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Abstract
This paper provides a comprehensive overview of the endogenous regulation of seasonal reproduction in animals, highlighting the intricate relationship between environmental conditions and the endocrine system. It discusses how animals adapt their reproductive cycles in response to changes in external factors such as temperature, daylight, and food availability. Central to this process is the hypothalamic-pituitary-gonadal (HPG) axis, a complex neuroendocrine system comprising the hypothalamus, pituitary gland, and gonads, which work together to regulate reproductive functions. Key components involved in this regulation include gonadotropin-releasing hormone (GnRH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), and various hormones and neurochemicals such as melatonin, glucocorticoids, kisspeptin, and leptin. Their roles in modulating the reproductive cycle are detailed throughout the paper. The importance of melatonin is particularly emphasized, as it converts photoperiodic information into hormonal signals that influence reproductive timing in seasonally breeding mammals. This review considers both pioneering experiments and more recent studies, underscoring the complexity of hormonal interactions in reproductive regulation and the adaptive mechanisms that animals employ in response to changing environmental cues.
Keywords: Seasonal Reproduction, Endogenous regulation, Melatonin, Hormonal 	Comment by Atindra Karar: The highlighted texts can be kept without bold.






Introduction
regulation	Comment by Atindra Karar: The highlighted word ‘regulation’ is inappropriate here. Please omit this word.
Environmental conditions prevailing around the animals keep changing. Animals respond to these environmental fluctuations by adaptive alteration of their physiological processes and synchronizing their reproductive cycle accordingly. A link exists between the environmental factors and the internal milieu (the endocrine system), that is ultimately responsible for the control of reproduction. The links between the external variables and the endocrine system are complex. The endocrine control of reproductive function is finely tuned by a hierarchy of endocrine organs comprising the hypothalamic-pituitary-gonadal axis (HPG) through several feedback loops using different chemical messengers like neurotransmitters, hormones and growth factors.
HPG axis is a complex neuroendocrine system that is composed of three functionally and anatomically distinct structures i.e hypothalamus, pituitary and gonads. The three units of HPG axis work in proper coordination and thus regulate the reproduction.	Comment by Atindra Karar: The highlighted term will be “i.e.”. Please correct this.
The hypothalamic area
The hypothalamic area that is involved in control of reproduction in animals is characterized by scattered neurons that produce gonadotropin releasing hormone (GnRH). These neurons are located in the forebrain, mainly in the preoptic, anterior hypothalamic and ventromedial hypothalamic areas as well as in the supraoptic nucleus, arcuate nucleus, medial basal hypothalamus and median eminence. “GnRH pulse generator” is a collective term used for these dispersed GnRH neurons. These neurons receive and integrate endogenous cues, hormones, neurotransmitters and growth factors, which originate in different types of cells sensitive to external stimuli (like temperature, daylength, food availability etc.) or internal stimuli such as nutritional status, growth etc. This information via stimuli gets translated into the changes in the synthesis and secretion patterns of GnRH. The “master molecule” in control of reproduction, GnRH, is a decapeptide hormone and is transported via a blood portal system to the anterior pituitary (Bronson, 1989). At the pituitary it stimulates the release of follicle stimulating hormone (FSH) and luteinizing hormone (LH) (McCann et al., 1998, Marshall et al., 2001). These gonadotropins (FSH and LH) then stimulate the gametogenesis, steroidogenesis (including testosterone, estrogen and progesterone) and secondary sexual charecteristics (Martin, 1984, Bronson, 1989). In turn gonadal steroid hormones and inhibin regulate the hypothalamic/pituitary function by feedback mechanisms, and thus completing the loop of endogenous regulation of reproduction (Martin, 1984, McCann et al., 1998, Tilbrook et al., 2000, Marshall et al., 2001). Estrogen increases GnRH release (Martin, 1984) and progesterone decreases GnRH release (Marshall et al., 2001) thus affecting LH and FSH release accordingly; estradiol (produced by the ovary) enhances LH secretion (Marshall et al., 2001); and inhibin inhibits the release of FSH from the anterior pituitary directly (McCann et al., 1998, Marshall et al., 2001). 	Comment by Atindra Karar: Kindly check the spelling and change it.
A variety of other hormones and chemicals within the body influence the HPG axis and either directly or indirectly regulate the reproductive functions. Melatonin, thyroxine, glucocorticoids, corticotropin-releasing hormones, cholecystokinin (CCK), insulin, growth hormone (GH), glucose, amino acids, pro-opiomelanocortin (POMC), leptin, gastric inhibiting peptide (GIP) neuropeptide Y (NPY), opioids, galanin, serotonin, catecholamines, nitric oxide (NO), kisspeptin  are some of the important ones that influence reproduction (Barb et al., 1982, I’Anson et al., 1991, Wade et al., 1996,Tilbrook et al., 2000).	Comment by Atindra Karar: Punctuation (,) is missing in between GIP and neuropeptide Y.	Comment by Atindra Karar: Please reduce the extra space between the highlighted words.
Melatonin
Presence of a self-sustained endogenous rhythm of seasonal reproductive activity (Circannual biological clock: Rensing et al., 2001, Lincoln et al., 2006) has been found in most of the seasonally breeding mammals. Photoperiod entrains and synchronizes this biological clock of animals. The pineal gland transduces this photic information into one of its critical secretory product, melatonin.  Photic information is perceived by retinal photoreceptors. From retinal photoreceptors, photic information is conveyed to the Supra Chaismatic Nucleus (SCN) via the retinohypothalamic tract that generally terminates within the ventral and lateral SCN (The SCN are localized in the anteroventral hypothalamus). The information is transmitted to stellate ganglion (anterior cervical ganglion) and then to pineal gland (Bittman et al., 1983). Pineal gland translates neural stimuli mediating photoperiod into hormonal stimuli melatonin.	Comment by Atindra Karar: Please give separate bracket for the highlighted word. Give separate brackets for the highlighted word and the references. 	Comment by Atindra Karar: Check the grammatical error and change it.	Comment by Atindra Karar: Kindly check the spelling and change it.
Melatonin (N-acetyl-5methoxytryptamine), a neurohormone was discovered by Lerner et al. in 1958. Besides, vertebrates it has been found in insects, planarians, and unicellular algae (Reiter, 1973). Melatonin is synthesized primarily in the pineal gland, but in some species it is also found in other tissues including the retina and the Harderian gland (Reiter et al., 2009). In vertebrates, melatonin is synthesized through a series of steps that include the pineal indoleamine serotonin as an intermediate. Serotonin N-acetyltransferase (SNAT) is the rate-limiting enzyme in melatonin synthesis, and the enzyme hydroxyindole-O-methyltransferase (HIOMT) is involved in the final step of the process. HIOMT is also involved in the synthesis from serotonin of another pineal hormone 5-methoxytryptophol (5-MTP). 	Comment by Atindra Karar: Punctuation (,) is missing after the highlighted word.
Melatonin is also known as the "hormone of darkness," and secreted in dark in both day-active (diurnal) and night-active (nocturnal) animals. Concentrations of melatonin peaks during the dark and basal levels occur during the light portion of the day. The secretory pattern of melatonin allows individuals to ascertain the time of the year and thus anticipate predictable seasonal environmental changes (Reiter et al., 2009). 	Comment by Atindra Karar: Check the position of the punctuations. Put (,) after (“).
Physiologically released pineal melatonin provides circadian and seasonal timing cues for the regulation of reproduction in seasonal breeders (Reiter et al., 2009).The reproduction of long-day breeders is repressed during the winter months (when elevated melatonin levels are at their longest nocturnal duration), by melatonin and the reproduction of short-day breeders ( sexually most active and capable during the shortest days of the year, when melatonin levels are maximal in terms of their nocturnal duration) is stimulated by melatonin. Accordingly the terms antigonadal or antigonadotropic is generally used for melatonin action in case of  long day breeders while it is referred as progonadal or progonadotropic for short day breeding animals. But melatonin is per se neither antigonadotropic nor progonadotropic. Rather, the changing duration of the nocturnal melatonin message is a passive signal that provides the hypothalamo-pituitary-gonadal axis information as to the time of year i.e., calendar information (Reiter et al., 2009). Depending on this information the animals time their reproductive activity so as to ensure the birth of the offspring at the time when the conditions are optimal for their survival. 	Comment by Atindra Karar: Please reduce the extra space.	Comment by Atindra Karar: Please reduce the extra space between the highlighted words
This effect is mediated by modulation of the hypothalamo–pituitary–gonadal (HPG) axis function through activation of melatonin receptors in hypothalamic GnRH (gonadotropin-releasing hormone) releasing neurons, pars tuberalis of the anterior pituitary, gonadotrophs and lactotrophs of pars distalis, as well as testes and ovaries (Dubocovich and Markowska, 2005)
A melatonin receptor is a G protein-coupled receptor (GPCR) which binds melatonin. Three types of melatonin receptor have been cloned. The MT1 (or Mel1A or MTNR1A) and MT2 (or Mel1B or MTNR1B) receptor subtypes are present in humans and other mammals, while an additional melatonin receptor subtype MT3 (or Mel1C or MTNR1C) has been identified in amphibians and birds (Dubocovich and Markowska, 2005). 
Melatonin Receptor Subtype Involved in the Seasonal Responses
MT1 receptor is supposed to be involved in mediating the action of melatonin in seasonal variations. Liu et al. (1997) demonstrated through the targeted disruption of MT1 that this receptor subtype is involved in the regulation of circadian rhythms in mice. Unfortunately, those mice did not display seasonal variations in reproduction, and therefore no conclusion could be reached concerning the role of MT1 in mediating seasonal effects. The MT2 receptor did not seem to play a major role in regulating seasonal functions. In Siberian hamster, only the MT1 receptor was expressed because the MT2 receptor gene could not encode a functional receptor due to nonsense mutations in the coding region of the receptor cDNA. This natural knockout of the MT2 receptor gene did not alter seasonal reproductive responses (Weaver et al., 1996). Similarly, sheep is reported to express only the MT1 receptor subtype among high-affinity melatonin receptors (Migaud et al., 2004). MT1 receptors have been immunolocalized in the Leydig cells of the testis of the Indian palm squirrel, Funambulus pennanti (Ahmad and Haldar, 2010). These reports suggest that MT1 mediates the seasonal effect of melatonin on the reproduction. This conclusion is substantiated by the presence of MT1 mRNA in putative melatonin target tissues that regulate reproduction (SCN in Siberian hamsters and PMH in sheep: Song et al., 2000, Migaud et al., 2004).	Comment by Atindra Karar: Kindly check the spelling of the scientific name and change it. 
The effects of melatonin administration have been extensively studied in both males and females. Wurtman, (1963) for the first time reported in rat that melatonin injections delayed the spontaneous vaginal opening and caused a highly significant reduction in ovarian and uterine weight and incidence of vaginal estrus. Many workers have reported disruption of ovarian cyclicity, reduction in weight of reproductive tract, gonadotrophins and gonadal steroids after melatonin treatment (Bridges et al., 1976, Tamarkin et al., 1976, Reiter et al., 1980, Richardson et al., 1981and Vriend et al., 1987). Daily subcutaneous injections of melatonin suppress gonadal activity in female Syrian hamsters (Tamarkin et al., 1976). Wun et al. (1983) reported the antigonadotropic effect of melatonin. Further melatonin receptor has been localized in ovary (Clemens et al., 2001) and uterus (Zhao et al., 2002), suggesting direct action of melatonin on these organs. 
A daily rhythm in responsiveness to melatonin injections in Syrian or Golden hamsters was observed to note the effective time of treatment and it was found to be most effective only when the injections administered during the last few hours of the photophase or last hours of the scotophase. Injections administered in the morning or in the middle of the night were not effective in suppressing the reproductive system (Reiter et al., 1980 and Tamarkin et al., 1976). Similarly daily melatonin injections in Djungarian hamsters and prepubertal male rats during late afternoon/evening had shown the suppression of reproductive systems, but not effective when given in morning (Lang et al., 1983). Thus they have suggested that daily rhythm in responsiveness to exogenous melatonin might have been related to the rhythms in target tissue responsiveness (Tamarkin et al., 1976). Therefore, it could be possible that the injection of melatonin exhibits its effectiveness only when administered closest enough to the beginning or the end of the endogenous circadian melatonin elevation resulting in an extended period of elevated circulating melatonin. Glass and Lynch (1981) have reported that implants of melatonin in the medial preoptic and supra and retrochaismatic areas elicit complete gonadal regression. 	Comment by Atindra Karar: Punctuation (,) is missing after the highlighted word.	Comment by Atindra Karar: Kindly check the spelling and change it.
Corticosteroids
Corticosteroids have a profound effect on many regulatory system of the body, including reproductive system. A number of corticosteroids are secreted from adrenal cortex like mineralocorticoids (aldosterone), gonadocorticoids (androgen) and glucocorticoids (cortisol) (Alkass, 2009). Corticosteroids, ACTH and stress have all been demonstrated to exert both inhibitory and facilitory effects on the reproductive functions. The first line of defense for coping with any stressor/adverse situation, in an organism is an increase in glucocorticoid secretion which leads to the activation of hypothalamo-pituitary-adrenal (HPA) axis and consequent inhibition of reproductive functions. The components of HPA axis can affect hypothalamo-pituitary-gonadal (HPG) axis at three levels 	Comment by Atindra Karar: Kindly check the spelling and change it.
i. Brain (affecting GnRH)
ii. Pituitary (affecting gonadotropin secretion)
iii. Gonads (affecting gonadal steroids)
[bookmark: bbib18]Glucocorticoids are members of the steroid family of hormones, exhibiting the characteristic steroid nucleus. In most mammalian species, including man, the principal secreted GC is cortisol (also referred to as hydrocortisone). In mice, rats, and rabbits, the principal secreted GC is the corticosterone which is identical to the cortisol molecule except that the 17α hydroxyl group is missing in the former. Most synthetic GCs are basically cortisol molecules containing chemical modifications that amplify GC biological activity in vivo. Among these are prednisolone (Δ1-cortisol) which is about 4 times as potent as cortisol, triamcinolone (16α-hydroxy, 9α-fluoroprednisolone) which is about 5 times the potency of cortisol, and dexamethasone (16α-methyl, 9α-fluoroprednisolone) which is about 30-fold the potency of cortisol.	Comment by Atindra Karar: Write the full form of the highlighted term.
iv. 
[bookmark: fig4][bookmark: 4]The adverse effects of stress on reproduction, mediated primarily by high levels of GCs, have been recognized and reported in a number of species ranging from rodents to ruminants and primates including humans (Maeda and Tsukamura, 2006). While excessive exposure to glucocorticoids on the pituitary–gonadal axes of both genders may be detrimental, physiological levels of GC are generally beneficial and important for normal function of the reproductive system at its various levels or stages of the development. Inhibited ovulation (Smith et al., 1971) has been observed in rats following glucocorticoid treatment. Chronic corticosteroid treatment has been reported to suppress LH secretion in monkeys as well as in rats (Smith et al., 1971, Baldwin, 1979). Glucocorticoid receptors have been localized in ovarian cells which suggest direct action of glucocorticoids in the ovary (Schreiber et al., 1982).
The profound effect of glucocorticoid, “the stress hormone” has also been revealed on the male reproductive functions The inhibitory effects of glucocorticoid are in part due to direct action on testicular Leydig cells (Sapolsky, 1992, aand Orr et al., 1994). During stress conditions glucocorticoid level in circulation increases sharply resulting in testicular involution and significant drop in testosterone secretion, accompanied by diminished libido and fertility. Increased glucocorticoid leads to decreased testosterone through suppressed androgen synthesis and reduction in the number of Leydig cells as a result of apoptosis (Orr et al., 1994,  Yazawa et al., 2000 and Gao et al., 2003). Increased glucocorticoid levels have been reported to disrupt and suppress endocrine signaling in the male reproductive axis (Baldwin, 1979). Tsantarliotou et al. (2002) have observed in Chios rams that total acrosin activity in spermatozoa gets reduced between 7-28 days after dexamethasone (a synthetic glucocorticoid) administration. Dexamethasone also induces a reduction in mean value and basal level of blood testosterone. Later, Gur et al. (2005) have reported decreased sperm concentration, semen volume and sperm motility in rams injected with dexamethasone. Stalker et al. (1991) have established the expression of glucocorticoid receptors in the Leydig cells of the testis. Later the findings of Sapolsky (1992) have suggested that the inhibition of testosterone level in the blood is partly due to direct receptor-mediated effect of glucocorticoid in Leydig cells, but during chronic stress gonadotropin secretion by pituitary is reduced which leads to reduced testosterone. Further, Orr et al. (1994) have reported that glucocorticoid directly inhibits the transcription of genes encoding testosterone biosynthetic enzymes.	Comment by Atindra Karar: Kindly check the spelling and change it.	Comment by Atindra Karar: Please reduce the extra space between the highlighted words
Thyroxine
The thyroid gland is one of the largest endocrine gland. It resumes its actions by producing thyroid hormones, the principal ones being triiodothyronine (T3) and thyroxine or tetraiodothyronine (T4). T3 and T4 are synthesized from both iodine and tyrosine. Hormonal output from the thyroid is regulated by thyroid-stimulating hormone (TSH) produced by the anterior pituitary and thyrotropin-releasing hormone (TRH) produced by the hypothalamus. Thyroid hormone is a critical regulator of somatic growth, metabolism, brain development, and other vital processes in developing and adult animals. However, thyroid hormone was not historically viewed as a major regulator of the gonads.	Comment by Atindra Karar: Check the grammatical error and change it.
The importance of this metabolic gland and its hormones in seasonal reproduction was first demonstrated in starlings by Woitkewitsch (1940), who observed that thyroidectomy prevented seasonal decline in the testicular activity and sustained the breeding season indefinitely. Later, Wieselthier and Van tienhoven (1972), demonstrated that thyroidectomy prevents the development of photorefractoriness, a spontaneous change responsible for the termination of the breeding season. After this report this paradigm has undergone a major reappraisal and it is now clear that thyroid hormone has critical actions on the ovary and testis. Since then many studies have proved that thyroid hormones are necessary for the maintenance of seasonal reproductive changes in many species of mammals such as golden hamster, mink, sheep, Soay ram, red deer, wild rabbit, Suffolk ewe, rat, Indian palm squirrel, ewe and several species of birds. The thyroid gland appears to be crucial for the seasonal transition of seasonal breeders from the breeding to non-breeding season. Several studies (Nicholls et al., 1988, Shi and Barrel, 1992, Prendergast et al., 2009) have reported that thyroid ablation prevents the animal from entering the non-breeding state in both males and females in different species of animals. Prendergast et al., (2009) have observed in adult male Siberian hamsters that inhibition of thyroid gland function by addition of thiourea to drinking water does not interfere with gonadal regression upon exposure to short days but causes an earlier gonadal recrudescence. Nicholls et al., (1988) working in sheep have found that, ablation of the thyroid maintains ovarian cyclicity without interruption. Studies of Shi and Barrel (1992) have revealed in red deer stags that thyroidectomy nearly abolishes the non breeding season and the animals retain full grown testes throughout the year.	Comment by Atindra Karar: Give hyphen between the highlighted words.

It has been suggested that thyroidectomy blocks the neuroendocrine changes that lead to the transition from the breeding season to anoestrus, whether the transition is induced by exposure to inhibitory photoperiod or driven by the endogenous rhythm that underlies the seasonal changes of reproductive activity in the species concerned. This effect of thyroidectomy is fully prevented by the replacement of thyroxine (T4) at a dose that restores a physiological serum concentration of that hormone (Dahl et al., 1995) and suggested that the  role  of thyroid hormone is permissive rather than dose-dependent, thyroid hormones need only to be present for occurrence of the transition to non-breeding phase. Furthermore, Thrun et al., (1997) have demonstrated that the presence of T4 is required only during a discrete period late in the breeding season to develop anoestrus at the usual time. 	Comment by Atindra Karar: Please reduce the extra space between the highlighted words.
Besides being a potent factor in the regulation of seasonal reproduction, the metabolic hormone, thyroxine (T4), has been implicated in the physiological regulation of energy balance as well as in maintaining normal reproductive function in mammals (Shi and Barrel, 1992). Thyroxine and tri-iodothyronine are involved in tissue differentiation and growth, and in the regulation of numerous bodily functions, mainly by affecting metabolic rate. Thyroid hormones act on many different target tissues, stimulating oxygen utilization and heat production in every cell of the body. The overall effects of this hormone are to increase the basal metabolic rate, to make more glucose available to cells, to stimulate protein synthesis, to increase lipid metabolism and to stimulate cardiac and neural functions (Capen and Martin, 1989).
Gonadal Steroids
Testosterone and estrogen are the main steroid hormones secreted from the male and female gonads, respectively. Steroidogenesis is the biological process by which steroids are generated from cholesterol and transformed into other steroids. The pathways of steroidogenesis differ from species to species. Gonadal steroids exert both stimulatory and inhibitory effects on GnRH and gonadotropin release through feedback mechanism. 
Testosterone is the principal steroid produced by Leydig cells of the testis. Androstenedione and dehydroepiandrosterone are also produced, but the physiological potencies of these androgens are so low that they do not substitute for normal Leydig cell function. Testosterone is involved in several male reproductive processes and fluctuates from one season to the next (Gomes and Joyce, 1975). In particular, this steroid hormone is regarded as a prime mediator of life history trade-offs between parental care and mating effort, or between reproduction and survival (Ketterson et al., 1992; Hau, 2007). During the breeding season, high plasma testosterone concentration facilitates mating effort in males (Ketterson et al., 1992). Correlative and experimental evidences also indicate that higher testosterone concentration can lead to increased mating success (Reed et al., 2006). Androgens regulate gene expression via the androgen receptor (AR). The androgen receptor (AR), also known as NR3C4 (nuclear receptor subfamily 3, group C, member 4), is a type of nuclear receptor that is activated by binding of either of the androgenic hormones testosterone or dihydrotestosterone in the cytoplasm and then translocating into the nucleus. Development of the coagulating gland seminal vesicle (SV) and ventral prostate (VP) is dependent upon androgens (Thompson et al., 1987). 	Comment by Atindra Karar: Punctuation (,) is missing after the highlighted word.
Estrogen, in females, is produced primarily by the ovaries. Follicle stimulating hormone (FSH) stimulates the production of estrogen by the granulosa cells of the ovarian follicles and corpora lutea. The actions of estrogens are mediated by the Estrogen receptor (ER), a dimeric nuclear protein that binds to DNA and controls gene expression. Further there are two types of ER denoted as estrogen receptor α (ER α) and estrogen receptor β (ER β).  Since estrogens enter in all the cells, their actions are dependent on the presence of the ER in the cell. The ER is expressed in specific tissues including the ovary and uterus. Endogenous estrogen and progesterone are responsible for primary control of normal reproductive function. Ovarian estrogens have a variety of additional functions related to reproduction like induction of its own receptors as well as induction of progesterone receptor expression in the ovary and reproductive tract. The primary target for steroid hormone is uterus. Both endometrium and myometrium proliferate in response to estrogen administration, although mitogenic response to estrogen is more in endometrium. Lindsay et al. (1997) have reported that estrogen induces endometrial glands to produce estrogen and progesterone receptors. The authors have reported that absence of estrogen causes atrophy of endometrial glands but exposure to estrogens leads to proliferative glandular changes.
Neurotransmitters
Different neurotransmitters investigated for their neuroendocrine functions including dopamine, noradrenaline, serotonin, histamine, acetylcholine, gama-aminobutyric acid (GABA) and others are associated with many hormonal changes in the mammals. Although other neurotransmitters are known, serotonin (5-HT), dopamine and noradrenaline (NE) appear to have central role in the regulation of not only hormonal rhythms but also of many other events which occur at specific time like a rhythm or cycle.	Comment by Atindra Karar: Kindly check the spelling and change it.
 In general, hypothalamic norepinephrine (NE) has been shown to stimulate whereas serotonin has been reported to inhibit gonadotropin release under most of the conditions. NE elicits the release of GnRH which in turn regulates pituitary LH and FSH. Simpkins et al. (1977) reported a reduction in catecholamine and an increase in serotonin turnover in aging male and female rats with decreasing reproductive activities. But the temporal relation of neurotransmitters is considered to be more potent than the individual action.  A plethora of reports exist emphasizing the temporal phase relation of serotonergic and dopaminergic circadian oscillations that affect gonadal development. (Wilson and Meier 1989,  Chaturvedi and Jaiwal 1990, and Sethi and Chaturvedi, 2009). These studies have demonstrated a temporal relation between serotonin and dopamine by administering their precursors 5HTP (5-hydroxytryptophan) and L-DOPA (L- dihydroxyphenylalanine), respectively. They have proposed that administration of 5-HTP and L-DOPA at an 8-h temporal relation suppresses gonadal growth and a 12-h relation accelerates gonadal growth.	Comment by Atindra Karar: Please reduce the extra space between the highlighted words.	Comment by Atindra Karar: There will be no space between the highlighted words.
Leptin
Leptin discovered in 1990’s is a peptide hormone synthesized by adipose tissue.  It is considered as a satiety factor in deciphering the mechanisms and signals responsible for the endocrine control of energy balance and reproduction (Nagatani et al., 1998). Clarke and Henry, (1999) reported that leptin promotes sexual maturation in rodents and may affect the secretion of various hormones, either affecting reproduction directly or indirectly. It has been shown to serve as primary metabolic signal to regulate the secretory activity of GnRH pulse generator. Nagatani et al. (1998) have reported that leptin stimulates GnRH, LH and FSH secretion.  It is also reported to activate nitric oxide synthase and change glucose availability (Nagatani et al., 1998).
Ghrelin  
Ghrelin, a peptide, has emerged as an important endocrine signal for physiologic coupling of energetic metabolism and reproduction. It is mainly secreted by gastric/abomasum mucosa cells and acts on the hypothalamus to regulate the process of reproduction. Ghrelin is supposed to antagonize the effects of leptin on energetic metabolism. In rats, ghrelin and its receptors GSHR-1a are expressed in the ARC, particularly in cells expressing orexigenic peptides like NPY, which favors food intake and weight gain (Barreiro and Sempere, 2004).
NPY

NPY an orexigenic peptide, expressed in the hypothalamus is known to modulate GnRH release by inhibiting its secretion (Cunningham et al., 1999), stimulate the food intake, increase the plasma insulin and corticosterone levels and decrease the thermogenesis (Stephens et al., 1995). Findings of Clarke and Henry, (1999) have suggested that it also inhibits secretion of LH and noradrenaline neurons.
Several studies in sheep suggest that season or photoperiod, presumably through melatonin secretion, induces changes in NPY mRNA and/or protein levels in the arcuate nucleus that are consistent with a reinforced inhibitory action of NPY in long days (Dobbins et al., 2004).
Kisspeptin
Kisspeptin, is a family of peptides encoded by the Kiss1 gene. The discovery of kisspeptin was a mile stone in the field of Neuroendocrinology. Kisspeptin is a G-protein coupled receptor ligand for GPR54 and belongs to a larger family of peptides known as RFamides. Originally it was known as metastin and was believed to be restricted to metastasis suppression. In the year 2003 an unexpected and novel role for this protein was discovered. Loss-of-function mutations in its receptor, GPR54, were found to cause absence of puberty and hypogonadotropic hypogonadism in humans. Mice with targeted deletions of Gpr54 also have a hypogonadotropic phenotype, confirming the important role of this ligand-receptor family in the control of puberty and reproductive functions (de Roux et al., 2003). Since then several studies have proposed kisspeptin to be a pivotal regulator of GnRH neurons (Gill et al., 2010, and Smith et al., 2011). It has been reported that in mice and rats, the Kiss1 gene is mainly expressed in two hypothalamic areas anteroventral periventricular nucleus (AVPV) and arcuate nucleus (Arc). Kiss1 expressing neurons in the anteroventral periventricular nucleus (AVPV) and arcuate nucleus are the site of positive and negative feedback effects of sex steroids (Smith et al., 2011).	Comment by Atindra Karar: Punctuation (,) is missing after the highlighted word.
Conclusion: 
The information presented clearly depicts the role played by different factors in regulation of seasonal reproduction. The endocrine control of reproduction is highly complex and involves a vast number of hormones and chemicals which affect the hypothalamo-pituitary-gonadal axis in different ways i.e.  some are inhibitory while others stimulatory. Wide arrays of environmental factors also regulate the process of reproduction in seasonal breeders. Thus the endocrine and environmental factors interact in a complex manner to control seasonal reproduction.	Comment by Atindra Karar: Punctuation (,) is missing after the highlighted word.
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