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Abstract

One major challenge in Asian aquaculture is thédichavailability of carp fries. In order to
establish out of season supply of fries, knowlealgeut the pineal melatonin clock and
calendar function, and its influence on the repotige system, is needed. Three experiments
were carried out to examine pineal melatonin dyrarof mrigal carpQirrhinus mrigala),
under natural outdoor, and manipulated photoperiBdsma melatonin profile of the mrigal
carp kept under natural outdoor photoperiod reaehgelak early in the dark phase, and then
showed a tendency of falling plasma melatonin weitil daytime levels were reached at
first light. The second experiment intended to celproduction of melatonin at different
times during the light phase, and gave productfanelatonin only in late afternoon. This
indicates a refractory period of the pineal glandrty daytime, and that production of
melatonin might be controlled by a circadian cldckthe third experiment, animals were
exposed to continuous darkness. The resulting @aseiatonin profile was in accordance
with subjective darkness and light, with a peak latthe dark phase. This further supports
the assumption that a circadian clock controlsadingelatonin production and secretion in

the mrigal carp.



Sammendrag

Den stgrste flaskehalsen i asiatisk akvakultureer sesongbegrensede tilgangen pa
karpeyngel. For a oppna kontinuerlig tilgang paglrica karpene, kreves kunnskap om
melatoninsystemets klokke- og kalenderfunksjon,tsamrdan dette pavirker reproduksijon.
Det ble utfgrt tre eksperimenter for & undersgkedi melatoninutskillelse i karpearten
mrigal (Cirrhinus mrigala) under naturlig utendgrs, og manipulerte fotopero
Melatoninnivaet i blodplasma fra mrigal under niguutendgrs fotoperiode nadde en topp
tidlig i markeperioden, og hadde deretter en sydkdrndens til lyset kom tilbake og dagtid-
verdier ble nadd. Et eksperiment hvor hensikterévigangsette melatoninproduksjon pa
dagtid, gav kun produksjon av melatonin sent pgreitidagen. Dette indikerer at
pinealkjertlen har en refrakteer periode hvor meleforoduksjon ikke kan settes i gang, og at
produksjonen er kontrollert av en circadiansk kimkkdet tredje eksperimentet ble
forsgksdyrene utsatt for kontinuerlig mgrke. Redattvar en melatoninprofil i samsvar med
subjektivt lys og marke, hvor topp-punktet ble n&ddt i markeperioden. Dette statter
antakelsen om at en circadiansk klokke kontrollpreduksjon og sekresjon av melatonin fra

pinealkjertlen hos mrigal.
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Introduction

The Food and Agricultural Organization (FAO) of theited Nations emphasize aquaculture
as being of major importance regarding future feecurity, employment and gender equality
in developmental countries (FAO 2010). It is espigidesirable to increase production of
herbivorous and omnivorous species, which do rmiire a large amount of animal protein
for growth, compared to carnivorous species (TaomhMetian 2008, Benfey 2011). One
major problem in expanding the aquaculture industidevelopmental countries is a limited
availability of carp fries (Sarkat al. 2010). The goal is therefore to achieve out atea
production of fries through manipulation of thegagproductive system in low latitude
countries. One main research strategy at the Noamndgniversity of Science and
Technology is to be involved in studies relatedlttbalization and climate change.
Accordingly, the Sustainable Poverty Reduction ephl (SPRN) — project was developed to
improve food security in Nepal through aquaculg@BERN 2008). The present work reports
results from studies of mrigal car@ifrhinus mrigala) response to environmental changes in

photoperiod.

Biological rhythms and seasonal change

Behaviours and physiological processes in telesats) as feeding, rest and locomaotion,
shoaling behaviour, oxygen consumption, thermowgur and skin pigmentation may be
influenced and regulated by environmental cuest(Bksand Meiss| 1997, Falc@hal.

2007, 2010, 2011). Survival of temperate specideendent on seasonal events and
processes (e.g. growth, migration, and reproducrbeimg performed at the most suitable
time of year. Thus, spawning should take place vtherenvironmental conditions ensure
maximal survival of the offspring (Falc@hal. 2011). Since the maturation process may take
several months, the reproductive event must bexied under very different environmental
conditions from those present when the offspringlhéBromagest al. 2001). Fish must
therefore be able to anticipate the coming seasonder to initiate appropriate physiological
processes in time (Bye 1984, Reiter 1993).

Photoperiod is one of the factors involved in syoaizing daily, seasonal and annual events
in temperate species, it is a zeitgeber (Ascha®b)90ther environmental cues available to
fish are changes in temperature (Glassal. 2004), seasonal rainfall and food availability
(Bromageet al. 2001, Sarkaet al. 2010, Migauckt al. 2010, Bye 1984). However,

photoperiod and temperature are assumed to beimpoetant for temperate and high



latitude species, and photoperiod represents tist nuise-free signal (Migaua al. 2010).
Animals inhabiting equatorial areas are not expasdtle same variations in photoperiod
through the year as seen in temperate and highdatregions. For these species other
seasonal cues, such as temperature (Garcia-lebpe2006) and seasonal rainfall (Susio

al. 2009) are assumed to be of greater importance.

Circadian clocks

| addition to environmental influence and regulatad physiological processes, fish also
possess endogenous circadian clocks that orgamiseegulate their physiology (Zhaepal.
2011). A molecular circadian clock is a systemrafnscription factors that feedback on each
other, and are transcribed and translated witHlasons of approximately 24 hours (Prasgi
al. 2011). Pineal production of the hormone melatgNHacetyl-5-methoxytryptamine) is in
most fish controlled by cellular circadian clockssiach photoreceptor cell. This circadian
clock is suggested to consist of two sets of tnapton factors, BMAL/CLOCK and
PER/CRY, that influence each other in a cyclic naar(fig. 1). BMAL/CLOCK acts
positively on the transcription of PER/CRY, whide&n give negative feedback on
BMAL/CLOCK. Per2 is in addition reset during phoéintrainment of the circadian clock,
and influence activity of the rate limiting enzyiioe melatonin production, arylalkylamine N-
acetyltransferase (AANAT), which is a clock cotied gene (Falcomt al. 2011, Zhangt

al. 2011, Prasaat al. 2011). Because of this circadian clock, the digiand will still

produce high levels of melatonin during the sulyechight, and low levels of melatonin
during the subjective day, when kept under constark conditions (Bolliegt al. 1996,

Cabhill 1996, Oliveireet al. 2009a). There are however some exceptions tgémsral rule,
such as in salmonids. They do not have a circad@ok controlling production of melatonin
in their pineal cells, and instead, melatonin piddun is controlled by changes in light and
dark conditions directly (Max and Menaker 1992¢lgyal. 2007a).
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Figure 1:Control of melatonin production in a teleost pinglbtoreceptor cell. The transcription factors
BMAL/CLOCK and PER/CRY feedback on each other. Reflilates Aanat gene expression, and is in additio
reset by morning light. For details, refer to taett AANAT: arylalkylamine N-acetyltransferase; N-a
serotonin: N-acetylserotonin; HIOMT: hydroxyinddlemethyltransferase. Modulated from Fal@bal.

(2011).

The pineal gland and melatonin production

Animals must be capable of registering changeberlight-dark cycle, and to display a
physiological response to this. Different vertebrgitoups register changes in light-dark
conditions in different ways, but all have in conmrtbat the output signal from this system is
the hormone melatonin (Falcéhal. 2009). Pineal melatonin is produced only in dagsnas
its production is inhibited by light (Falca@hal. 2010). The pineal gland produces the
melatonin which is secreted to the blood circulagystem of the animal (Falc@&al. 2009).
This gland phylogenetically stems from a photorémeprgan (Simonneaux and Ribelayga
2003), and the major difference in pineal funciioihigher and lower vertebrates is related to

anatomy and location of the gland (Ekstrom and BI€iS97).

In teleost fish, the pineal gland is a directly fgsensitive gland located above the forebrain
(Fig. 2), connected to the brain by the pineakstal some species the lumen of the pineal
gland is connected to the third ventricle, andlisd with cerebrospinal fluid (Omura and
Oguri 1969, Ekstrom and Meissl 1997). Light readiespineal gland through a pineal
window in the skull roof, and hits photoreceptolis;avhose melatonin production is
inhibited by light (Ekstrom and Meiss| 1997).



Figure 2: Evolution of the pineal gland in vertelesa The pineal gland of teleosts (upper left, retadl) is
located above the brain and is directly photosimesiThrough evolution there has been a developmhosvards
an internally located gland in mammals (upper rightircled) that is not directly photosensitiveeToss of
direct photosensitivity can also be seen in this cepresented in the lower panel, as they lode the
photoreceptive part (outer segment). FO: frontghar PaO: parietal organ; PO: pineal organ; PP&xpireal
organ. Modified from Falcéet al. (2009).

Transmission of light information differs in mammaind teleosts. In mammals, light reaches
the eyes of the animal, and the information is eyed through several nervous pathways to
the pineal gland (Fig. 2), where neuroendocrinks ggbduce melatonin in response to
secreted noradrenalin (Simonneaux and Ribelayga, Z&0conet al. 2010, Waltoret al.

2011).

Production of melatonin in the pineal gland is arfstep process. The starting amino acid,
tryptophan, is taken up from the circulation andwarted to melatonin through several
enzymatic steps (Fig. 3), that takes place in d=s&nlight, or both (Falcdet al. 2010, 2011).
The rate limiting enzyme, AANAT, catalyse the peimate step in this process (Falcgiral.
2001, Seth and Maitra 2010). AANAT is responsilolethe typical differences in plasma
melatonin concentration seen during one light-agxdte, with high levels during the dark
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phase and low levels in ligffalccn et al. 2001) A cellular circadian clock in each pine
photoreceptor celfegulates amount and activity of AANAT (Fig.. In addition,melatonin
production is inhibited blight (Falconet al. 2009) as this degrades the enz (Falconet al.
2001). In most vertebratéisere it one AANAT gene, but because of a genome duplicaiic
teleosts they have twANAT1 found in the retina, and AANAT@undin the pineal gland
(Coonet al. 1999).

Trytophan _________JIIIIIIIIII

L b
TpOH
S-hydroxytry ptophan
AAAD

\4

serolonin

e d. |

AANAT |

v

N-ac-serolonin I |

HIOMT

MELATONIN ﬁ

Figure 3:Production of melatonin is a four step process enzymes that are active either in light, darkne:
both. Bars at the top of the figure representitjig kconditions. Asterisk marks the light sensitstep. AAAD:
aromatic aminoacid decarboxylase; AANAT: arylalkyia N-acetyltransferase; D: dark; HMT:
hydroxyindole-Omethyltransferase; L: ligt N-ac-serotonin: N-acetylserotoniipOH: tryptophan
hydroxylase. Modified from Falccet al. (2011).

Melatonin production and plasma levels are highnduthe dark pha;, and inhibited by light
independenof the activity pattern of the animal. For didrspecies such as humans, rest
sleep will be associated with high plasma melatéewels, while in nocturnal species suct
some rodents, melatonin levels will reach a maximmen the animal is mc active (Reiter
1993, Challet 2007)There are variations in both amplitude and dan of melatonin
secretion, related to relative length of light and dark periodgEkstréom and Meissl 199
Falconet al. 2007) During summer in temperate regions, photoperiod is long and the de
period is short, anthelatonin secretion durii night will be short in duration, but have hi
amplitude. The opposite is the case during wintten days are short and the dark peis
longer; there is a londurationof the melatonin production, but the amplitudeoisér



(Garcia-Allegueet al. 2001, Falcoret al. 2007). Based on the plasma melatonin profile
through the light-dark cycle, and these differenttesugh the year, melatonin levels can be
used as basis for a clock and a calendar (Rei#3,X8arcia-Alleguet al. 2001). In this way,
the animal can anticipate the conditions it willefydoth during the day and the shifting

seasons of the year.

In general, blood plasma melatonin levels in vedtds during one light-dark cycle are
elevated at night, and suppressed during daytifne specific melatonin secretory pattern
may however vary between different vertebrate ggedihus, three different melatonin

profiles (Fig. 4) have been documented (Reiter 1888 06net al. 2010).

Description of rhythm

Type A: Discrete peak in late dark phase

Species: Syrian Hamster
Mongoloian Gerbil
House Mouse
Cod
Haddock

|

Type B: Discrete peak in mud dark phase

Species: Albino Rat
Eastern Chipmunk
Turkish Hamster
Human

Nile Tilapia
—| S P

Tyvpe C: Prolonged peak through the niajority
of the dark pahse

Melatonin levels

]

Species: White - Foot Mouse
Djungarian Hamster
| | Domestic cal

Sheep
Atlantic salmon

I Rainbow trout

Atlantic halibut

T
L300 1708 2000 OLoD 0500 0900 13040

time of day (hours)

Figure 4: Patterns of melatonin secretion durirgdark phase in different animals. There are thegmtions of
plasma melatonin profiles seen in vertebrates; thifgr in timing and duration of the peak in plesmelatonin.
Bar at the x-axis represents darkness. From Faifcdn (2010).

In type A (Fig. 4), there is a delay from the onsielarkness until peak level of melatonin is
reached late in the dark phase, as seen in AtlaatidGadus morhua) and haddock
(Melanogrammus aeglefinus). Type B profile exhibits a peak in plasma melatdevel

during the middle part of the dark phase, as se&tilé tilapia Oreochromis niloticus).

Finally, type C plasma melatonin profile is seemimmals that do not have a circadian clock



controlling pineal melatonin production, and thasretes melatonin passively in response to
darkness. This gives a rapid increase in plasmatoreh immediately at the onset of
darkness, and an evenly elevated plasma melatewéh through the dark phase, until light

comes back. This profile type is mainly seen imgadids. (Reiter 1993, Falcd@bal. 2010).

Salmonids respond directly to changes in the lddri conditions, and are not controlled by a
circadian clock. During a period of extended dadsniey will therefore secrete high levels
of melatonin independent of the time of day (Gerd &reenhouse 1988, Max and Menaker
1992). In most other fish species the light sevsifiineal production of melatonin is under
control of a circadian clock, which gives a rhytimmmelatonin secretion based on subjective
day and night, even if kept under constant darlditamms (Bollietet al. 1996, Cahill 1996,
Oliveiraet al. 2009a). There are however exceptions to this ageeen in European sea bass
(Dicentrarchus labrax) and Atlantic cod, where both the eyes and thealigland are

required to sustain a rhythm of plasma melatoneyéBriet al. 2003). In Nile tilapia and
African catfish Clarias gariepinus), the pineal gland appears not to be light sergsiand the

eyes are more central to regulation of pineal meiatproduction (Migauet al. 2007).

Extrapineal production of melatonin
| addition to pineal melatonin, there are otherrses of melatonin in the body, of which the

retina and the gastrointestinal system are the mygsirtant (Velardet al. 2010).

Enzymes that take part in the production of melatbave been identified in several cell
types in the retina, such as photoreceptors, diglinghe inner nuclear layer and ganglion
cell layer (luvoneet al. 2005, Besseagt al. 2006, Falcoret al. 2010). The pattern of retinal
melatonin production is not as uniform as seeménpineal gland (Falcéet al. 2010). For
some species, such as zebra f3anjo rerio) and goldfish Carassius auratus), one has
documented retinal melatonin release pattern mimgcthat of the pineal gland, with
stimulated melatonin production during the darkgghand depressed production during
daytime (Cahillet al. 1991, 1996, ligeat al. 1997a). In European sea bass and rainbow trout
(Oncorhynchus mykiss) there is an increase in retinal melatonin ledeisng light (ligoet al.
1997b, Garcia-Alleguet al. 2001, Besseat al. 2006). In contrast, Japanese @eliglilla
japonica) and Japanese seapertchtéolabrax japonica), do not exhibit a pattern in retinal
melatonin release through the light-dark cycleqkgal. 2007b). Melatonin produced in the
retina is assumed to have paracrine and autoarmaidbns within the retina itself, and

therefore, does not reach the general circulatiarontribute to the blood plasma melatonin



levels (Falcoret al. 2010, 2011). Among the putative functions of rtaian in the retina, is a
role in dark-adaption, and protection from oxidatstress (luvonet al. 2005, Falcéret al.
2010).

In gastrointestinal (gut) tissues of several vedtds, levels of melatonin are documented to
be 10 — 100 times higher than in plasma (BubenikRang 1997). The enterochromaffin
cells in gastrointestinal mucosa produce this gefatonin (Huether 1993, Bubenik 2002).
There has been much debate regarding whether datam can affect plasma levels of
melatonin, because this would disturb the cloclcfiom of pineal plasma melatonin
considerably. One proposed hypothesis is that glétonin undergoes enterohepatic cycling,
meaning that melatonin produced in the gut is frarted through the portal vein to the liver,
where some is degraded, and the rest is recycléabtgallbladder (Herreret al. 2007),

before it re-enters the gut through the bile. Tlyastrointestinal melatonin is suggested to
take part in communication between gut and lived does not reach the general circulation
(Messnetet al. 2001). Other functions assigned to gut melatomjorotection of the mucosal

cells, scavenging of free radicals, and a funcis@an antioxidant (Messneral. 2001).

Reproduction of teleosts

Puberty is the process that makes animals abkptoduce for the first time. This takes place
by activation of the hypothalamus — pituitary — gdrfHPG) axis, controlling maturation and
reproduction (Okuzawa 2002). Gonadotropin releasorgnone (GnRH) secreted from the
preoptic area (POA) of the hypothalamus is the maitrol hormone in the HPG-axis (Fig.
5). It stimulates the anterior part of the pitwtgtand to produce the gonadotropins; follicle
stimulating hormone (FSH) and luteinizing hormobE) (Kah and Dufour 2011). In male
teleosts, FSH and LH stimulates spermatogenesipmaatliction of the testicular hormones,
such as testosterone, 11-ketotestosterone, ghtlydroxy-androstenedion (Knapp and
Carlisle 2011). In female teleosts, growth and tiguaent of oocytes is under the control of
FSH, which stimulates production of ftéstradiol, while LH stimulates maturation and
spawning by initiating production of &,203-dihydroxy-4-pregnen-3-one, also called
maturation inducing hormone (MIH) (Urbatz&gal. 2011).
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Figure 5: Photoneuroendocrine control of the hyalatimus-pituitary-gonad (HPG) axis in teleost. Rhoti
information and melatonin is suggested to havegalatory role at several levels in the control aftoration
and reproduction. Dop: dopamine; FSH: follicle stiating hormone; GABAy-aminobutyric acid; GH: growth
hormone; GnRH: gonadotropin releasing hormone; HB@othalamus — pituitary — gonad axis; IGF: insuli
like growth factor; LH: luteinizing hormone. Mol from Migaudet al. (2010).

In addition to GnRH, neuropeptid Y (NPYj;aminobutyric acid (GABA), gonadotropin
inhibiting hormone (GnlH), and kisspeptins (Fig.abjects both GnRH and gonadotropin
production and secretion (Kah and Dufour 2011). &lotrops are also regulated negatively
by dopamine. In addition to all these factor, stexads such as Bfestradiol, testosterone,
and MIH exert feedback on the HPG-axis (Kah andobuf011).

Timing of maturation and reproduction is of crugraportance to ensure maximal survival of
the offspring. Environmental cues help animalsaypdite the coming season, and to time the
reproductive event (Bromageal. 2001). Changes in photoperiod is regarded the nouse

free environmental cue (Migawtial. 2010), and melatonin is its most important
physiological output. It is quite clear that phagapd is an important factor in regulating the
reproduction of temperate and high latitude telspsties (Fig. 5), but the precise mechanism
for how photoperiod and melatonin can regulateiafidence the HPG-axis is still unclear
(Pankhurst and Porter 2003). It is known that nogliat together with information from the
eyes is integrated in the preoptic area (POA) efttfain. This area also influences the
pituitary and the releasing factors that affectgheitary, such as GnRH, and the dopamine



system (Falcomet al. 2007, Dufouret al. 2010). Evidence also suggest that melatonin can
affect other levels of the HPG-axis, and that &lcleystem could be controlling reproduction
(Migaudet al. 2010). These possible effects of melatonin oruraéibn and timing of
reproduction, makes knowledge about the melatoystem crucial to the commercial fish

farming industry.

Control of maturation and reproduction in tempesgecies (salmonids)

In a commercial context, the goal is to producesaimum number of offspring from the
available broodstock at a desirable time of yeaolfiageet al. 1992). This can be achieved
by manipulating environmental cues registered leyahimals. In salmonids and other
temperate fish, manipulation of photoperiod is imi@ot in regulating timing of maturation
and spawning (Tarangeral. 2010). For other farmed fish species, manipulabion
temperature can be equally important (Taramgal. 2010). In some species it can be
difficult to mimic the correct environmental cuesstart maturation in captivity, and in these

cases, hormonal treatments may be an alternatiy(idset al. 2010).

Sexual maturation is a costly process, and ressursed to complete maturation results in
less resources available for somatic growth (Thetaé 1990). In addition, fish held in
culture do not meet the same challenges as ineyand will have a strategy of growth and
increased size only until a certain critical siequired for maturation is reached. Sexual
maturation then proceeds at the cost of furtherasiengrowth (Thorpe 2004). The quality of
the flesh will start to deteriorate when animakscte sexual maturity, and it is therefore
desirable to avoid pre-harvest maturation (Akssted. 1986). This can be achieved by
controlling the photoperiod that the animals arpomed to. Exposing immature salmon to
continuous light (LL) from winter solstice can reduthe percentage that reaches early
maturity (Oppedaét al. 1997, Schulzt al. 2006, Migaucet al. 2010). The opposite effect
can also be the intention of manipulating salmawing access to eggs and milt at all times of
the year by changing the timing of spawning. Althlothese processes have different aims,
they need to be initiated months in advance toeaehihe best possible result (Bromagal.
2001).

Control of maturation and reproduction in tropiaall subtropical species (carps)

Fish inhabiting tropic and subtropical areas amgosed to minor or no seasonal photoperiodic
change throughout the year. Seasonal cues suemastature (Garcia-Lépezal. 2006,
Oliveiraet al. 2009b), and seasonal rainfall (Sugl@l. 2009), has therefore been regarded
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as more important in timing of reproduction in thepecies (Bye 1984, Bromageal. 2001).
Tropical and subtropical species does however hduactioning melatonin system as seen in
all other teleosts (Bolliedt al. 1996, Oliveiraet al. 2009a, Guttu 2011, Holtan 2011), and
several studies have shown that changes in phatopend plasma melatonin levels can
influence the reproductive status of these fisltigse(Daviest al. 1986, Campos-Mendoza

et al. 2004).

Sexual maturation can be manipulated to occur duvimter, several months before it
naturally would by use of longer photoperiod anghhivater temperature (Sarlaral. 2010).
The effects of changing the length of the photagkrdepends on what reproductive phase
the animal is in. A longer photoperiod will in tpeeparatory and pre-spawning phases be
stimulating to oocyte maturation and spawning, @hilshorter photoperiod in the
preparatory, pre-spawning and spawning phasesaxi an inhibitory effect (Degt al.

2005, Maitra and Chattoraj 2007). Although therense to be reason to assume that duration
of, and changes in photoperiod, are important faategulating maturation and spawning in
tropical and subtropical species, other importantdrs, such as temperature, must still be
kept in mind (Billardet al. 1978, Stacey 1984, Draaf al. 1994, Peter and Yu 1997, Glasser
et al. 2004).

The hypothalamus-pituitary-interrenal (HPI) axis

According to Selye (1973), stress is “the nonspeod#sponse of the body to any demand
made upon it”. A stressful stimulus that disturte internal dynamic equilibrium, induces a
response to re-establish this homeostasis. Dunisgésponse, catecholamins (adrenalin and
noradrenalin), are immediately secreted from chifémeells in the head kidney, and the
HPI-axis is activated, secreting the main teleosti@steroid, cortisol, from interrenal cells
in the head kidney with a short delay. This resumlta suit of essential physiological
responses that makes the animal capable of regtitieninternal equilibrium (Wendelaar
Bonga 1997, Barton 2002, Pankhurst 2011). Thessiglogical changes affect the animal at
many levels (Ashley 2007), and in research it isonant to exclude the possibility of stress
in experimental animals affecting the physiologigatameter one is studying.
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Aims of study

To develop a successful aquaculture in Nepal, ssulestablish a beneficial fish pond culture
among poor people, one need to increase the sopplrp fries throughout the year. Such
ambitions call for more knowledge about the carpatoain system, and its possible

mediation of photoperiodic control of maturation.
The aims of the present work were to answer folhgnquestions;

o0 Which plasma melatonin profile does mrigal carpileitlif kept under natural outdoor
photoperiod?
o Can melatonin production be induced during daytiintiee mrigal carp is subjected to

darkness?

o Does the plasma melatonin profile change if thegaircarp is kept under continuous
darkness?

o0 Does cortisol influence circulating plasma melatdewvel in the mrigal carp?

12



Materials and methods

Working site and conditions

Experiments were conducted during March 2011,eaMhandal fish farm, located between
Butwal and Bhairahawa cities in the Terai area epdl (Fig. 6). Nepal is a country that
despite a small area (147 181%nhas very large variations in geography and déma
ranging from tropic lowland close to the Indian dbr, to tundra and glaciers near Mount

Everest (8848 metres above sea level) in the Hyaal@Haugan 2012).
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Figure 6: Map of Nepal. Experiments were conduete®7° northern latitude close to Butwal city (idbat) in
the Terai area of Nepal. Modified from Lonely Pla(2011).

Outdoor photoperiod at study site was measured DX&00, Digital illumination meter),
results are given in Figure 7A. Corresponding cleang luminance were also documented in

the outdoor experimental tanks (Fig. 7B).
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Figure 7: Recorded luminance of ambient outdoditl{@) and ambient light within experimental tar(i8;.

Experimental animals and design

Mrigal carp Cirrhinus mrigala) was used in experiments designed to documenmplas

melatonin levels during natural and manipulatedipperiods. Research animals were bought
at the Mandal fish farm, and kept in holding taffkg. 8) at the farm (2,5m x 1,5m, 1m
deep). These fish, aversaging 67,0 £ 15,9 g ar2l2Q,3 cm, were in a pre-pubertal life

stage, as no external or internal signs of matmatould be documented.

Figure 8: Working site with experimental tanks esga to natural outdoor light conditions (A,B), awvered

up with black plastic to simulate extended darkr{€ys
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Experimental animals were fed a mix of rice brad}, wheat flour (40%) and mustard oll
cake (20%). In preparation of experiments, fisheateainsferred from the holding tank to
experimental tanks (1m x 2m, 1m deep) (Fig. 8B)infals were allowed to settle down for
minimum 24 hours before experiments started, ane wet fed after transfer. Experimental
tanks were supplied with running water to ensufécsent oxygen levels. Temperature in the

tanks varied during a 24 hour cycle between 22°€C247C.

Three experiments were performed in order to exarsome of the melatonin dynamics in

the mrigal carp.

Experiment 1: Plasma melatonin profile during nalteutdoor photoperiod

This experiment was designed to measure the plasetatonin levels of mrigal carp during
one 24 hour outdoor light-dark cycle. Thirty fiskere netted and transferred from the holding
tank to each of the six experimental tanks. At tagintervals, 6 — 9 fish were captured and
rapidly sedated (MS-222 (tricaine methane sulpt®n@s mg [}, PHARMAQ Ltd). Blood

was collected from the caudal vein system by uskrdf heparinised syringes (approx. 20 IE
ml™ blood, LEO Pharma, 5000 IE 1)l Blood plasma obtained after five minutes of
centrifugation at 3-4000 rpm (Hettich Universal EB#) was kept on ice, and later frozen at -
18°C until analyses were performed. Sampling dutiegnatural dark phase was done under
dim red light (Petzl E9Q9 PG, headlight) (Bayatral. 2002).

Experiment 2: Plasma melatonin levels during dagtdark exposures

This experiment examined the mrigal carp melat@noduction during the daytime in a
period of darkness. Approximately twenty fish waensferred to each of the three
experimental tanks. The first tank (group 1) wasgeted by thick, black plastic from 10:00
until 12:00 in the morning. At 12:00 6 — 9 fish weapidly caught with a land net and
sedated in a bucket (MS-222, 75 m§ PHARMAQ Ltd) covered with a lid to avoid any
unwanted light exposure. To avoid light exposurerdusampling, the head and eyes of the
fish were covered with paper. Blood plasma wasectdld as described for experiment 1. The
same procedure was repeated for groups 2 and Birkéarkness from 13:00 until 15:00, and

from 16:00 until 18:00, respectively.

Experiment 3: Plasma melatonin profile during comtius darkness

The third experiment was designed to examine tleeedf long lasting darkness on the
mrigal plasma melatonin profile. Approximately tiifish were transferred from the holding

tank to each of the six experimental tanks. Atapproximate time of sunset (18:30) these six

15



experimental tanks were covered with thick, blalaspc blocking out all light (0,0 lux
measured). The plastic was kept on the tanks framddy at 18:30 until sampling started
Friday at 12:00 (89,5 hours of darkness for thenais sampled first). Two tanks were only
sampled once each (12:00 and 15:30), while theraaining tanks were sampled twice in
two rounds. 6 — 9 fish were rapidly netted and s=tim a bucket (MS-222, 75 mg*L
PHARMAQ Ltd) with a lid to avoid any exposure tghi during the daytime samplings. The
head and eyes of the animal were covered with pdyrarg sampling. Night time samplings

were done with dim, red light. Blood plasma wadeztted as described for experiment 1.

Hormone analysis

Blood plasma melatonin and cortisol levels werdyamea by use of radioimmuno assay
(RIA-system). This method uses radioactivity toiiadtly measure amount of a substance
based on the specificity of the antibody. The tégpina is based on unknown amounts of
plasma hormone (Ag) competing with known amountsadfoactively labelled hormone

(Ag*) for binding to a hormone specific antibodyl)Apresent in limited amount.

Ag Ag-Ab Ag
+ Ab o + 1)
Ag* Ag*-Ab Ag*
After separating free from bound antigen the ractivsa amount within one of the fractions is

measured (beta or gamma counter) and the resaltoarpared to a standard curve (Davies
2005).

Analysis of plasma melatonin content was done Wighatonin Research RIA kit (Labor
Diagnostika Nord GmbH & Co), as validated by G{#011) and Holtan (2011), following
the procedure given in the protocol. Standard ctov®lelatonin Research RIA is found in
Figure 9A. There was one unintended deviation fpoatocol analysing samples from
experiment 1, as the samples were incubated ifrigamtor (4°C) instead of at room
temperature. Plasma melatonin values that werotodo be detected in the system were
defined to the detection limit of the system (7p0ab L™ for experiment 1 and 5,0 pmot'L
for experiments 2 and 3).

Analysis of plasma cortisol was done with Coat-Ad@bcortisol kit (Siemens), following the
procedure given in the protocol. In accordance wrgtvious results (Guttu 2011, Holtan

2011), samples for cortisol testing were dilutetl dsing standard A (cortisol: 0 nmof).to
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ensure that the hormone concentrations were witl@mange of the standard curve (Fig. 9B).
A few samples from experiment 1 overshot the stahdarve, and based on their count per
minute (CPM) number, they were defined to be etu#ie highest standard in the system
(1380 nmol ).

Melatonin conversion factor is:
pg mL* x 4,305 = pmol [} (2)
while cortisol conversion factor is:

ng mL* x 2,75 = nmol [* (3)
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Figure 9: Standard curves for melatonin (A), andisol (B).

Satistical analysis and graphs
Graphics were made using SigmaPlot 12.0 (Systawadd, Inc.) for Microsoft Windows.

Modification of figures was done using Paint forduisoft Windows.

Statistical analysis of the data was done usingh8Rjot 12.0 (Systat Software, Inc.) for
Microsoft Windows. Data were checked for normaliging Shapiro — Wilk-test (P < 0,05).

One way analysis of variance (ANOVA) and ANOVA amks (Kruskal-Wallis) (P < 0,05)
was used to test for significant differences betwthe experimental groups for parametric
and nonparametric data, respectively.

17



If significant differences were found, Tukey posthest (P < 0,05) was used to identify
groups that were different from each other for qmahametric and nonparametric (Tukey on

rank sum mean) data.

To test for correlation between plasma melatonoh @rtisol levels Pearson product moment
correlation and Spearman rank order correlation (F05) was used for parametric and

nonparametric data, respectively.
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Results

Experiment 1: Plasma melatonin profile during natural outdoor photoperiod
The aim of this experiment was to investigate tlo®d plasma melatonin concentration of
mrigal carp kept under a natural outdoor photopkriome of sampling and body measures

for the experimental animals, are given in Table 1.

Table 1: Average body length and weight of mrigajcsampled during a 24 hour natural outdoor phestod

(experiment 1) in Nepal.

Timeof N Weight (g) Length (cm)

sampling

12:00 6 693+9,1 203%1,0
17:00 6 645+49 195+11
19:00 6 657+46 20,0%05
21:00 6 668+79 201+0,8
23:00 6 70,8+15920,2+1,1
01:00 6 73,7+115206+1,1
03:00 6 66,7+64 20,1+0,5
05:00 6 62,7+14319,6+1,4
07:00 6 693+70 206+0,6
12:00 6 62,0+133194+2,1

Average mrigal carp body weight and body lengtthatsampling points of experiment 1
varied from 62,0 £ 13,3 gto 73,7 £ 11,5 g and froe¥ + 2,1 cm to 20,6 + 1,1 cm,
respectively. There were no significant differenbesveen the experimental groups
(ANOVA on ranks; P = 0,52; H = 8,09; 9 degreesreetiom (weight) and P = 0,34;

H = 10,12; 9 degrees of freedom (length)).
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Figure 10: Plasma melatonin concentrations in rhdggp Cirrhinus mrigala) sampled during natural outdoor
photoperiod at 27° northern latitude in Nepal. \éslare mean = SD (N = 6).

During a normal outdoor light-dark cycle, measuptsma melatonin level of mrigal carp
(Fig. 10) increased from a low level of 106 pmdir.daylight (12:00), to an average
maximum of 367 pmol tat the end of twilight and beginning of darknes&@0). From this
time there is a tendency of hormonal decline thhowg the night, and average melatonin
levels are down to 237 pmol*lat dawn (05:00). The following noon average blpasma
melatonin level dropped further to 145 pmdl. IANOVA on ranks (Kruskal-Wallis)
identified significant differences between the expental groups (P = 0,014; H = 20,62; 9
degrees of freedom), but Tukey test could not ifienthich groups were different from each
other (P > 0,05) (Appendix 1).
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Figure 11: Plasma cortisol concentration in mrigadp Cirrhinus mrigala) sampled during natural outdoor
photoperiod at 27° northern latitude in Nepal. \éslare mean + SD (N = 6 unless otherwise shown).

Plasma cortisol levels in mrigal carp under natotatloor photoperiod (Fig. 11) increase
from the first sampling point at 12:00 (935 nmdlluntil a peak is reached at 03:00 (1989
nmol L), before declining to daytime levels (956 nmd}) lat 12:00 the following day. No
significant differences were detected between Mpeemental groups (ANOVA; P = 0,095).
Testing for a correlation between plasma melatanith cortisol levels (Spearman rank order
correlation) gave no correlation between melatamd cortisol (P > 0,05), except at one
sampling point (01:00), where there was a positiveelation (P = 0,033, correlation

coefficient = 0,88) between the two variables.

Experiment 2: Plasma melatonin levels during daytime dark exposures
This experiment was designed to investigate melaforoduction at different times of day
following a short period of introduced darknessn&iof sampling and body measures for the

experimental animals, are given in Table 2.
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Table 2: Average body length and weight of mrigarpcafter two hours of daytime dark exposure (eirpemt
2).

Timeof N Weight (g) Length (cm)
sampling

12:00 6 63,1+104 202+13
15:00 6 63,1+96 20,112
18:00 6 638+11,820,3+15

Average mrigal carp body weight and body lengtthatsampling points of experiment 2
varied from 63,1 £ 9,6 g t0 63,8 £ 11,8 g and 26,2 cm and 20,3 + 1,5 cm, respectively.
There were no significant differences between #peemental groups (ANOVA; P = 0,98
(weight) and P = 0,96 (length).
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Figure 12: Plasma melatonin concentration in grafparigal carp (Cirrhinus mrigala) sampled aftaytime
dark exposures at 27° northern latitude in Nepalu¥s are + SD (N = 6). Letters denote signifiddifierences.

Experimental group 1, held in darkness for two Bdtwm 10:00 until 12:00 did not show an
increase of melatonin production (Fig. 12) aboveeexed daytime levels (42 pmofL The
same was seen for group 2, held in darkness fraf01stil 15:00 (57 pmol 1).
Experimental group 3, held in darkness from 16:001 48:00 showed an increased plasma
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melatonin concentration (298 pmof).compared to experimental groups 1 and 2 (ANOVA;
P < 0,001; Tukey test P < 0,05).

Plasma cortisol levels of the mrigal carp experitaegroups 1 and 2 (Fig. 13) are
approximately equal (618 nmol‘land 598 nmol L, respectively), while there is a small
decrease in plasma cortisol levels for experimegr@lp 3 (379 nmol £). No significant
differences were detected between the experimgraaps (ANOVA; P = 0,413). No
correlation could be detected between melatonincaniisol (Pearson product moment

correlation P > 0,05).
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Figure 13: Plasma cortisol concentration in mrigedp Cirrhinus mrigala) sampled after daytime dark
exposures at 27° northern latitude in Nepal. Vahresmean = SD (N = 6).

Experiment 3: Plasma melatonin profile during continuous darkness
To investigate the effect of prolonged darknesgiaoeal melatonin production in mrigal carp,
experimental animals were kept in darkness for rtfuaa 3 light-dark cycles. Time of

sampling and body measures for the experimentaialsj are given in Table 3.
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Table 3: Average body length and weight of mrigadocsampled during a 24 hour cycle while kept in

continuous darkness (experiment 3).

Timeof N Waeight (g) Length (cm)

sampling

12:00 6 625+51 20,2+0,6
15:30 6 67,3+11,7 20,610
19:00 6 529+16,5184+2,1
22:00 6 71,1+13,120,7+1,1
02:00 6 688+88 206+0,7
05:00 6 628+10920,2+1,3
08:30 6 67,1+13920,4+1.3
12:00 6 649+10,620,8+0,7

Average mrigal carp body weight and body lengtthatsampling points of experiment 3
varied from 52,9 + 16,5gto 71,1 £ 13,1 g and #8241 cm and 20,8 = 0,7 cm, respectively.
There were no significant differences between ¥peemental groups (ANOVA; P = 0,98
(weight) and ANOVA on ranks; P = 0,2; H = 9,72;égdees of freedom (length).
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Figure 14: Plasma melatonin concentration in thigahicarp Cirrhinus nrigala), sampled while being kept at constant
darkness (>72 hours) at 27° northern latitude ipallevalues are mean + SD (N = 6). Peak valuegisificant different
from all light values.

Plasma melatonin concentration in mrigal carp keyter continuous darkness (>72 hours)
(Fig. 14) rise from a subjective daytime level @ffimol L'* (15:30) to a peak level of 1690
pmol L? late in the subjective night (05:00). Levels thahabruptly at the approximate time
of sunrise and reaches daytime values at 08:30rt8f) L™"). Peak value is significantly
different from all light values (ANOVA on ranks (#skal-Wallis; P < 0,001; H = 36,571; 7
degrees of freedom), Tukey test; P < 0,05). Detatgrding the statistics are found in

Appendix 2.
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Figure 15: Plasma cortisol concentration in mriggdp Cirrhinus mrigala) sampled while being kept in constant
darkness (>72 hours) at 27° northern latitude ipdilevalues are mean + SD (N=6). Letters denoteifsignt
differences.

Plasma cortisol concentration of mrigal carp keptar continuous darkness (Fig. 15) show a
tendency of declining from the daytime (12:00) leate393 nmol [* until 02:00, when the
lowest level (5 nmol 1) is measured. This is followed by an increasedmacortisol level

at 12:00 the following day (241 nmol'). Two experimental tanks (05:00 and 12:00-2) were
sampled twice at an interval of 10 hours and 9 sio@spectively. Letters denote significant
differences (ANOVA on ranks (Kruskal-Wallis; P <001; H = 20,834; 4 degrees of
freedom), Tukey test; P < 0,05). There was no &trom (Pearson product moment
correlation) between cortisol and melatonin, exegdi2:00 at the end of the experiment,

where there was a positive correlation (P = 0,@80&elation coefficient = 0,95).
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Discussion

A well developed aquaculture with carps in deveigpiountries could increase income for
the rural people and improve the under- and malsbnorent prevalent in these areas (WFP
2012). One major challenge in developing the Asigmaculture industry is the limited
availability of carp fries (Sarkat al. 2010). In the intensive salmon farming in Norwidnys
has been omitted by use of photoperiodic manipariatio delay or accelerate maturation and
reproduction according to need. This is based @wledge about the function of the salmon
melatonin system, and the effect of environmeniakon puberty and maturation (Bromage
et al. 2001, Tarangeat al. 2010). A pineal melatonin system has also beewsho exist and
function in tropical and subtropical carp specigslijet et al. 1996, Oliveiraet al. 2009a,

Seth and Maitra 2010, Guttu 2011, Holtan 2011).wledge about how this system conveys
photoperiodic changes to brain centres, can bbdhkis for manipulation of the reproductive

system in tropical and subtropical carp species.

The mrigal carp melatonin response to ambient light-dark changes

The mrigal carp is one of the seven major carpispeammmonly kept in Asian pond
polyculture systems. At early life stages, mrigaipcinhabits surface layers of the water,
while it as an adult becomes a bottom dweller, ifegedn decayed plant material,
phytoplankton and zooplankton. A high growth patdmunder the prevalent conditions can
make this an important species for Nepalese aquaeuh the Terai region (FAO 2012),
especially if out of season production of fries bamachieved.

Natural outdoor photoperiod

Blood plasma melatonin of mrigal carp kept undeura outdoor photoperiod show a rapid
increase at onset of darkness, and reaches a geglnethe dark phase. From this time and
onwards there is a tendency of decreasing plasnatona level until dawn. This early
melatonin peak indicates that the pineal glandahagid endocrine response at onset of
darkness. The following decrease in plasma melatewels indicates that the pineal gland
does not mount a full response throughout the pnaghseen in salmonids (Falogiral. 2010).
Instead, there seems to be a down-regulation citor@h release from the pineal gland after
peak level is reached. Accordingly, the plasma toala profile of the mrigal resembles that
of a type B response (Falcénal. 2010). This response is typical for Nile tilafkag. 4), and
has recently been reported for common cayp(inus carpio) kept under indoor simulated

natural photoperiod (Holtan 2011). It is also ic@clance with plasma melatonin profile in

27



copper mahseeNgolissochilus hexagonolepis) during a natural outdoor light-dark cycle
(Guttu 2011).

Daytime dark exposures

A second experiment was carried out to investijaanrigal carp pineal melatonin response
when subjected to darkness during daytime. Thdtsedemonstrate that mrigal carp
subjected to darkness in morning or midday doesnaloice an increase in blood plasma
melatonin. However, if exposed to darkness in ftexr@oon, a large increase in the mrigal
plasma melatonin level is seen. These endocrindtsegive reason to assume that the pineal
gland has a refractory period during daytime, wlikisinsensitive to dark stimuli. This has
also been suggested for other teleosts (Fadtah 1989, 1992), as wells as rats (Binkkty

al. 1973) and chicken (Binklest al. 1975). These results indicate that pineal melatoni
production in the mrigal carp might be controllgdabcircadian clock.

Continuous darkness

After being subjected to continuous darkness forentioan three 24 hour cycles, mrigal carp
show a rapid increase in plasma melatonin leviéiastart of subjective night. This further
adds to the impression that a circadian clockates production of melatonin, even without a
change from light to darkness. The increase impdasielatonin levels continues until a peak
is reached late at subjective night. From this gea&l there is a decline in plasma melatonin
coinciding with onset of subjective day. Thus, prctiibn of melatonin in the mrigal pineal
gland terminates at the end of subjective nighepksg the melatonin cycle even after four 24
hour periods in darkness. This supports the thebaycircadian clock controlling pineal

melatonin secretion.

Plasma melatonin levels in darkness during theestibe daytime are as low as expected in
light, and this supports previous results of aa@fory period of the pineal gland. This is also
a clear indication that there is an endogenousdian clock controlling mrigal pineal
melatonin production. There is an increase inmp&amelatonin level through the subjective
dark phase under continuous darkness, which cdstsamewhat to the decline seen under
natural photoperiod. Thus, after a period of cardurs darkness, the plasma melatonin profile
resembles a type A, more than a type B responge4JiThis shift of the plasma melatonin
profile from a peak at the onset of darkness,geak in the transition between subjective

darkness and light, may suggest that the circad@uk free runs with a period of slightly
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more than 24 hours. Such results have also beeordgrated for species such as European
sea bass (Bayaret al. 2004) and pikeHsox lucius L.) (Bolliet et al. 1997).

The alternative to pineal melatonin production geiontrolled by a circadian clock, is a
passive hormonal release during darkness, as seaonids (Max and Menaker 1992, ligo
et al. 2007a). If this was the case for mrigal carp, woeld expect plasma melatonin levels
to remain equally high through the whole sampliegqu, and not show a profile pattern with
high levels during subjective darkness, and loveleduring subjective light. As one clearly
can identify a profile that is shifted, but stilgsent, there is no reason to expect that pineal
melatonin production is under direct control ohliglark conditions. The effect of light on
pineal melatonin production in mrigal carp seerbéandirect, and to control the pineal
production of melatonin by resetting the circadiéock, as previously experienced from ayu
(Plecoglossus altivelis) studies (ligaet al. 2003).

A possible relation between photoperiod and maturat

Results from previous investigations indicate thatneal-melatonin-gonadal axis exists in
the mrigal carp (Sarkat al. 2010). This is in accordance with results froodsts on major
carp Catla catla), in whichboth manipulation of photoperiod and exogenous toeia
injections are shown to affect testicular developtamnd function. Constant light gave
precocious maturation of testes during the pre-sjpayyphase, while constant darkness or
injections with exogenous melatonin either stimediafpreparatory phase), inhibited (pre-
spawning and spawning phases), or had no effest-gmawning phase) on testicular activity.
(Bhattacharyat al. 2007).

These effects of changing photoperiods and exogemalatonin administrations, shows that
melatonin may influence and control reproductivections in tropical and subtropical
teleosts. Several mechanisms for the influencead&tonin on reproductive functions are
suggested. Studies of roHLabeo rohita) and major carp have shown that incubation of
mature oocytes with melatonin previous to maturatimlucing hormone, gave earlier final
oocyte maturation (Chattorej al. 2005, Maitraet al. 2005). Melatonin has also been
documented to inhibit dopamine release in the tglamus, and thus melatonin can have a
stimulatory effect on reproduction by removing thieibition that dopamine exerts (Popek
al. 2005, 2006). Experimental evidence also indicatesctional relationship between
gonadal sex steroids and changes in photoperiptesented by melatonin (Chattoeapl.
2009).
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The mrigal carp is a bottom dweller in free liviagd captive adult life (Sarkat al. 2010,

FAO 2012), and accordingly, little work has beenelto test whether photoperiod can affect
the reproductive physiology of this animal. In firesent work, the mrigal carp pineal is
shown to respond to changes in natural light-darid@ions with increased plasma melatonin
in darkness, and to have a circadian clock comigppineal secretion of melatonin. This
indicates that despite its bottom dwelling add# tyle, the mrigal carp has a melatonin
system that responds to the ambient light-darkegyarhd probably can be used for
manipulation of the mrigal maturation. Others (Sasgt al. 2010) have shown that the mrigal
carp is responsive to photothermal manipulationgpfoduction. In fish such as mrigal, with
a circadian clock controlling the pineal productafrmelatonin, endogenous endocrine
rhythms and environmental temperature shifts, rbagaken into consideration when

designing manipulatory regimes for control of matian.
The validity of the experimental results

Stress, cortisol release, and melatonin levels

Many different stimuli in wild life and culture g&tgs can initiate a stress response that can
affect several aspects of the animal physiologygha 1998, Barton 2002). Studies on the
impact of artificial changes in photoperiod on phascortisol levels have given differing
results; either showing an effect (Leonardi andnfdau 2003), or no effect (Biswatsal.

2004, 2006). A few studies have indicated thatrpamelatonin levels can be affected by
stress and plasma cortisol release in fish (Bemghst 2001, Larsoret al. 2004).

Animals kept under continuous darkness for mora theee 24 hour cycles can be assumed
to have settled down, and reached a non-stresated Ak expected, plasma cortisol levels of
these animals were down to an average low of 5 mMoThis plasma cortisol level should
be representative for unstressed mrigal carp. Immals, there is a clearly defined circadian
pattern in plasma cortisol levels, with a declio@ards the evening and night, and a
subsequent rise at the time of awakening in thenmgr(Weitzmaret al. 1971, 1976, Wisser
and Breuer 1981). Studies investigating the cirradhythm of cortisol secretion in teleosts
have reported either a similar pattern as seennmams (Boujard and Leatherland 1992), or
an opposite pattern, with a maximum plasma cortesal at night (Laidley and Leatherland
1988). Such circadian plasma cortisol rhythm magko exist for mrigal carp, even so, the
low plasma cortisol values reported herein arggire@ment with cortisol results reported for
unstressed common carp (Ruahal. 2001) and mrigal (Daet al. 2009).
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Plasma cortisol levels in mrigal carp kept undeure outdoor photoperiod, and subjected to
daytime dark exposures, were quite high compareedting values reported in this work and
others. It is therefore assumed that these expetahanimals were stressed. Other, similar
work on common carp and silver catbypophthalmichthys molitrix) also gave plasma
cortisol levels in the range reported here (Hok@th1, Prestrud 2012 (in prep.)).
Experimental animals used in the present work wedated before blood samples were
collected. The MS-222 sedation is known to inhib& secretion of cortisol by blocking
release of adrenocorticotopic hormone (ACTH) fréwa pituitary of salmon (Olseat al.

1995). MS-222 sedation of mrigal carp in this expent should also block the release of
cortisol. It is more likely that the transfer tmew environment (e.g. to experimental tanks
and different social ranking), might have been emexd as stressful (Kurogi and Lida 1999).

Analysis of the relation between plasma melatonih @ortisol levels in all experiments
resulted in only two positive correlations (undatural outdoor photoperiod at 01:00 and
under continuous darkness at 12:00). These vas@nketherefore assumed not to be
correlated. In addition, the present work has shplaama melatonin profiles even in
individuals assumed to be stressed. Hence, a pe@ssibct of cortisol on pineal melatonin

secretion is not expected.

Individual melatonin level variation

It was not possible to identify any significantfdience in plasma melatonin levels between
experimental groups kept under natural outdoorgyeriod. Visual inspection of the results
does, however, make it clear that there is an as@én average plasma melatonin from
daytime to average melatonin peak is reached. Erpatal animals may qualitatively mount
the same endocrine responses to ambient chanddgbelyuantitative hormone changes
might differ both in amplitude and timing. Thisgsobably the case in this experiment, as
standard deviations for the sampling groups areedaige. In order to verify present findings,
future experiments should look at individual metatoresponses over time.

Assaying conditions

There was an unintended deviation from protocolysireg samples from the experiment
under natural outdoor photoperiod, as they werelhated at 4°C instead of at room
temperature. This may have caused the enzymatiioravhere plasma melatonin and
radioactively labelled melatonin compete for birglto the antibody, to proceed more slowly,
and not come to completion. The consequence cauddecreased measuring sensitivity,
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and accordingly, lowered melatonin values. Howeasrstandards and samples all received

the same treatment, such effect should not seyi@ifgct the shape of the melatonin profile.

Influence from other melatonin sources

Melatonin may be produced by several organs inolythe pineal gland, brain, liver, heart,
gastrointestinal system and retina (Falebal. 2010). There is a very large production of
melatonin in the gastrointestinal system, with noglan values 10 — 100 times higher than
those seen in the general circulation. Gut melatemhowever assumed to undergo
enterohepatic cycling, and hence, do not reaclye¢hneral circulation (Messnetral. 2001) (If
gastrointestinal melatonin reached the generaliation it would disturb the pineal clock and
calendar function (Reiter 1993) — which we knownfrexperience, do not happen). Melatonin
production in other tissues and organs is only kmtmexhibit local paracrine effects (Falcén
et al. 2011). Thus, in the present investigation theeena reasons to believe that extrapineal
melatonin sources would have added to the hornmmmradentrations measured in collected

blood samples.
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Experimental summary

0]

0]

Mrigal pineal melatonin increase at onset of daskn®lasma melatonin levels decline
through the dark phase, indicating a down-regufatiopineal melatonin production
after peak is reached. Resemblance with profile §pvas shown.

Daytime dark exposures show that the mrigal pigkald has a refractory period
where it does not respond to darkness with inceassatonin secretion.

Continuous dark exposure gave a plasma melatonfilgpin accordance with
subjective day and night, and show that the mpgatal secretion of melatonin is
under control of a circadian clock. Resemblancé prbfile type A was shown.

Cortisol has not been shown to affect plasma meillatevels in mrigal carp.

Conclusions

(0]

Mrigal pineal melatonin production increase in dss, but seems to be controlled by
an endogenous circadian clock.
The mrigal carp seems to be a good candidate fatoptontrolled out of season

maturation and production of fries.

Perspectives

In order to achieve out of season maturation imgatrcarp it is necessary to further expand

knowledge of the pineal melatonin dynamics in flsk species.

Experiments are also needed to examine the infimantnutrition and ambient temperature

on puberty and maturation, directly, or indiredttyough regulating factors like kisspeptins

and dopamine. In addition, the correlation betwiermelatonin system and the HPG-axis

must be explored. This can be done through expetsnehere groups of carp are subjected

to different photo regimes, while melatonin levatal gonadal maturation are investigated

simultaneously.
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Appendix 1: Statistics experiment 1

OneWay Analysis of Variance

Data sour ce: Statistics experiment 1

Normality Test (Shapiro-Wilk) Failed

(P < 0,050)

Test execution ended by user request, ANOVA on Réaelgun

Kruskal-Wallis One Way Analysis of Variance on Ranks

Data sour ce: Data 1 in Notebook1

Group N
12:00 6
17:00 6
19:00 6
21:00 6
23:00 6
01:00 6
03:00 6
05:00 6
07:00 6
12:00-2 6

Missing

cNolololNolNoNoNoNeNe]

Median

98,928
136,266
421,150
265,276
215,044
185,816
176,484
235,908
161,621
109,832

25% 75%
82,625 145,171
40,876 231,575

312,974 446,922
233,821 376,862
97,242 307,071
71,825 273,861
82,832 328,030
179,824 288,916
133,021 234,565
7,060 155,130

H = 20,698 with 9 degrees of freedom. (P = 0,014)

onsdag, mars 28, 2012, 13:10:39

onsdag, mars 28, 2012, 13:10:39

The differences in the median values among theénterat groups are greater than would be expectedhagce;

there is a statistically significant differenceX®,014)

To isolate the group or groups that differ from ditlkeers use a multiple comparison procedure.

All Pairwise Multiple Comparison Procedures (TuKeast):

Comparison
19:00 vs 12:00

19:00 vs 12:00-2

19:00 vs 17:00
19:00 vs 01:00
19:00 vs 07:00
19:00 vs 03:00
19:00 vs 23:00
19:00 vs 05:00
19:00 vs 21:00
21:00 vs 12:00

21:00 vs 12:00-2

21:00 vs 17:00
21:00 vs 01:00
21:00 vs 07:00
21:00 vs 03:00
21:00 vs 23:00
21:00 vs 05:00
05:00 vs 12:00

05:00 vs 12:00-2

05:00 vs 17:00
05:00 vs 01:00
05:00 vs 07:00

Diff of Ranks

188,000
185,000
144,000
109,000
104,000
104,000
86,000
51,000
9,000
179,000
176,000
135,000
100,000
95,000
95,000
77,000
42,000
137,000
134,000
93,000
58,000
53,000

q
4,395

4,325
3,366
2,548
2,431
2,431
2,010
1,192
0,210
4,184
4,114
3,156
2,338
2,221
2,221
1,800
0,982
3,203
3,132
2,174
1,356
1,239

P<0,05
No
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
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05:00 vs 03:00 53,000 1,239 Do Not Test

05:00 vs 23:00 35,000 0,818 Do Not Test
23:00 vs 12:00 102,000 2,384 Do Not Test
23:00 vs 12:00-2 99,000 2,314 Do Not Test
23:00 vs 17:00 58,000 1,356 Do Not Test
23:00 vs 01:00 23,000 0,538 Do Not Test
23:00 vs 07:00 18,000 0,421 Do Not Test
23:00 vs 03:00 18,000 0,421 Do Not Test
03:00 vs 12:00 84,000 1,964 Do Not Test
03:00 vs 12:00-2 81,000 1,893 Do Not Test
03:00 vs 17:00 40,000 0,935 Do Not Test
03:00 vs 01:00 5,000 0,117 Do Not Test
03:00 vs 07:00 0,000 0,000 Do Not Test
07:00 vs 12:00 84,000 1,964 Do Not Test
07:00 vs 12:00-2 81,000 1,893 Do Not Test
07:00 vs 17:00 40,000 0,935 Do Not Test
07:00 vs 01:00 5,000 0,117 Do Not Test
01:00 vs 12:00 79,000 1,847 Do Not Test
01:00 vs 12:00-2 76,000 1,777 Do Not Test
01:00 vs 17:00 35,000 0,818 Do Not Test
17:00 vs 12:00 44,000 1,029 Do Not Test
17:00 vs 12:00-2 41,000 0,958 Do Not Test
12:00-2 vs 12:00 3,000 0,0701 Do Not Test

Note: The multiple comparisons on ranks do notudelan adjustment for ties.

A result of "Do Not Test" occurs for a comparisonem no significant difference is found betweentthe rank
sums that enclose that comparison. For exampyeuithad four rank sums sorted in order, and faund
significant difference between rank sums 4 vsh@ntyou would not test 4 vs. 3 and 3 vs. 2, blittet 4 vs. 1
and 3vs. 1 (4 vs. 3 and 3 vs. 2 are enclosedusy 2: 4 3 2 1). Note that not testing the endasek sums is a
procedural rule, and a result of Do Not Test shdndldreated as if there is no significant diffeebetween the
rank sums, even though one may appear to exist.
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Appendix 2: Statistics experiment 3
OneWay Analysis of Variance

Data source: Statistics experiment 3

Normality Test (Shapiro-Wilk) Failed (P < 0,050)

Test execution ended by user request, ANOVA on Réaelgun

Kruskal-Wallis One Way Analysis of Variance on Ranks

Data sour ce: Data 1 in Statistikk melatonin forsgk 3

Group N  Missing Median 25%

12:00-1 6 0 93,513 50,551
15:30 6 0 72,345 26,649
19:00 6 0 699,824 533,431
22:00 6 0 1145,804 848,039
02:00 6 0 994,485 600,207
05:00 6 0 1592,926  1071,157
08:30 6 0 81,331 65,060
12:00-2 6 0 121,862 54,627

H = 36,571 with 7 degrees of freedom. (P =<0,001)

75%
114,454
90,398
1186,494
1385,655
2169,582
2324,029
121,513
195,612

lgrdag, mai 05, 2012, 15:52:06

lgrdag, mai 05, 2012, 15:52:06

The differences in the median values among theéntesat groups are greater than would be expectedhagce;

there is a statistically significant differenceR0,001)

To isolate the group or groups that differ from titlkeers use a multiple comparison procedure.

All Pairwise Multiple Comparison Procedures (TuKeast):

Comparison Diff of Ranks q

05:00 vs 15:30 196,000 5,715
05:00 vs 12:00-1 172,000 5,016
05:00 vs 08:30 171,000 4,986
05:00 vs 12:00-2 161,000 4,695
05:00 vs 19:00 63,000 1,837
05:00 vs 02:00 38,000 1,108
05:00 vs 22:00 31,000 0,904
22:00 vs 15:30 165,000 4,811
22:00 vs 12:00-1 141,000 4,112
22:00 vs 08:30 140,000 4,082
22:00 vs 12:00-2 130,000 3,791
22:00 vs 19:00 32,000 0,933
22:00 vs 02:00 7,000 0,204
02:00 vs 15:30 158,000 4,607
02:00 vs 12:00-1 134,000 3,908
02:00 vs 08:30 133,000 3,878
02:00 vs 12:00-2 123,000 3,587
02:00 vs 19:00 25,000 0,729
19:00 vs 15:30 133,000 3,878
19:00 vs 12:00-1 109,000 3,179
19:00 vs 08:30 108,000 3,149
19:00 vs 12:00-2 98,000 2,858
12:00-2 vs 15:30 35,000 1,021
12:00-2 vs 12:00-1 11,000 0,321

P<0,05
Yes
Yes
Yes
Yes
No
Do Not Test
Do Not Test
Yes
No
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Yes
Do Not Test
Do Not Test
Do Not Test
Do Not Test
No
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test
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12:00-2 vs 08:30 10,000 0,292 Do Not Test

08:30 vs 15:30 25,000 0,729 Do Not Test
08:30 vs 12:00-1 1,000 0,0292 Do Not Test
12:00-1 vs 15:30 24,000 0,700 Do Not Test

Note: The multiple comparisons on ranks do notudelan adjustment for ties.

A result of "Do Not Test" occurs for a comparisohem no significant difference is found betweentthe rank
sums that enclose that comparison. For exampjyepithad four rank sums sorted in order, and faumd
significant difference between rank sums 4 vsh@ntyou would not test 4 vs. 3 and 3 vs. 2, blittst 4 vs. 1
and 3vs. 1 (4 vs. 3and 3 vs. 2 are enclosedvsy : 4 3 2 1). Note that not testing the enadasak sums is a
procedural rule, and a result of Do Not Test shdnéldreated as if there is no significant diffeebetween the
rank sums, even though one may appear to exist.
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