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Non mammalian vertebrate models and the endocannabinoid system: relationships with gonadotropin-releasing hormone
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Endocannabinoids, via cannabinoid receptors (CB1 and CB2), affect reproductive functions at both local and central level. Due to the high complexity of the endocannabinoid system, to the widespread distribution outside the nervous system and to the high degree of evolutionary conservation, a deep CB1 molecular characterization among species may be useful to elucidate the activity of endocannabinoids at multiple levels. In this review we report CB1 characterization in non mammalian animal models and, in particular, in the anuran amphibian, the frog, Rana esculenta; we also describe its expression during the annual sexual cycle. Moreover, since reproductive functions are under control of gonadotropin releasing hormone (GnRH), cb1 mRNA and protein expression profile in the forebrain has been compared to those of GnRH-I, the mammalian form primarily involved in gonadotropin release.

trans-membrane G-protein coupled receptors, are highly expressed in the central nervous system and in the immune system, respectively. Both are also expressed in several tissues, gonads included [START_REF] Brown | Cloning and molecular characterization of the rat CB2 cannabinoid receptor[END_REF][START_REF] Galiegue | Expression of central and peripheral cannabinoid receptors in human immune tissues and leukocyte subpopulations[END_REF][START_REF] Matsuda | Localization of cannabinoid receptor mRNA in rat brain[END_REF][START_REF] Shire | Molecular cloning, expression and function of the murine CB2 peripheral cannabinoid receptor[END_REF]. The type-1 vanilloid receptor (TRPV1), may be considered the third cannabinoid receptor; it is a ligand-gated and non-selective cationic channel with an intracellular binding site for the AEA; and is expressed at both central and local level [START_REF] Di Marzo | Anandamide receptors[END_REF][START_REF] Van Der Stelt | Anandamide acts as an intracellular messenger amplifying Ca2+ influx via TRPV1 channels[END_REF], Wang et al., 2006).

Besides CB1 and CB2, the presence of CBx has been postulated in mice [START_REF] Wiley | Cannabinoid pharmacology: implications for additional cannabinoid receptor subtypes[END_REF]; recently, the orphan receptors GPR55 and GPR119 have been considered putative novel cannabinoid receptors [START_REF] Brown | Novel cannabinoid receptors[END_REF]; the former is activated by multiple different cannabinoid ligands [START_REF] Brown | Novel cannabinoid receptors[END_REF], the latter binds the acylethanolamides OEA [START_REF] Overton | Deorphanization of a G protein-coupled receptor for oleoylethanolamide and its use in the discovery of small-molecule hypophagic agents[END_REF] Although endocannabinoids are lipidic compounds, a putative endocannabinoid membrane transporter (EMT) mediates the uptake of AEA and 2-AG according to a saturable, selective and temperature dependent process [START_REF] Hillard | The movement of N-arachidonoylethanolamine (anandamide) across cellular membranes[END_REF].

Generally endocannabinoids, cannabinoid receptors, EMT and several enzymes responsible for endocannabinoid biosynthesis and degradation constitute the highly conserved "endocannabinoid system".

Focusing on cannabinoid receptors, orthologs of the human cb1 have been cloned and sequenced in vertebrates, from fish to mammals [START_REF] Elphick | The neurobiology and evolution of cannabinoid signalling[END_REF]. Two paralog genes, cb1 and cb2 have been detected in mammals. In addition, in humans, two splice variants of cb1, cb1a and cb1b, produce proteins with different amino terminal domain, pharmacological effects and expression rate [START_REF] Ryberg | Identification and characterization of a novel splice variant of the human CB1 receptor[END_REF], Shire et al., 1995). In fish, three paralog genes with differential tissue expression have been detected; in the puffer fish, Fugu rubripes, two cb1 genes, cb1A and cb1B, [START_REF] Yamaguchi | Molecular cloning of two cannabinoid type 1like receptor genes from the puffer fish Fugu rubripes[END_REF] together with a cb2 gene have been cloned; in the A c c e p t e d M a n u s c r i p t 4 zebrafish, Danio rerio, a cb1 gene and paired paralogs of cb2 genes, cb2a and cb2b, have recently been described [START_REF] Rodriguez-Martin | Characterization of two duplicate zebrafish Cb2-like cannabinoid receptors[END_REF]. In invertebrates, cb ortholog genes have been cloned in the urochordate, the sea squirt Ciona intestinalis [START_REF] Elphick | The invertebrate ancestry of endocannabinoid signalling: an orthologue of the vertebrate cannabinoid receptors in the urochordate Ciona intestinalis[END_REF], and later in the cephalochordate, the amphioxus, Branchiostoma floridae [START_REF] Elphick | BfCBR: a cannabinoid receptor ortholog in the cephalochordate Branchiostoma floridae (Amphioxus)[END_REF]. The current evolutionary hypothesis correlates the first appearance of cannabinoid system to deuterostomian organisms [START_REF] Elphick | BfCBR: a cannabinoid receptor ortholog in the cephalochordate Branchiostoma floridae (Amphioxus)[END_REF]Egertovà 2001, Salzet andStefano 2002 for reviews). Nevertheless, in the sea urchin Strongylocentrotus purpuratus, a non-chordate deuterostomian invertebrate in which endocannabinoid affect sperm functions (Chang et al., 1993, Schuel et al., 1994, Schuel and Burkman 2005), the search of a cb1/cb2 orthologs has been carried out without any success [START_REF] Burke | A genomic view of the sea urchin nervous system[END_REF].

Endocannabinoids modulate reproductive functions at multiple levels [START_REF] Wang | Jekyll and Hyde: two faces of cannabinoid signaling in male and female fertility[END_REF].

At central level, they negatively affect the secretion of pituitary gonadotropin hormones (LH and FSH); such effect is not mediated at pituitary level but upstream at hypothalamic level (for review [START_REF] Murphy | Function of cannabinoid receptors in the neuroendocrine regulation of hormone secretion[END_REF], Wang et al., 2006[START_REF] Wenger | The central cannabinoid receptor inactivation suppresses endocrine reproductive functions[END_REF]. CB1 activity has also been reported in the anterior pituitary gland in mammals and in amphibians [START_REF] Wenger | Immunocytochemical demonstration of CB1 cannabinoid receptors in the anterior lobe of the pituitary gland[END_REF][START_REF] Cesa | Relationships between CB1 cannabinoid receptors and pituitary endocrine cells in Xenopus laevis: an immunohistochemical study[END_REF] and CB1 immunoreactivity has been detected in lactotrophs and gonadotrophs [START_REF] Wenger | Immunocytochemical demonstration of CB1 cannabinoid receptors in the anterior lobe of the pituitary gland[END_REF][START_REF] Cesa | Relationships between CB1 cannabinoid receptors and pituitary endocrine cells in Xenopus laevis: an immunohistochemical study[END_REF]. Lastly, in vitro AEA regulates adenohypophysis hormonal secretion of prolactin, LH, ACTH and GH in dispersed rat pituitary cells [START_REF] Wenger | The endogenous cannabinoid, anandamide regulates anterior pituitary secretion in vitro[END_REF]. At local level, in males, endocannabinoids control sperm motility and or acrosomic reaction in human [START_REF] Rossato | Human sperm express cannabinoid receptor Cb1, the activation of which inhibits motility, acrosome reaction, and mitochondrial function[END_REF][START_REF] Schuel | Evidence that anandamide-signalling regulates human sperm functions required for fertilization[END_REF], boar [START_REF] Maccarrone | Characterization of the endocannabinoid system in boar spermatozoa and implications for sperm capacitation and acrosome reaction[END_REF], mouse [START_REF] Ricci | Endocannabinoid control of sperm motility: the role of epididymus[END_REF], frog [START_REF] Cobellis | Endocannabinoid system in frog and rodent testis: A c c e p t e d M a n u s c r i p t 11 type-1 cannabinoid receptor and fatty acid amide hydrolase activity in male germ cells[END_REF] and sea urchin [START_REF] Chang | Evidence for a cannabinoid receptor in sea urchin sperm and its role in blockade of the acrosome reaction[END_REF][START_REF] Schuel | Anandamide (arachidonylethanolamide), a brain cannabinoid receptor agonist, reduces sperm fertilizing capacity in sea urchins by inhibiting the acrosome reaction[END_REF][START_REF] Schuel | A tale of two cells: endocannabinoid-signaling regulates functions of neurons and sperm[END_REF]. A reduction in copulatory behaviour has also been described [START_REF] Wang | Jekyll and Hyde: two faces of cannabinoid signaling in male and female fertility[END_REF]. In females, they control ovulation, implantation, early embryonic development, as well as foetal growth and number of pregnancies carried to term, the onset of parturition and milk ejections during lactation (for review [START_REF] Wang | Jekyll and Hyde: two faces of cannabinoid signaling in male and female fertility[END_REF]. Interestingly, AEA, via CB1, acts as a retrograde messenger and inhibits the neuronal neurotransmitter release at central level and the In the recent years, we have characterized a complete cannabinoid system in the anuran amphibian, the frog, Rana esculenta [START_REF] Cobellis | Endocannabinoid system in frog and rodent testis: A c c e p t e d M a n u s c r i p t 11 type-1 cannabinoid receptor and fatty acid amide hydrolase activity in male germ cells[END_REF], Meccariello et al., 2006, 2007). This animal model is a seasonal breeder and has the following advantages; 1) a slow progression of spermatogenesis with germ cells at the same maturative stage appearing in specific periods of the annual sexual cycle; 2) a simple testis morphology characterized by germ cells at the same maturative stage that develop in germinal cysts [START_REF] Rastogi | The control of spermatogenesis in the green frog, Rana esculenta[END_REF], Pierantoni et al., 2002b); 3) cyclic hormonal fluctuations associated to the progression of spermatogenesis. In humans, single nucleotide polymorphisms (SNPs) have been reported for cb1 [START_REF] Zhang | Human cannabinoid receptor 1: 5' exons, candidate regulatory regions, polymorphisms, haplotypes and association with polysubstance abuse[END_REF], Muller et al., 2007), cb2 [START_REF] Karsak | Cannabinoid receptor type 2 gene is associated with human osteoporosis[END_REF] and faah [START_REF] Sipe | A missense mutation in human fatty acid amide hydrolase associated with problem drug use[END_REF], a fatty acid amide hydrolase responsible for AEA degradation to ethanolamine and arachidonic acid. Obesity, schizophrenia, alcohol dependence and striatal responses to happy faces have been associated to one of the four known cb1 SNPs [START_REF] Russo | Genetic variations at the endocannabinoid type 1 receptor[END_REF][START_REF] Tsai | Association study of a cannabinoid receptor gene (CNR1) polymorphism and schizophrenia[END_REF], Martinez-Gras et al., 2007[START_REF] Schmidt | Association of a CB1 cannabinoid receptor gene (CNR1) polymorphism with severe alcohol dependence[END_REF]; osteoporosis and systolic/diastolic blood pressure have been associated to cb2 SNPs (Arg528Lys) [START_REF] Karsak | Cannabinoid receptor type 2 gene is associated with human osteoporosis[END_REF][START_REF] Yamada | Association of gene polymorphisms with blood pressure and the prevalence of hypertension in community-dwelling Japanese individuals[END_REF]; lastly, substance abuse / dependence in Caucasian population, higher body mass index and fat metabolism have been correlated to C385A faah SNP responsible for the missense mutation Pro129Thr [START_REF] Sipe | A missense mutation in human fatty acid amide hydrolase associated with problem drug use[END_REF][START_REF] Aberle | Genetic variation in two proteins of the endocannabinoid system and their influence on body mass index and metabolism under low fat diet[END_REF]. available in GenBank confirms that nucleotide changes in cb1 also occur in fish and mammals.

2) Cloning of cb1 in R.esculenta

However, as in frog, most changes do not influence the amino acidic composition except in Fugu rubripes cb1b gene. In this case, nucleotide changes in codons 241 and 463 affect the amino acidic composition (A241E and D463A). Worth of note, since there is no evidence that genomic and cDNA sequences deposited in Gene Bank derive from the same animal collections, the hypothesis that, besides SNPs, post translational modifications of cb1 might currently occur in vertebrates.

This hypothesis is quite suggestive and needs further investigations.

3) Cb1 and GnRH-I relationship in the frog, R.esculenta.

As in other vertebrates, besides central nervous system, cb1 is widely expressed in frog tissues, gonads included [START_REF] Meccariello | Type-1 cannabinoid receptor expression in the frog, Rana esculenta, tissues: a possible involvement in the regulation of testicular activity[END_REF]. Fluctuations of cb1 expression level have been reported in both testis and brain during the annual sexual cycle [START_REF] Cobellis | Endocannabinoid system in frog and rodent testis: A c c e p t e d M a n u s c r i p t 11 type-1 cannabinoid receptor and fatty acid amide hydrolase activity in male germ cells[END_REF], Meccariello et al., 2006). In testis, cb1 expression peaks in autumn, when spermiogenesis takes place, and in early spring as soon as spermatogenesis resumes and sperm release occurs. Such expression profiles clearly correlate with plasmatic androgen levels (d'Istria et al., 1974[START_REF] Cobellis | c-fos-and c-jun-like mRNA expression in frog (Rana esculenta) testis during the annual reproductive cycle[END_REF] and with the appearance of CB1 and FAAH in tubular compartment, mainly in post meiotic germ cells (elongating spermatids and spermatozoa) [START_REF] Cobellis | Endocannabinoid system in frog and rodent testis: A c c e p t e d M a n u s c r i p t 11 type-1 cannabinoid receptor and fatty acid amide hydrolase activity in male germ cells[END_REF]; possibility of an androgen dependent cb1 expression should be addressed. Frog spermatozoa express both CB1 and FAAH;

as in human, boar and sea urchin, also in frog AEA modulates sperm motility [START_REF] Schuel | Anandamide (arachidonylethanolamide), a brain cannabinoid receptor agonist, reduces sperm fertilizing capacity in sea urchins by inhibiting the acrosome reaction[END_REF], 2002[START_REF] Maccarrone | Characterization of the endocannabinoid system in boar spermatozoa and implications for sperm capacitation and acrosome reaction[END_REF], Cobellis et al., 2006) indicating an evolutionarily conserved role in the regulation of male reproductive functions.

AEA and  9 -tetrahydrocannabinol (THC), a phytocannabinoid known as the active constituent of the marijuana plant Cannabis sativa, exerts a negative effect of on neuroendocrine regulation of pituitary hormone secretion inhibiting the release of hypothalamic GnRH [START_REF] Murphy | Function of cannabinoid receptors in the neuroendocrine regulation of hormone secretion[END_REF][START_REF] Scorticati | The inhibitory effect of anandamide on luteinizing hormone-releasing hormone secretion is reversed by estrogen[END_REF]. CB1 is located in the anterior preoptic area and hypothalamus

A c c e p t e d M a n u s c r i p t 8 (Matsuda et al., 1993), brain areas where the GnRH neurons reside. Immortalized GT1 neurons, in turn, produce endocannabinoids, express CB1 and also CB2 [START_REF] Gammon | Regulation of gonadotropin-releasing hormone secretion by cannabinoids[END_REF]; in vivo GnRH secreting neurons are closely located to cannabinergic neurons and scantly express cb1. It is still unclear whether endocannabinoid exert their effects directly on GnRH neurons or on neighbouring cells that control GnRH release. To gain further insight concerning the involvement of cannabinergic system on reproductive functions at central level, we took advantage of the frog brain, a laminate structure with a discrete localization of neuronal population. In this respect, we compared GnRH-I, the molecular form mainly described as hypophysiotropic (Pierantoni et al, 2002a), and CB1 fluctuations in the forebrain during the annual sexual cycle. GnRH-I massive synthesis occurs in the forebrain from April to September, when the decapeptide accumulates in the brain, and reaches a minimal expression level in December-March (Fig. 2A), when the peptide is released [START_REF] Di Matteo | Localization of GnRH molecular forms in the brain, pituitary , and testis of the frog, Rana esculenta[END_REF] to sustain gonadotropin discharge [START_REF] Polzonetti-Magni | Gonadotropins and reproductive function in the anuran amphibian, Rana esculenta[END_REF].

During the annual sexual cycle, in the same encephalic area, cb1 mRNA fluctuations are opposite as compared to GnRH-I mRNA (Fig. 2B), except in September, when cb1 high expression level is available in the telencephalon [START_REF] Meccariello | Type-1 cannabinoid receptor expression in the frog, Rana esculenta, tissues: a possible involvement in the regulation of testicular activity[END_REF]. Such cb1 expression profile well correlates with CB1 protein level reported in Fig. 3.

Annual fluctuations of global CB1 content in telencephalon and diencephalon have been assayed by Western blot using an antibody against rat C-terminus CB1 raised in rabbit [START_REF] Wager-Miller | Dimerization of G protein-coupled receptors: CB1 cannabinoid receptors as an example[END_REF]. In telencephalon the global amount of CB1 protein mirrors cb1 expression profile, with two expression peaks in September and March [START_REF] Meccariello | Type-1 cannabinoid receptor expression in the frog, Rana esculenta, tissues: a possible involvement in the regulation of testicular activity[END_REF]. By contrast, in diencephalon, CB1 protein and mRNA are quite overlapped except in December, when high expression level corresponds to minimal protein level [START_REF] Meccariello | Type-1 cannabinoid receptor expression in the frog, Rana esculenta, tissues: a possible involvement in the regulation of testicular activity[END_REF]. Since in our experiments diencephalons were not collected in January -February, it is not excluded the possibility of a protein peak in middle winter.

In conclusion, a general view indicates that GnRH release correlates with the minimal levels of CB1 detected in both telencephalon and, expecially, in the diencephalon, the encephalic A c c e p t e d M a n u s c r i p t 9 area mainly devoted to the control of reproductive functions. In this respect, an involvement of cannabinergic system in GnRH-I circuitry might be postulated.

4) Closing remarks

The use of R.esculenta in the study of the endocannabinoid system once again confirms that basic mechanisms are highly conserved in evolution. Nevertheless, the evidence of synonymous and non synonymous differences between cb1 cDNA and genomic DNA sequences detected in frogs might be useful for pharmacological applications, if confirmed in humans.

Interestingly, such nucleotide changes also occur in other vertebrates, from fish to mammals.

Whether or not such phenomenon is due to post translational modifications or to SNPs should be further investigated; a clear point is that cb1 nucleotide changes in humans are often associated to behavioural/neurological diseases. It is not excluded that such changes might also be linked to hydiopatic infertility.

Furthermore, this experimental model may help to solve several intriguing questions related to the basic information on endocannabinoid system, especially regarding the control of reproductive functions. Indeed, besides the negative effect of endocannabinoids on GnRH and LH secretion, in rat, GnRH neurons are closely located to cannabinergic neurons and scantly express cb1 [START_REF] Gammon | Regulation of gonadotropin-releasing hormone secretion by cannabinoids[END_REF]. Thanks to the feature of the frog as seasonal breeder, GnRH-I mRNA and peptide expression profile has been compared to cb1 mRNA and protein expression profile indicating that a physiological reverse relationship might exist between the two systems. In this respect, the possibility that cannabinergic neurons may exert a feedback control on GnRH neuron functionality should be further investigated. At present, we report the existence of a negative relationship between GnRH-I and CB1 expression in a lower vertebrate species indicating the possibility of the existence of an evolutionarily conserved mechanism exerted by the endocannabinoid system in the control of GnRH synthesis and /or discharge. 

  Biological systems generally produce endocannabinoids, endogenous lipidic mediators [i.e. anandamide (arachidonoylethanolamide, AEA), 2-arachidonoyl glycerol (2-AG), the noladin ether ), palmitoylethanolamide (PEA)], and possess at least three cannabinoid receptors. Type 1 and type 2 cannabinoid receptors (respectively CB1 and CB2), classical seven

  level(Schuel and Burkman 2005 for review). Nevertheless, a complete and clear picture of the signalling evoked by endocannabinoid system at both central and local level is still missing.A comparative approach has been recognized to gain a deep insight on adaptative phenomena leading to evolutionarily track as well as providing an insight into physiological mechanisms in building general models. Simply to cite an example, the first experiments of nuclei transplantation were conducted using frog eggs[START_REF] Briggs | Transplantation of Living Nuclei From Blastula Cells into Enucleated Frogs' Eggs[END_REF]. Besides evolutionary speculations, one of the advantage of non-mammalian vertebrate in the study of reproductive function, in that most of them are seasonal breeders with a physiological switch on/off of gonadic activity. Environmental factors such as temperature and photoperiods deeply control reproductive functions; both can easily be modified in laboratory, leading to a controlled suppression and/or induction of reproductive functions. Lastly, both gonad and brain architecture are simpler than mammals and this might facilitate morpho-functional studies. Indeed, non-mammalian vertebrates have been recognized to possess morphological features to better study relationships between different neurotransmitter-neuroendocrine-paracrine systems(Teresawa 2003, Pierantoni et al 2002a). In this respect, the use of experimental model other than mammals might be useful to elucidate some functional aspects of endocannabinoid system.

  esculenta we have cloned a partial cb1 cDNA fragment (fcb1) comprising a complete coding region of 1389 bp encoding a protein of 462 amino acidic residues. High nucleotide (62.6 to 81.9%) and amino acidic identity (61.9 to 88.1%) with the other vertebrate known cb1 has been observed. Critical domains for the receptor functionality are conserved in FCB1 protein. The lowest nucleotide/amino acidic identity is observed in the 5'/ N-terminal region of the receptor (amino acidic residues 1-72); a sub domain of seven amino acidic residues is completely lost inR.esculenta (Fig 1).Interestingly, in R. esculenta, detection of nucleotide differences among brain/testis cDNA and genomic sequences in codons 5, 30, 70, 186, 252 and 408 together with the corresponding amino acidic variations in codons 70 and 408 has been reported[START_REF] Meccariello | Cloning of type 1 cannabinoid receptor in Rana esculenta reveals differences between genomic sequence and cDNA[END_REF]. Since such studies were performed comparing cDNA and genomic sequences from the same pools of frog tissues collected during the annual sexual cycle, possibility of polymorphic sites should be excluded. By contrast, different cDNA sequences in brain and testis, together with differential RNA folding, might indicate that post translational modifications affect cb1 RNA stability and viability.

  cb1 genomic sequences and the corresponding cDNA sequences

Fig. 1

 1 FIGURE LEGENDSFig.1 Amino acidic alignments of the N-terminal amino acidic residues of known amphibian CB1 (Accession numbers in GenBank: Rana esculenta, AM113546; Taricha granulosa, AF181894; Xenopus laevis, AY098532). Dark box marks the less conserved region in Nterminal domain; dotted line indicates seven consecutive amino acidic residues lost in R.esculenta; -= single, fully conserved residues; : = conservation of strong groups; .= conservation of weak groups.

Fig. 2 A

 2 Fig.2 A) Cb1 and GnRH-I expression profile in frog forebrain during the annual sexual cycle; analysis conducted by RT-PCR. B-C) Normalization of the signals observed by RT-PCR Data are representative of three separate experiments at least and are expressed as fold increase of the minimal GnRH-I/fp1 (cb1/ fp1) ratio observed ± s.e.m. Different letters indicate statistically significant differences (p<0.05 at least).

Fig. 3

 3 Fig.3 CB1 fluctuations in frog telencephalon A) and diencephalon B) during the annual sexual cycle. Data are representative of three separate experiments at least and are expressed as fold increase over the minimal CB1/ERK1 ratio observed by Western blot. observed ± s.e.m. Different letters indicate statistically significant differences (p<0.05 at least). Lines represent GnRH-I content observed in brain (data from Di Matteo et al., 1996); dotted line = GnRH-I accumulation; black line = GnRH-I low level; grey dotted line= GnRH-I release.
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gene (CNR1) are associated with obesity phenotypes in men. J. Clin. Endocrinol. Metab.
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