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Abstract: 

Environmental cues are communicated through indoleamine which in 

turn effects the fish reproductive activities. Seasonally breeders are 

affected by melatonin where as it effects on aquarium fishes are sparse 

and ambiguous. Hence aquarium fish Molly (Poeciliaformosa), 

continuous viviparous breeding species was selected to study the effect 

of indoleamine, Estrogen (E), Progesterone (P) on gonadotropins. 

Fish were divided into seven group, 1stgroup as control while remaining 

6 groups received 100μg/l: melatonin (MLT), Estrogen (E), 

Progesterone singly or in combination with MLT (MLT+E or MLT + P, 

MLT+E+P) for 45 days and were held in L:D 12:12. Hormones assay 

was done from serum for FSH, LH, GH, E and P. 

MLT singly or in combination with E or P or only P reduced FSH 

levels and fish exposed to MLT +E+P had elevated FSH levels.  The 

inhibitory effect of MLT was combated when the animals received all 

the three hormones simultaneous. LH levels remained statusco when 

exposed to E or P and significantly reduced in MLT exposed animals 

an inhibitory effect on LH also.  

GH levels significantly reduced in treated groups with varied 

intensities.  MLT, MLT+E, MLT+P and only E exposures had 

significantly reduced P levels but this level was reversed in MLT+E+P 

or P exposed animals. MLT exposed animals had reduced movement, 

feeding, segregated in a corner of the aquarium and sexual behaviour 

was almost nil. Thus, it can be concluded that melatonin has altered 

gonadotropins and induced physiological hibernation in this species. 

Keywords:  Melatonin, Estrogen, Progesterone, Physiological 

hibernation, Molly fish, Photoperiod 

 

Introduction: 
Reproduction in fishes is effected by numerous factors, among which photoperiod plays an 

important role.  Photoperiod is conveyed to the animal through photic, non-photic receptors 

(K Renuka and Joshi B N, 2014) found on/in the body which coordinates with the 

hypothalamus and pineal in signal transduction.  The photic input is converted into endocrine 

output by the pineal gland, a neuroendocrine transducer converting neuronal signals, which 

are dependent on environmental cues.The pineal gland is influenced by light-dark cycles to 

regulate the synthesis of melatonin, a compound that acts at distant target organs (Wurtman 

and Axelrod, 1965).  The effect of pineal’s indoleamine has been stimulatory in some fish 

species and inhibitory in others depending on their breeding pattern and these reports are 
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from temperate fish species than tropical  or aquarium species.  In seasonally breeding 

animals reproductive activities are influenced by seasonal variation in photoperiod 

(Sundararaj and Sehgal, 1970, Renuka K and Joshi B N, 2012).    

Sexual dimorphism in growth rate and body size is popular in fish species (Mei and Gui, 

2015). Fish sex determination and differentiation is an attractive issue because sex control has 

great commercial interest in aquaculture (Devlin and Nagahama, 2002). Fish sex is 

determined both by environmental and genetic factors or a combination of both. 

Environmental factors, especially sex steroid hormones, could even override the genetic 

factors and determine gonad fate (Nagahama, 2002). Estrogens are produced by the 

conversion of androgens through cytochrome P450 aromatase, which was mainly encoded 

by cyp19a1a/b in fish (Simpson et al.,1994, Zhang et al., 2014). In teleosts, aromatase and 

endogenous estrogens are specifically expressed and synthesized in the female gonads during 

the critical period of molecular sex differentiation and act as natural inducer of ovarian 

differentiation (Nagahama, 2000, Tao et al., 2013). Studies in several fish species 

demonstrated that female-to-male sex reversal is associated with a decrease in estrogen 

levels, while male-to-female sex reversal is associated with an increase in estrogen levels 

(Guiguenet al., 1993, Guiguenet al., 1999, Chang et al., 1994, Piferreret al., 1994, Piferrer, 

2001). Therefore, estrogens are essential factors for inducing ovarian development in fish. 

The roles of estrogens in fish gonadal sex differentiation were well reviewed and summarized 

(Guiguenet al., 2010). It was concluded that Cyp19a1a is not only important for ovarian, but 

also for testicular differentiation in both gonochoristic and hermaphrodite fish species.  

Another important hormone i.e., progesterone has no effectson early embryonic development 

or hatching success. Progesterone may be a significant endocrine-disrupting chemical in 

fish. Patrick et al., (2011) reported in adult male fathead minnows that continuous exposure 

for 1 week to low levels of progesterone in vivo had a significant dose-dependent reduction 

in sperm motility and short-term P4 exposure did not alter sperm swimming 

characteristics. Progesterone cause dose-dependent decreases in fecundity and fertility and 

significantly reduced gonadosomatic index and vitellogenin gene expression in fathead 

minnow (Zacharyaet al., 2012). However, the data on the effect of variations in these two 

hormones among viviparous fishes are sparse. 

The effect of melatonin in continuous breeding viviparous fish has not been reported yet.  

Results of experimental studies on pineal-gonadal interaction in different species of fish are 

ambiguous and most of the information on this topic is from the species that inhabit the 

temperate climates. Tropical species have not extensively been investigated in this regard and 

information on aquarium species is sparse.  Hence the present study was undertaken to 

evaluate the effect of non-invasive administration of melatonin along with gonadotrophs such 

as estrogen and progesterone on other hormonal profile in general, behavioural changes and 

sex reversal if any in Molly fish (Poeciliaformosa) an aquarium species held under normal 

photoperiodic condition (L:D 12:12).    

Material and methods: 

Molly fish (Poecilia Formosa) were procured from local vendor and were acclimatized for 15 

days in glass aquaria in the laboratory in Davangere University, Davangere 14.39340N and 

75.96490E.  Post acclimatization the animals were divided into seven groups with 10 male 

and 10 female fishes in 30 litres of water under L:D 12:12.  The first group served as control, 

next group received 100µg/l melatonin (MLT) in water, third group received 100µg/l 

MLT+100µg/l Estrogen, (MLT+E) fourth group received 100µg/l MLT + 100µg/l MLT + P, 

fifth group was exposed to 100µg/lMLT +100µg/l Estrogen (E) + 100µg/l MLT+E+P, sixth 

group was exposed to 100µg/l Estrogen and last group i.e., seventh group received 100µg/l 

progesterone.  The aquariums water was changed daily at 09:00 hrs and exposure of the fish 

to selected harmones was done by adding 100µg/l of respective hormones to aquaria water 
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daily at 17. 00 hr and the fish were transferred to other aquaria without any hormones in the 

water at 9.00hr. Thus the exposure of the fish to hormone was for 16.00 hrs. During this 

period the animals were fed at libidium with commercially available food (Taiyo) at 

09:00hrs.  The water temperature was maintained at 21 ± 1° C. The fish were held in aquaria 

and placed in chambers with facility for automatic regulation of photoperiod (L: D 12:12, 

lights on at 06.00 and off at 18.00).The experiment was carried out for 45 days.  Post 

expermentation, the animals were held in cold anaesthesia and for hormone assay the whole 

body serum was extracted (for hormone assay 5 female fish from each group where 

sacrifised) and hormone assay was carried out for FSH, LH, Growth hormone (GH), Estrogen 

(E), and Progesterone (P) using ImmunoChemiluminescence Instrument: ADVIA Centaure 

CP on the same day (standard procedures were adopted).  Statistical analysis was done using 

ANOVA and graphs were plotted using MS Office Excel spread sheet. 

Results and Discussion: 

FSH levels significantly (P<0.01) reduced in fish exposed to MLT, MLT+P, MLT+E 

respectively (Graph -1).  However, MLT when treated in combination E and P failed to show 

such results and rather the FSH level were similar to that of control fish.  The same effect was 

observed in E treated animals also.  Progesterone also reduced the levels of FSH when 

compared with the control group.  It is interesting to observe that Estrogen (E) treated as well 

as the melatonin in combination with E and P (MLT+E+P) treated animals had elevated 

levels of FSH when compared to other treated groups .The inhibitory effect observed in 

MLT, MLT+E and MLT+P was combated by the combined treated of all the hormones i.e., 

MLT+E+P indicating that E plays an important role in FSH levels or in other words the 

inhibitory effect of MLT has been combated by the combination of MLT+E+P.  

 

MLT, MLT+E, MLT+P had an inhibitory effect on LH levels significantly (P<0.01, Graph -

2) similar to that of FSH profile.  LH levels were higher in MLT+E+P as well as E exposed 

animals when compared to other treated animals.  However, these levels were lower when 

compared to control group.  Exposing animals to P led to significant (P<0.01) reduction in 

LH levels.  Both FSH and LH profile data reveals that MLT, MLT+E, MLT+E+P as well as 

P had an inhibitory effect on both FSH and LH in this fish species.  Melatonin is an internal 

chemical messenger for environmental signals (Renuka K and Joshi B N, 2010).  This 

messenger has drastically reduced the FSH alone or when given in combination with E or P, 

but the FSH levels remains unaltered when this indoleamine is combined with both E and P 

in this species. Olianaet al., (2011) reported that melatonin led to an increase of the Gonado 

Somatic Index (GSI) associated with the increase of eggs production, and the raise of gene 

and protein levels of vitellogenin (VTG) and estradiol receptor a (ERa) in the liver in the 

zebra fish Daniorerio.  Conflicting conclusions on the role of melatonin in the 

neuroendocrine system of teleost have been achieved by experiments dealing with 

photoperiod manipulation, pinealectomy and melatonin treatment [Popek et al., 2005, Lopez 

et al., 2006; Falcon et al., 2006]. In this regard, in the eel, the implant of melatonin induced a 

decrease in LHb and FSHb [Sebert et al., 2008] while, an increase in LHb secretion was 

found in croaker [Khan and Thomas, 1996)], in sea bass and in cultured carp pituitary [Popek 

et al., 2005], showing the ability of this hormone to affect reproduction.The mechanism by 

which melatonin regulates fish reproduction is one of the major areas that received serious 

attention in the studies on different fish, but is not yet clearly understood. Possibly, melatonin 

interacts with the brain–pituitary–gonad axis, or with one or more of a variety of peripheral 

and/or central sites, including the brain, the pituitary and the gonads.  It seems likely that 

melatonin acts on the HPG axis and on the ovary itself (Carnevali et al., 2011, Lombardo et 

al., 2012, Lombardo et al., 2014). This conflicting result from different researches through 
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light on the importance of more experiments to be carried out to understand the role of MLT 

in detailed ways 

 

In general, exposure to all the selected hormones had an inhibitory effect on GH levels 

(Graph -3) indicating that the animals did not spend their energy in growth parameter.   The 

results of this experiment reveals that the observed inhibitory effect among the exposed group 

was with varied intensities.  Peak inhibition was observed in P exposed animals followed by 

E, MLT, MLT+E, MLT+E+P and MLT+P respectively. 

 

The levels of E in the animals that received exogenous MLT along with E or P (MLT+E, 

MLT+P) was similar to that of control group.  However, E levels significantly (P<0.01) 

increased in the fish that were exposed 16hrs to MLT+E+P, this increase was similar to that 

of E exposed animals.  The hormone level peaked significantly (P<0.01, Graph -4) among the 

fish held in P when compared to all other groups including control group. Estrogen is used 

for feminization of teleost fish (Piferrer, 2001).  Fish sex could be reversed at the 

undifferentiated stage of gonad by administration of exogenous estrogen (E2) or blockade of 

endogenous estrogen synthesis with aromatase inhibitors, which is designated as primary sex 

reversal (PSR). Recent studies have well demonstrated that gonochoristic fish maintain their 

sexual plasticity after sex determination/differentiation. The differentiated ovary could be 

transdifferentiated into functional testis, and vice versa, the differentiated testis could be 

transdifferentiated into ovary (Piferrer, 2001) but in the present study sex reversal was not 

prevelant. 

 

The progesterone levels reduced significantly (P<0.01) among the animals exposed to 

MLT+E (P<0.01), MLT (P<0.05) as well as E (<0.05) when compared with the control group 

respectively.  However, there was no variations observed among the fish that received 

MLT+P exogenous when compared to its control group.  It is interesting to note that the 

exposure of fish to MLT along with E and P (MLT+E+P) for 16hrs resulted in peak values of 

P (P<0.01 Graph -5). 

 

The effects of P, alone or in combination with E2, on the reproductive-axis of   

immature rainbow trout (Oncorhynchusmykiss) was reported by Christiane A et al., (2003). 

Liver vitellogenin and estradiol receptor (rtER) mRNA levels increased after E2 treatment, 

but were unchanged by P treatments as a reflection of peripheral action of steroids. In 

contrast, at the pituitary level, LH contents increased after E2 and/or P treatments. Focusing 

on the brain level, a confirmation of a clear up regulation of rtER expression by E2 in 

sterile triploid females, and also demonstrated a similar stimulating effect of P alone but no 

cooperative effect together with E2. The immature trout, prior to the beginning of the 

first reproductive cycle, unlike E2, P is able to stimulate the reproductive brain-pituitary axis 

without affecting vitellogenin synthesis in the liver. E2 is responsible of a direct stimulating 

effect on gonadotropin synthesis (Crimet al., 1981) and an indirect (via the brain) inhibitory 

effect on gonadotropin release (Larsen and Swanson, 1997, Saligautet al., 1999).  However, 

in this study both E and P were not exposed in combination, hence a general conclusion is not 

be possible. 

 

It was observed during the 45 days experiment that the animals which received 16hrs of MLT 

had reduced movement in the aquaria, the animals segregated in one corner and their food 

intake also reduced drastically even when the food was available in the aquaria.  No sexual 

behaviour was observed in the fish which received non-invasive melatonin either singly or in 

combination with E or P.  Similar observation was made even in the fish that were exposed to 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/estrogen-synthesis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/aromatase-inhibitor
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MLT+E as well as MLT+P groups sexual behaviour or mating was not observed in MLT 

treated groups. However, the animals that received exogenous MLT+E+P had a reduced 

activity but fed normally and moved normally in the aquaria.  The other two groups i.e., E 

and P exposed group did not show any variation in their daily activities during 

experimentation period.  The above results reveals that the animals have undergone 

physiological hibernation which can proved if the experiment is conducted for a longer 

period such as 90 or 120 days.   

Experimental evidences suggest that the pineal gland plays a vital role in the regulation of 

both the circadian and seasonal rhythms in apenial variety of species (Morgan and Williams, 

1989; Namboodiriet al., 1991; Reiter, 1993) and in the endocrine control of reproductive 

physiology (Brzezinski and Wurtman, 1988; Matthews et al., 1993). Melatonin is secreted 

into the blood with an endogenous and individual rhythm synchronized by the LD cycle: the 

plasma concentration of the hormone reaches a peak during the night hours and lowest 

amplitude during the day. The persistence of high concentrations of melatonin is proportional 

to the duration of darkness (Goldman, 1991; Reiter, 1991, 1993; Pevet, 1993). The pineal 

gland through its hormone secretion ‘informs’ the animals about the current phase of day and 

the year (Reiter, 1991). 

 

The results are interesting because the animals selected for this study, the Molly 

(Poeciliaformosa)fish is known as a continuous breeder and there is no evidence that there is 

any variation in its reproductive activities after its maturation with respect to seasonal 

variation or photoperiod, while for the first time this experiments shows a variation in activity 

as well as hormonal profile in this species when exposed to pineal indoleamine led to varied 

results observed from the general conclusion regarding its gonadotrophic hormonal profile.  

However, during this experiment there was no reversal of sex in this species even though the 

animals were exposed to different hormones for 16hrs /day for 45 days.  Further this 

experiment reveals that MLT when administered singly or in combination with E or P had 

similar results by which can be concluded that MLT has masked effect of E or P when 

administered in combination with MLT. 

 

Graphs: 

Graph -1      Graph -2 

 

 

Graph – 1: FSH profile in fish exposed to melatonin and / or estrogen, progesterone held in 

L:D 12:12 (values expressed in ng/ml. Significance at P<0.01 **) The values are mean ± SE 

Graph – 2: LH profile in fish exposed to melatonin and / or estrogen, progesterone held in 

L:D 12:12 (values expressed in ng/ml. Significance at P<0.01 **, p<0.05*) The values are 

mean ± SE 
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Graph -3                                                                          Graphs -4 

 

 

 

 

 

 

 

 

  

 

 

 

 

Graph – 3: Growth hormonal profile in fish exposed to melatonin and / or estrogen, 

progesterone held in L:D 12:12 (values expressed in ng/ml. Significance at P<0.01) The 

values are mean ± SE 

Graph – 4: Estrogen level in fish exposed to melatonin and / or estrogen, progesterone held in 

L:D 12:12 (values expressed in ng/ml. Significance at P<0.01) The values are mean ± SE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph -5 

 

Graph – 5:  Progesterone level in fish exposed to melatonin and / or estrogen, progesterone 

held in L:D 12:12 (values expressed in ng/ml. Significance at P<0.01 **, p<0.05*) The 

values are mean ± SE 
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