S: The role of photoperiod as a source of

mid- and high- latitudes (3, 4, 15, 19). Recent studies wififvironmental cue in the regulation of reproduction in
juvenile red sea brearrP’ag’rus’ majo), Nile tilapia tropical fish has been considered by several workers, but

P the studies have been confined mostly to different air-
(Oreochromis niloticug haddock felanogrammus T : :
aeglefinu$, and black sea turboPgetta maeotica breathlngzgsh(,:It:ke}-leteropnfutstez's?fc;séﬁI(QS)C;(I;/IIys_tus
revealed that gonadal growth was significantly lower i pngara(26), Channa punctatu¢27-29), andClarias

fish exposed to 24L:0D than others which were expos trachus(30-31) as it was easy to maintain them under

to different photoperiodic schedules such as 20L:4 oratory conditions for experimental studies. Ovarian
18L:6D, 16L:8D, 12L:12D, OL:24D (20-23) Iy growth inH. fossiliswas stimulated under the influence

0. niloticus during fingerling stage, mean femal of long photoperiods, while retarded in short photoperiodic

gonosomatic index (GSI) and mean oocyte size w epgh (32). An acceleration of gonadal growth was also noted

Annual fluctuations in the duration of light or
photoperiod constitute one of the major and regul
environmental variables, which appear to perform
important role in the regulation of or synchronization wit

‘_"1.

A ::.3%._
.':-E'

Fig. 1. Photographs of dissected abdomen of Indian major@atja catlashowing precocious development of ovary (right
photograph) under the influence of long photoperiods (16L: 08D) during the pre-spawning phase (April-May) compared to the
ovary in respective control fish (left photograph) held under natural photoperiods.
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in M. tengara(26) and irC. punctatug28, 33) following (39). The anti-opsin reactivity, characteristic of rods, was
exposure to different schedules of long photoperiodmrticularly strong in the lumina of the pineal stalks and
(14L:10D or 18L:6D) as well as to continuous light (LL).the anti-visinin reactivity stained cones in the retina
Short photoperiods, on the other hand, were found to becurred in the end vesicle of the pineal organ in two
inhibitory to gonadal functions in several sub-tropical fisintarctic fishes (40). The degenerated photoreceptor outer
including Cirrhina reba (34), H. fossilis (32), andC. segments were recognized in the pineal organ of the blind
punctatus(28, 33). Nonetheless, the question remainechve salamandelP(oteus anguingexclusively by using
open whether the effects were strictly short photoperiodiantibody against the red-sensitive cone opsin (41).

or coupled with altered water temperature. A combination

of long photoperiods and relatively high temperaturg,
regimen was found to be effective in causing maturati
of gonad in the Indian murref,. punctatug28, 33).

The growing list of photoreceptive opsin molecules
n fish pineal includes parapinopsin, isolated from
e channel cat fishctalurus punctatug42) and is
responsible for the UV-sensitivity as exhibited by the
Until recently (35-38), none of the Indian majorlamprey pineal and may be the UV photo-pigment in the
carps received proper attention for revelation of thiish pineal capable of forming a bi-stable pigment with a
influence of photoperiods on their reproductivanaximum absorption at 370nm in the UV spectrum (43).
performance. The study on both male (38), and femalertebrate Ancient Opsin, forming a functional photo-
(35) free-living carpsatla catlg clearly indicated role pigment with a maximum absorption between 460nm and
of photoperiods as possible environmental synchronizé00nm, was isolated from the pineal of Atlantic salmon
of the seasonal gonadal growth. Experimental studies (3&almo salay (44) and zebra fisiD@nio rerig) (45). A
37) revealed that LP is stimulatory to only steroidogenisecond isoform of VA Opsin was identified in another
functions of the gonad during the preparatory phaspecies of teleost (the common c&pprinus carpid (46).
(February-March), and stimulatory to both steroidogenithis second isoform of VA Opsin is characterized by a
and gametogenic functions of the gonad during the preery long carboxyl terminus (79 amino acids) in
spawning phase (April-May), when precocious maturatiocomparison to salmon VA Opsin. Independently, this long
of gonad occurred in LP subjects (Fig. 1). However, LBoform, together with the short form of VA Opsin, was
had no influence on reproduction during the spawninigentified in zebra fish (45). Another isoform of VA Opsin
(July-August) and the post-spawning (September-Octobavjth medium carboxy- terminus has been isolated from a
phases. On the other hand, a schedule of SP was inhibitengelt fish Plecoglossus altiveljg47). Salmon VA Opsin
to ovarian growth and maturation during the pre-spawnirfgrms a functional photo-pigmant at 451 nm when
and the spawning phases, or of no influence on reproductapresseth vitro and reconstituted with 11-cisretinal (48).
functions during the preparatory and the post-spawnirgalmon VA Opsin shares 37-41% amino acid identity with
phases of an annual cycle. The study provided the firste classical retinal opsins and 42% identity with chicken
evidence that photoperigebr seplays an important role P-opsin (44).
in the seasonal maturation of gonad in a sub-tropical

freshwater major carp (36, 37). Exorhodopsin, a rod-like opsin, was isolated from

the zebra fish (49), the puffer fishugu rubripe$ and the
THE PHOTORECEPTOR MOLECULE IN FISH Atlantic salmon $almo salay (18). This pineal opsin
PINEAL ORGAN shares only 74% identity with the rod-opsins from the retina
of the same species, and phylogenetic analysis suggests
phototransduction and desensitization commonly found _at the plneal_rod-llke opsins and the retlngl rod-opsins
vertebrate retinal photoreceptors have also be erged early in the evolutlt_)n of the teleost I|r_1eage (18).
immunocytochemically localized in pineal photoreceptor .okoyama ar_1d Zhang (50) isolated a genomic sequence
This includes opsin, alpha- subunit of transducin, S-antig m the marine lampreyPetromyzon marln_l)ste_rmed

prey P-opsin. It shares 46%- 48% identity with the P-

or arrestin and recoverin (10). Several studies su ' ) . :
(10) 99 sins and 61%-65% with VA opsins. In view of the

that the pineal organ of adult teleosts utilizes two or moP® \uti i fthe i d that
photopigments. evolutionary position of the lampreys, it was proposed tha

lamprey P-opsin is the evolutionary precursor of the teleost
Immunocytochemical detection of opgiroteins  VA-opsin family (46). Pinopsin, which possesses a
in the pineal organ of various species indicated that pingahximum absorbance between 470 and 462 nm, was
photoreceptors contain retinal-like opsins, possiblgolated from the pineal of the birds (chicken, pigeon),
structurally similar to both cone opsin(s) and rod opsi@ptiles and amphibians (51). A recent study, adopting

A number of molecules involved in
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Western blot, identified two closely spaced bands at the

kDa, and bands of 78 and 115 kDa opsins have b m:; ey N SN S 115 KDa

localized in the pinealocytes of cabatla catla(52). — — — — 78 KDa
Several studies indicated importance of oth 7*KD#

photoreceptor molecules as well, but the informatic :::g: - . e S

compared to opsin, is frustratingly poor. Alpfieansducin - 3=xps
(43 kDa), as an important photoreceptor molecule, is knc

to couple light activation with stimulation of cGMF
phosphodiesterase in the phototransduction pathway. Thg 2. Western blot analysis of opsin proteins in the pineal
presence of the 43 kDa band in the fish pineal organ, whigigan ofCatla catladuring the preparatory (1), pre-spawning

is absent in the mammalian pineal gland, raises tE: SPawning (Ill) and post-spawning (IV) phases of the
possibility that the fish pineal organ contains 43 kD%nnual reproductive cycle.

photoreceptive alpha-Transducin molecule and it is

photosensory in nature (53). An antiserum againgBANSDUCTION OF PHOTIC SIGNAL IN THE
S-antigen or Arrestira protein that binds to photoexciteoF ISH PINEALOCYTES

phosphorylated rhodopsin and largely terminates its action, Early electrophysiological studies showed that the
has been found to label the whole cytoplasm of apike discharges by the axons of the pineal tract are
photoreceptor cells in the pineal organ of Salmon (54hhibited by light and increased in the dark (39, 58).
Recoverin, a photoreceptor-specific@znding protein Inhibition is directly related to the intensity of the stimulus.
was also detected in the pineal photoreceptoxenbpus This response is triggered by the photoreceptors located
laevisand the pigeon (55). presynaptically to the second order neurons. Like the retinal

hotoreceptors, the intracellular recordings have shown

Immunocytochemical ;tudlgs of the developlngnat the trout pineal photoreceptor is depolarized in the
teleosts (e.gSalmo salarAtlantic halibut) demonstrated (-20/-30mV) and hyperpolarized in the light  (-60/

Opsin proteins and other phototransduction molecules_gbmv) (59, 60). Hyperpolarization of the photoreceptor

the pineal organ during embryonic development (56, 57k its"in the inhibition of the release of an excitatory

In halibut pineal organ, the first phototransductioRe, oransmitter, aspartate and/or glutamate (61).
molecules to appear are opsins; they expressed at 70% of

the embryonic period. Expression of opsins is followed by~ Interms of intensity and duration, the response of
expression of alpha-Transducin and arrestin at 90% of pineal photoreceptor is very similar to that of the retinal
embryonic period, when putative meIatonin-producithOtoreceptor but the latency and recovery are much longer

pineal photoreceptors also appear (57). in the pineal (59, 62). Under pr_olonged i!lumingtion, the
pineal photoreceptor cells maintain an intensity-related

_ Although role of different photoreceptor moleculegnembrane potential and act as a mediator of gradual light
in the regulation of fish reproduction remains as a topic itensity changes (39). The spectral sensitivity of the pineal
speculation, the results of a recent study provide an inrggi§btoreceptors indicated the presence of one or two photo-

to that belief. In that study, expression of pineal opsin hggyments with maximum sensitivity in the green range of
been found to vary in relation to the reproductive status gfe visible spectrum (39).

carp (5.2)' A gradual_ increase in expression of opsin was Pharmacological studies have further supported
found in parallel with the gonadal development in . .

: . . : . e idea that photoreceptor cells transduce the photic
reproductive cycle, being highest during the spawning phaiﬁ

| ] 1] 1

tollowed by a sudden fall in post-spawning phase ar|1n ormation in a way similar to that occurring in the retina.
y P P 9p ' trout pineal or dispersed trout pineal cells in culture,

re_bound du_ring the preparatqry phase to r_epeat the Yfifmination reduces by 30-40% cGMP levels measured
(Flg.fZ)”. A dlu_r;al_ pﬁak of 093'” was 20tgd inthe T'gl'dem the dark (6). A novel cGMP-gated channel was cloned
and fa a? mid-night. Consi ernng the data aval abIe Fom the trout pineal photoreceptors which exhibits a high
thls time, it appears worthwhile to'study .the pehawor %fequence homology to cyclic nucleotide-gated 3 (CNG)
different photoreceptor molecules in the fish pineal undgf, 4 nnels from retinal cones (63). The effect of light was
natural as well as diverse experimental conditions to fingslished in the presence of (a) pertussis toxin, which
the possible role of these molecules in the photoperiogjfcouples some GTP-binding proteins including transducin
regulation of fish reproduction. from their receptors after ADP-ribosylation, or (b)
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phosphodiesterase inhibitors. This study suggested tdatk fluctuations in the pineal organ of different fish (10).
light activates a phosphodiesterase through a GTP-bindifige pineal organ in goldfish, pike, trout, and white sucker
protein, likely to be transducin (6). Finally, it has beereleases melatonin rhythmically in low quantities during
shown that external N@ns are essential for the generatiothe day and high quantities during the night, when
of light response in lampreys (64). PCR amplification ahaintained in super-fusion or in the static culture under a
trout pineal mRNAs, using specific oligonucleotid®4 h LD cycle (71). In zebra fish, serotonin N-
primers, indicated that the photoreceptors express a cGMieetyltransferase-2 (zZAANAT-2) is considered as the
gated channel which displays stronger analogies with thrarker for development of pineal photoreceptors and
channels expressed in retinal cones than those expressezhdian clock function (72). AANAT mRNAs exist as
in retinal rods (63). three transcripts in the trout, two transcripts in the pike,
MELATONIN: THE ENDOCRINE SIGNAL OF  AANAT-1and AANAT 2, and one transcript in the zebra
PHOTOPERIOD fish (14, 73). A physiological day/night rhythm in pineal
AANAT-2 protein exists in pike. The expression and
In fish as well as other vertebrates, melatonin isgttivity of AANAT increases after lights off and decreases
conservative chemical signal of light-dark cycles of thgite at night and early in the morning as Mel secretion
environment in all the vertebrates (65, 66). In all the specigses (73). The abundance of AANAT-2 protein and activity
investigated so far, melatonin production is high during thfcreases on exposure to light at midnight (9). The decrease
night time and low during the day time (67). The fish pinealhy, AANAT2 activity results from both decrease in
through the cyclical synthesis and release of melatonin, SegspNAT2 expression and the light-dependent activation of
to be involved in the timing and control of a number a§nzyme proteolysis, as shown in sea bream and pike pineal
rhythmic functions, especially reproduction (68). organ culture (9). In trout there is no rhythmic expression
Biosynthetic pathway of melatonin of pin_eal AANAT MRNA. I_t _has_ be_en noted further thatin
_ ) _ _ the pike, pineal MAO activity is higher at the end than at
The biosynthesis of melatonin and other indolege heginning of the day . The abundance of TPOH mRNAs
occurs in photoreceptor cells. The general mechanism\giies on a 24 hr basis in the pineal of pike and zebra fish
biosynthesis of melatonin in fish appears to be identical gt not in the trout pineal (14, 74). In contrast, HIOMT

thatin mammals (10). The pineal gland takes up tryptophggtjyity remains constant throughout the 24 h LD cycle in
selectively from the blood (69) and utilizes the amino aCer, salmon and trout pineal (10).

in the synthesis of melatonin and other indoles. The o _ ) _

first step is the conversion of tryptohpan t(plurnal'and seasonal variations in the circulating
5-hydroxytryptophan, biyyptophan hydroxylas@POH) Melatonin

enzyme. 5-hydroxytryptophan is decarboxylated by the The existing knowledge on the rhythmic pattern
aromatic amino acidlecarboxylas¢o produce serotonin of circulating melatonin in fish is chiefly based on data
or 5-hydroxytryptamine, which in the pineal gland majrom the studies on temperate fish (17, 71, 75), in which
undergo different metabolic pathways: (a) oxidativejrculating levels of melatonin were high during the night
deamination bynonoamine oxidas@AO-A and MAO-  and decreased to basal level during the day. The nocturnal
B) to produce 5-hydroxyindole acetaldehyde, which in tufgvels of circulating and pineal melatonin change on an
may be converted to 5-hydroxyindole acetic acid or gnnual basis as a consequence of seasonal variations in
hydroxytryptophol; and (b) N-acetylation bY- daylength (76). Significant diel changes exist in the plasma
acetyltransferas€NAT) to produce N-acetylserotonin, melatonin of sea bass with nocturnal melatonin varying
which in turn is methylated blgydroxyindole-O-methyl from144 pg/ml in summer to 23pg/ml in autumn (4).
transferase (HIOMT) to produce N-acetyl-5- Circannual changes in pineal melatonin were recorded also
methoxytryptamine or melatonifonoamine oxidase in deep demersal fish, inhabiting regions outside the reach
activity has been detected in the pineal photoreceptor cejtssunlight, with significant differences existing between

in pike. The HIOMT-like immunoreactivity was associatedutumn and spring values of pineal melatonin (77). The

with the cone-like photoreceptors in the fish (70). only report on any low-latitude fish is based on the study
Melatonin synthesizing enzymes: Daily variations inthe ©On @ carpCatla catla(78), which demonstrated a time-
expression and activities bound change in the concentrations of melatonin in a 24 hr

_ _ _ ~cycle in each reproductive phase, but the pattern of the
Several indole-like compounds, includingyyihm was not identical throughout the annual cycle. Like
serotonin, N-acetylserotonin, and melatonin display lighfost of the vertebrates studied , a minimum diurnal value



Maitra et al 78

of melatonin was recorded in the mid-dag,, at 12.00 had no effect on pineal melatonin secretion. Therefore,
noon. However, the circulating level reached its peak duringradrenergic and dopaminergic mechanisms are not
mid-night in each reproductive phase, other than thmvolved in signal transduction in trout and zebra fish (7,
preparatory phase when the diurnal peak value of melatob). The study on trout pinealocyte culture demonstrated
was recorded just before the onset of light (Fig. 3Mhat forskolin (adenylate cyclase activator) and cAMP
Moreover, it was evident that the level of melatonin reachedalogues increase cCAMP and NAT activity in light and
its seasonal peak during the post-spawning phase and nddik (79). On the other hand, it was found that an inhibition
during the spawning phase (78). of the hypothalamo-pituitary-dopaminergic metabolism
may be a specific mechanism of melatonin action in the

Neuronal and intracellular regulation of melatonin ; :
rainbow trout brain (80).

synthesis
The studies on neuronal regulation of the Extra cellular C& ions have been shown to play

mechanism of photic signal transduction in the biosynthe&§8 essential role for melatonin biosynthesis in rainbow trout
of melatonin in the pineal organ revealed that cholinergiin€al organ (81). In the rainbow trout and dogfish, putative
adrenergic and dopaminergic mechanisms are involvedClinergic neurons were observed in most brain regions
different ways in different species of fish. For examiple, including the pineal photoreceptors (82). Cholinergic

vitro studies of pike pineal indicated that nocturndleurons and fibers were immunohistochemically localized
melatonin production was inhibited by alpha- adrenergi@ the pineal organs of lamprey and teleost fishes (83). In
agonist and stimulated by beta- adrenergic agonist (10)t¢ trout pineal organ, acetylcholine constituted post-
pinealocyte culture of rainbow tro@gfcorhyncus mykiys Synaptic modulation of photoreceptor signals (84) and both
and zebra fisH¥anio rerio) cyclic application of adrenergic muscarinic and nicotinic receptors were uniformly

receptor agonists, norepinephrine, phenylephrine, clonididistributed throughout the pineal gland (85). A recent
and isoproterenol and dopamine or D1 receptor agonistmunocytochemical study revealed the presence of
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Fig. 3. Diagrammatic presentation of the diurnal profiles of serum melatonin (each data denoteSEni@avertical bars) in
Indian major carpCatla catladuring (a) preparatory, (b) pre-spawning, (c) spawning, and (d) post-spawning phases in an
annual cycle. At each time point, at least 5 fish were sampled, and samplings were done for two consecutive years.
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GABAergic perikarya and fibers in the pineal organ of th€larias batrachusThese authors reported that melatonin
late stage embryos and adults of an elasmobranadiministration prior to darkness, at the dose of 100 and
(Scyliorhinus canicula Thus, the regulatory mechanism00nyg/fish, decreased testosterone levels, while at higher
underlying rhythmic activity of pineal appear to be diverseoses (400ng/fish) increased testosterone levels.
among different teleosts (86). Administration of melatonin t€larias batrachug93) at
MELATONIN AND FISH REPRODUCTION lower doses of 25, 58y/fish significantly Iowe_red the
17alpha-hydroxyprogesterone levels and at higher doses
The importance of melatonin as the most criticabf 100, 200 and 40@m/fish further reduced it to
candidate involved in the mediation of photic effects oRon-detectable levels. Fundulus similesmplantation
piscine reproduction has been emphasized in sevetimelatonin induced asynchronous spawning in rainbow
studies. Melatonin is important in controlling thetrout (94). The effects offf, 10 injections over 20 days)
reproductive seasonality by stimulating the final stages gfelatonin (75g/100 gm BW) on gonadotropin secretion
sexual maturation and by synchronizing the oocytgnd ovarian activity were studiecHieteropneustes fossilis
maturity with optimal timing of spawning (8Mlelatonin  during the late preparatory to early prespawning phase
has also been found to affect estradiol levels in matuggowed significant reductions of plasma GtH and estradiol-
carp females (88) and to indirectly influence the GtH Ii 7beta levels, the gonadosomatic index, frequency
secretionvia hypothalamic stimulatory (GnRH) centersdistribution of vitellogenic and postvitellogenic oocytes
(89, 90). In Atlantic croakeiMicropogonias undulates and ovarian and seruiiP-labelled alkali-labile
melatonin influences LH secretion directly at the pitUitarbhosphoprotein (amarker of vitellogenic activity) and most
level and indirectly at the brain level (91). Melatonin hagf the oocytes were nonvitellogenic or had undergone atretic
been considered as one of the candidates that mediatedhgnges (95)ntraperitonealinjection of melatonin during
transduction of photoperiodic information to the brainthe late light phase of the day-night cycle elicited a
pituitary-gonad axis in gonadal maturation of precociousignificant elevation in plasma GtHlIl levels during the dark
male masu salmon (11). But the mechanism by whigkhase in Atlantic croakévlicropogonias undulatesyith
melatonin performs this function remains speculative. Oiilly developed gonads. Melatonin stimulated GtHll release
the other hand, a study on the rainbow trout suggestgdring the late night and early and mid-dark phases. No
that the pineal organ may not be the site of pacemaker tegjnificant effect of melatonin on GtHII release was
controls rhythms, and further research is required to stugyserved in the regressed croaker. Melatonin injection
the involvement of other photoperiod-tranducing systemsto the third ventricle in the preoptic anterior hypothalamic
and melatonin (non-pineal origin) in the regulation angrea (POAH) of croaker with fully developed gonads
expression of circadian rhythm in this species (13)esulted in an elevation in plasma GtHII concentrations,
Likewise, a study in female three-spined sticklebacknd a low concentration of melatonin stimulaitegitro
(Gasterosteus aculeafusdicated that a major part of GtHIl release from the pituitary fragments of this fish with
the photoperiodic effects is mediatéamechanisms other fully developed gonads suggesting that melatonin can
than circulating melatonin (3). Another study in this specigafluence GtHII secretion by acting at the level of POAH
suggested the potential inhibitory effect of melatonin oand also directly at the pituitary to stimulate GtHIl release
reproduction in short photoperiod and stimulatory effeqd1). Mazuraigt al (96), by studying the effects of melatonin
in long photoperiod (92). It was found that the nocturnajn estrogen receptors (ER) and/or vitellogenin expression
rise of melatonin was associated with the nocturnal pealfaderin vivo andin vitro conditions, suggested that
of plasma LH in both control and long photoperiodignelatonin had no or little effect on estrogen receptor in the
groups of caged European sea bBs&sshtrarchus labrax Jiver.
(17). On the basis of this study, it may be postulated that
melatonin may possibly be acting at some other level of
the hypothalamo-hypophyseal axis, serving as a signal
the brain (or particularly for the pituitary) to secret
specific gonadotropins (17).

Feeding of pellets sprayed with melatonin (0.5
/kg body weight/day) to male masu salmon induced
estlmulatory effects on GSI, pituitary gonadotropin GtH-|
content and testosterone levels when reared under LD 16:8
(11). In male sticklebacks administration of melatamn
EFFECTS OF EXOGENOUS MELETONIN ON  water on a schedule aimed at mimicking short stimulatory
FISH REPRODUCTION photoperiod cycle did not inhibit maturation in fish kept

Dose-dependent effects of melatonin ordt Stimulatory long photoperiod (3)he inhibitory role of

reproduction were studied by Singh and Lal (93) in catfisfélatonin on gonadal activity has also been documented
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in Channa punctatug27, 97). It has been inferred thataccelerate the action of MIH on piscine oocytes through
hypothalamic 5-HT may play a central role in photo-sexual interaction between the receptors of melatonin and MIH.
mechanisms and mediate long photoperiodic effects ¢iowever, the matter remains speculative till further study.
neuroendocrine-rgproductive axis. The photoperiodic Stu%yeceptors of melatonin in relation to reproduction in

on the same species revealed that a schedule of LD 16:

stimulatory whereas LD 8:16 regime is inhibitory to the

testicular activity at 3 temperature (29). But the role Types of melatonin receptors

of pineal in this phenomenon remains unknown. Melatonin Melatonin acts through different specific

administration irH. fossilisfor 20 days at 6 to 8 hr after G_protein-coupled receptors which have been identified in
the onset of light phase inhibited vitellogenesis, inducegh rious neural and peripheral tissues (101, 102).
follicular atresia and lowered the number of pitUitarlRadioreceptor assay techniques using!2]
gonadotrophs during the pre-spawning phase and induggdomelatonin (5] Mel) as the radioligand have
ovarian regression and lowering of pituitary gonadotroph$emonstrated two types of plasma membrane-associated
in the spawning phase (32). Nayak and Singh (98) reportgg|atonin binding sites, namely, ML1 and ML2 (103, 104).
melatonin as anti-steroidogenic (. batrachus In  ML1 has a high affinity to'fsl] Mel and belongs to the G-
contrast, no effects of melatonin treatment on ovarigsrotein-coupled receptor family, while ML2 with a low
activity or on vitellogenin levels were observediirossilis  affinity to [*251] Mel has been identified as quinone
(99). Administration of melatonin at lower concentrationgeductase2 (QR2). Studies employing molecular techniques
(25, 50ny/fish) toC. batrachussignificantly lowered the revealed the existence of three different subtypes of
17-alpha hydroxyprogesterone levels and higher dosgglatonin receptors, namely, MT1, MT2 and Mellc (101,
(100, 200 and 40@rg /fish) further reduced it to 105, 106). MT1 and MT2 are widely distributed in
non-detectable levels (93). vertebrates (101, 107). On the other hand, Mellc has been
cloned only in nonmammalian species such as zebra fish,

Modulation of the actions of gonadal steroids by clawed toad and chicken (101, 106).

melatonin in oocyte maturation
MT1 is the principal melatonin receptor detected
A recent study on carp oocytes (1ooinsthe suprachiasmatic nuclei (108-110), the location of

demonstrated, for the first time, that melatonin accelera . . )
the action of 17alpha, 20beta-dihydroxy-4-pregnen-3-orn e master circadian clock_sygtem n m_ammals (111, 112).
’ Mt wever, most of the piscine studies demonstrated

(17a|pha,_20betaDHP), the potenjc MIH_m_ f[eleosts, ar}ﬁ@latonin receptors on the whole brain (113, 114). MT1
thereby stimulates oocytes maturation. Inithigtro study

: is expressed in the hypothalamic suprachiasmatic nuclei
oocytes were mc_ubated for4 -, or8 -, or12- 0r16 i, 5y he hypophyseal pars tuberalis, where it is
post- administration of MIH, and the effects of treatmel%S

) . esumably involved in circadian and reproductive
on oocyte maturation were evaluated by considering t ponses (109). Recently, MT1 and MT2 melatonin

rate (%) of germinal vesicle breakdown (GVBD)receptor expression has been found in the liver, kidney,
Administration of melatonin along with MIH (at Ohr e(ing and brain of the golden rabbit fiSiganus guttatus
interval) or 2hr after addition of MIH did notresultinany ;15 116). The study on the same fish (116) demonstrated
significant change in the rate of GVBD compared t0 thg{at melatonin receptors in the neural and peripheral tissues

in a medium containing only MIH. However, incubatiorhaye closer identity to non-mammalian MT1 (82-92%) than
of oocytes with melatonin, especially 4hr prior to additiofy MT2 and Me)_ (63-69%).

of MIH in the medium, led to an accelerated rate of GVBD . o _

in the oocytes. Further study revealed that pre-incubatil:))lllu.rnal var|at|on§ of melatonin receptors and the
with melatonin accelerated the action of MIH on th&€tions of melatonin

formation of a complex of two proteins (MPF), a regulatory Diurnal variations in the melatonin binding sites
component called cyclin B and the catalytic componeit the retina and whole brain (17, 111, 113, 117), and in
protein kinase known as cyclin-dependant kinase, Cdkie melatonin receptor gene expression in neural tissues
Moreover, determination of Hkinaseactivity as an (118, 119) were reported in several species. A day-night
indicator of MPF activity in oocytes revealed that melatonighange in proportion of Mel receptor subtypes, Mella and
pre-incubation considerably increased MIH stimulation dflellb was evident in the optic tectum-thalamus of
histone H1 phosphorylation as compared to MIH alorieuropean sea bass (17). On the other hand, molecular

(100). It appears possible that melatonin may modify @spects of diurnal variations in melatonin receptors have
been reported in the chum salm@n¢orhynchus keja
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for MT1 and MT2 (114). A high expression of MT1 mMRNACONCLUSION
with a day-night difference was observed in the whole brain, The pineal oraan of fishes contains photorecentor
liver and kidney of the golden rabbit fish. The expression P 9 b b

of MT1 mRNA in the cultured pineal gland also showeﬁe“.s ar:jglogoustto the gonei O.f rter;una.hTthese ce:_ls consttltutg
diurnal variations with high expression levels during nig circadian system and contain In€ photoreceptive unit an

time suggesting that the increased expression level obsel&f] rr]nel_ator:nn prodl_Jcmgf unl}. Th'.s all?]\(vi genelrapon r?.f a
in the whole brain is partially of pineal origin. Alteration™Ythm in the secretion of melatonin, which results in a hig

of light conditions in the pineal gland cultures resulted ROcturnal production and low diurnal production. The
changes in melatonin release into the culture medium aythm is synchronized to the alteration of light and dark,
well as MT1 mRNA expression in the pineal glandth® 24 hr LD cycle, but other factors from external
Takamuraet al. (5) found that in the golden rabbit fish,(temperature) or internal (neurotransmitters) origin may
the melatonin level in the blood circulation exhibits botRodulate the shape of the oscillations. However, the available
diurnal and lunar (with an increase during the moon peridifgrature suggest that despite apparent homogeneity in the
variations. Such a duality may imply that melatonigtructural organization of the pineal organ in teleosts (10,
receptors are also involved in the regulation of daily arffif), a wide range of variations exists in the mechanism
monthly activities through melatonin actions in this fislinvolved in the regulation of reproduction in different fishes.
species. It is possible that circulating melatonin itself maihe results of the response of gonadal activity to surgical
have regulatory influence on melatonin receptors, amoval of pineal organ under both natural and altered
reported in the brain of goldfish (113). photothermal conditions indicates the possibility of pineal

The density and affinity of melatonin binding sitergan being an important component of the neuroendocrine-
were higher at mid-day than at mid-night in shangdonadal axis. The influence of exogenous administration of

pinealectomized gold fish brain under light-dark cycleébe hormone melatonin on gonadal activity points that the

The rhythms disappeared after pinealectomy or const eal organ may pl_ay an important role in the regulation of
light exposure, both of which abolish plasma melatonﬁ’?'omdUCtlon _by act|.ng asa trgnsducer of the environm ental
rhythms, indicating that the diel changes of melatonffH€S: AS.’ the Intensity of light !nfluence_s_the producthn of
binding sites in the goldfish brain are regulated b elatonin in the pineal, there is a possibility that the pln_eal
endogenous melatonin of pineal origin (120). Regardi otoreceptor molecules may have some seasonal and diurnal

reciprocal relationship between melatonin and melator ythms. A critical analysis of the existing literature clearly

binding sites, it was proposed that melatonin itself regula{@sﬁleas an inadequacy of information relating to the

melatonin receptors, because a reverse pattern of their dQQIJenC_eS OL photodpel'riods ro]n hendogenouz Er(?]file_s of
variations was found in the brain of goldfish (113). AN atonin and gonada growth, the nature and behavior of
increase in the MT1 mRNA expression occurs durir;%ﬁﬁerem p'Uea' photorec_eptor molecul_es in refation to

nighttime in the brain and the retina of the golden rab {osy_ntheS|s c?f r:nelaﬁor_nn gnd lphoto—(ljndu_ced gonagal
fish (116). The high expression of another type ofmelator{MnCt'onS’ and the photic signal transduction cascades

receptor, Me], or MT2 during day time has been noted ijnvolved in the synthesis of melatonin in relation to the annual
the liver ,an d kidney oBiganus guttatugl16) reproductive events. Additionally, demonstration of the role

of melatonin and its receptors on the ovary in the

Melatonin and melatonin receptors positively playhotoperiodic regulation of fish reproduction is an interesting

arole in the regulation of vitellogenesis, during which th@ypic of future research. Thus, it appears meaningful to
yolk precursor protein (vitellogenin) is synthesized in thgndertake a study in more fish species inhabiting different
liver under the influence of estrogens followed by its aCti\{%/dro_remms on different pinea| photoreceptor molecules

incorporation into the developing oocytes (121). Furtheind melatonin output in respect to the different reproductive
support to this contention is available from the report thgfrata and photo-schedules.

melatonin treatment and pinealectomy failed to induce gene

expressions of estrogen receptors and vitellogenin %KNOWLEDGMENTS
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