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Introduction:

In mammals, while the basal concentrations of FSH and LH are sufficient for the proliferation of follicle cells, preovulatory maturation occurs under the influence of an increase in circulating LH levels. LH and FSH levels are highly dependent on GnRH secretion from hypothalamic neurons. The hypothalamic-pituitary-gonadal axis has been recently revisited by using knockouts animals, leading to hypothesis related to mammalian evolution [START_REF] Takahashi | Evolution of the Hypothalamic-Pituitary-Gonadal Axis Regulation in Vertebrates Revealed by Knockout Medaka[END_REF]. It is well known that kisspeptin stimulates GnRH neurons leading to GnRH release in both in vitro and in vivo studies [START_REF] Liu | Kisspeptin excites gonadotropin-releasing hormone neurons through a phospholipase C/calcium-dependent pathway regulating multiple ion channels[END_REF]. Two other neuropeptides (neurokinin B (NKB) and dynorphin (DYN)) interact with kisspeptin as key hypothalamic regulators of reproductive function, and are thought to be co-secreted with kisspeptin to regulate GnRH secretion [START_REF] Topaloglu | TAC3 and TACR3 mutations in familial hypogonadotropic hypogonadism reveal a key role for Neurokinin B in the central control of reproduction[END_REF][START_REF] Goodman | Kisspeptin neurons in the arcuate nucleus of the ewe express both dynorphin A and neurokinin B[END_REF][START_REF] Lehman | Minireview: kisspeptin/neurokinin B/dynorphin (KNDy) cells of the arcuate nucleus: a central node in the control of gonadotropin-releasing hormone secretion[END_REF].

The kisspeptin neural system play therefore a major role in the control of reproduction, and may be highly valuable for the development of novel strategies for the management of fertility in mammals [START_REF] Okamura | Kisspeptin as a master player in the central control of reproduction in mammals: an overview of kisspeptin research in domestic animals[END_REF]. Nevertheless kisspeptin seems not to be an universal ovulation-inducing agent since it failed to have an effect in the mare [START_REF] Decourt | Acute injection and chronic perfusion of kisspeptin elicit gonadotropins release but fail to trigger ovulation in the mare[END_REF][START_REF] Mcgrath | Kisspeptin stimulates LH secretion but not ovulation in mares during vernal transition[END_REF].

The increase in circulating LH level causes a series of morphological and functional changes in the follicle destined to ovulate that results in: 1/ the differentiation of follicle cells, granulosa and thecal, in preparation for follicular rupture, referred to as ovulation, 2/ the differentiation of follicle cells, granulosa and thecal, for the formation of a functional corpus luteum, referred to as luteinisation, 3/ the expansion of cumulus cells surrounding the oocyte and, lastly, 4/ oocyte maturation. All these events must be coordinated in order to result in the production of mature and fertilisable oocytes and of corpus luteum capable of supporting the beginning of pregnancy. The delay between LH peak and ovulation vary according to species (Table 1), being the longest in sows and mares.

The conditions under which preovulatory maturation occurs are unusual in the equine species compared to other mammals. The circulating LH level does not exhibit a short-term high-amplitude peak before ovulation but rather a gradual increase over several days reaching a maximum 1-3 days after ovulation [START_REF] Whitmore | Circulating concentrations of luteinizing hormone during estrous cycle of mares as determined by radioimmunoassay[END_REF][START_REF] Irvine | The dynamics of gonadotrophin-releasing hormone, LH and FSH secretion during the spontaneous ovulatory surge of the mare as revealed by intensive sampling of pituitary venous blood[END_REF]. In addition, the concomitant increase in FSH observed before ovulation in cows and in women does not take place in the mare [START_REF] Ginther | Systemic concentrations of hormones during the development of follicular waves in mares and women: a comparative study[END_REF].

Under breeding conditions, preovulatory maturation and ovulation can be induced by hormone injection. Human Chorionic Gonadotropin (hCG), has been used to induce ovulation in mare since 1960's. Chorulon® (lyophilised hCG) is largely used in horse breeding.

However, repeated administration of hCG results in immunological reaction and antibody formation in most mares [START_REF] Roser | The development of antibodies to human chorionic gonadotrophin following its repeated injection in the cyclic mare[END_REF][START_REF] Duchamp | Alternative solutions to hCG induction of ovulation in the mare[END_REF]. In order to avoid this deleterious effect, equine pituitary gland extracts can also be used [START_REF] Duchamp | Alternative solutions to hCG induction of ovulation in the mare[END_REF]. These extracts typically induce ovulation in 34 hours when administrated to mares in estrus with a follicle larger than 35 mm. Nevertheless, equine pituitary gland extracts are not commercially available, and were only experimentally used.

The efficiency of GnRH agonists in hastening ovulation over consecutive cycles has also been reported. Deslorelin acetate (Ovuplant®) is the most widely used in Australia, North America and in Europe. Repeated injections of buserelin (Receptal®), another GnRH agonist proved as effective as hCG [START_REF] Harrison | Use of gonadotropin-releasing hormone for hastening ovulation in transitional mares[END_REF][START_REF] Barrier-Battut | Use of buserelin to induce ovulation in the cyclic mare[END_REF]. Few years ago, the 14kDa "ovulation inducing factor" from the seminal plasma of camelids has been identified as nerve growth factor beta (NGF) [START_REF] Ratto | The nerve of ovulation-inducing factor in semen[END_REF][START_REF] Kershaw-Young | beta-Nerve growth factor is a major component of alpaca seminal plasma and induces ovulation in female alpacas[END_REF].

To date, it is able to induce ovulation in alpacas and llamas but no data are available concerning the capability of neurotrophins and/or neuronal growth factors to induce ovulation in the mare. Last year, the absence of NGF in equine ejaculates has been demonstrated [START_REF] Bogle | Source and localization of ovulation-inducing factor/nerve growth factor in male reproductive tissues among mammalian species[END_REF].

Nevertheless, the use of recombinant equine gonadotropins proved efficiency (see below).

-LH, receptor and signal transmission

LH is a glycoprotein made up of two subunits, Α and Β, bound together noncovalently. In each species, subunit Α is responsible for binding the hormone to its receptor, and is common to all glycoprotein hormones (LH, FSH, TSH and CG), whereas subunit Β confers biological specificity [START_REF] Combarnous | Molecular basis of the specificity of binding of glycoprotein hormones to their receptors[END_REF]. In horse, subunit A is made up of 96 amino acids and subunit B is made up of 149 amino acids. Glycosidic bonds are joined to the asparagine residues of subunit A and to serine residues of subunit B. The protein structure of eLH is identical to that of eCG, since these two hormones come from the same gene, expressed in the pituitary gland and placenta respectively. However, eLH and eCG differ at least in terms of their glycosidic bonds. In human, LH and CG show differences in their expression pattern, biopotency and regulation [START_REF] Choi | Luteinizing hormone and human chorionic gonadotropin: distinguishing unique physiologic roles[END_REF]. It is interesting to note also that eLH (and therefore eCG) exhibits dual heterologous LH/FSH activity [START_REF] Guillou | Purification of equine gonadotropins and comparative study of their acid-dissociation and receptor-binding specificity[END_REF][START_REF] Galet | The beta104-109 sequence is essential for the secretion of correctly folded single-chain beta alpha horse LH/CG and for its FSH activity[END_REF]. The cDNAs coding for the Α and Β subunits of eLH/CG have been cloned [START_REF] Stewart | Nucleotide (cDNA) sequence encoding the horse gonadotrophin alpha-subunit[END_REF][START_REF] Chopineau | Cloning and analysis of the cDNA encoding the horse and donkey luteinizing hormone beta-subunits[END_REF] and used for co-transfecting COS-7 cells [START_REF] Chopineau | Expression of horse and donkey LH in COS-7 cells: evidence for low FSH activity in donkey LH compared with horse LH[END_REF]. Since then, several works described the development and efficiency of genetically cloned recombinant equine gonadotropins to induce ovulation in the mare [START_REF] Altermatt | Effects of FSH and LH on ovarian and follicular blood flow, follicular growth and oocyte developmental competence in young and old mares[END_REF][START_REF] Meyers-Brown | Treatment with recombinant equine follicle stimulating hormone (reFSH) followed by recombinant equine luteinizing hormone (reLH) increases embryo recovery in superovulated mares[END_REF][START_REF] Meyers-Brown | Induction of ovulation in seasonally anestrous mares under ambient lights using recombinant equine FSH (reFSH)[END_REF][START_REF] Meyers-Brown | Deep anestrous mares under natural photoperiod treated with recombinant equine FSH (reFSH) and LH (reLH) have fertile ovulations and become pregnant[END_REF]. Three years ago, molecular characterization, modelling and in silico analysis of eLH/CG A has been realized [START_REF] Bhardwaj | Molecular characterization, modeling, in silico analysis of equine pituitary gonadotropin alpha subunit and docking interaction studies with ganirelix[END_REF]. This enable the use of recombinant eLH to induce ovulation in mare.

For preovulatory follicle maturation occurence, LH receptors (LHR) must be expressed at the follicular cell surface and the signal generated must be transmitted. As a general rule, LHR are present on thecal cells in growing follicles and are also present on granulosa cells in the preovulatory follicle. The expression of LHR by granulosa cells depends on FSH, or even on prolactin [START_REF] Hsueh | Hormonal regulation of the differentiation of cultured ovarian granulosa cells[END_REF][START_REF] Casper | In vitro heteroregulation of LH receptors by prolactin and FSH in rat granulosa cells[END_REF]. In mare, LHR are present in the granulosa cells once follicles have reached 5mm in diameter [START_REF] Goudet | Intrafollicular content of luteinizing hormone receptor, alpha-inhibin, and aromatase in relation to follicular growth, estrous cycle stage, and oocyte competence for in vitro maturation in the mare[END_REF]. Similarly, we have shown during this work that, at the end of the follicle phase, the number of LHR in the mural granulosa cells increases in relation to the follicle diameter. This study confirms that conducted by Fay & Douglas [START_REF] Fay | Changes in thecal and granulosa cell LH and FSH receptor content associated with follicular fluid and peripheral plasma gonadotrophin and steroid hormone concentrations in preovulatory follicles of mares[END_REF] in the mare, and is consistent with several studies carried out in other species.

LHR are members of the family of G protein-coupled receptors that interact with adenylate cyclase via the Gs subunit. They catalyse the formation of cAMP which activates protein kinase A (PKA). LH binding to its receptor also increases the intracellular levels of inositol phosphate [START_REF] Piquette | Regulation of luteinizing hormone receptor messenger ribonucleic acid levels by gonadotropins, growth factors, and gonadotropin-releasing hormone in cultured rat granulosa cells[END_REF] and activates the pathway of PKC [START_REF] Morris | Hormone induction of luteinization and prostaglandin endoperoxide synthase-2 involves multiple cellular signaling pathways[END_REF]. It also acts via tyrosine kinases [START_REF] Morris | Hormone induction of luteinization and prostaglandin endoperoxide synthase-2 involves multiple cellular signaling pathways[END_REF][START_REF] Kyriakis | Raf-1 activates MAP kinase-kinase[END_REF]. The activation pathway taken by PKA is nonetheless the best known. It has been shown that in the rat, the differentiation of granulosa cells at the preovulatory stage does not occurs together with an increase in the intracellular concentration of the catalytic subunit of PKA, but rather with a change in its cellular location [START_REF] Gonzalez-Robayna | Functional and subcellular changes in the A-kinase-signaling pathway: relation to aromatase and Sgk expression during the transition of granulosa cells to luteal cells[END_REF]. On the other hand, the expression of its regulatory RIIΒ subunit is induced in the preovulatory follicle cells, which would make it possible to specifically modulate the activity of PKA and therefore the effects of LH [START_REF] Richards | Ovarian cell differentiation: a cascade of multiple hormones, cellular signals, and regulated genes[END_REF][START_REF] Richards | Hormonal control of gene expression in the ovary[END_REF]. In mare, it has been demonstrated few year ago that LHR expression on the ovarian epithelium surface is linked with expression of metalloproteinases (MMP), implicated in tissue remodelling [START_REF] Bastos | Gene expression of matrix metalloproteinases and LH receptors in mare follicular development[END_REF]. The same year, a study reported the up-regulation and regulatory control of Regulator of G-protein Signaling protein-2 (RGS2) in equine preovulatory follicles [START_REF] Sayasith | Expression and regulation of regulator of G-protein signaling protein-2 (RGS2) in equine and bovine follicles prior to ovulation: molecular characterization of RGS2 transactivation in bovine granulosa cells[END_REF], a protein known to control signalling through G-protein coupled receptors.

The involvement of the two transcription factors of the family of CCAAT-enhancerbinding proteins CEBPA and CEBPB, in preovulatory follicle maturation was reported [START_REF] Fan | CCAAT/enhancer-binding proteins (C/EBP)alpha and -beta are essential for ovulation, luteinization, and the expression of key target genes[END_REF].

In rats, the intrafollicular levels of CEBPA mRNA and protein increase during follicle growth, suggesting that they are dependent on oestrogen and/or FSH expression. Their decrease after ovulation have been induced using hCG [START_REF] Piontkewitz | Expression and hormonal regulation of the CCAAT enhancer binding protein-alpha during differentiation of rat ovarian follicles[END_REF]. A few years later, the same authors clearly showed the key role played by CEBPA in the capacity of the dominant follicle to respond to preovulatory stimulation [START_REF] Piontkewitz | Expression of CCAAT enhancer binding proteinalpha (C/EBP alpha) in the rat ovary: implications for follicular development and ovulation[END_REF]. On the other hand, the expression of the CEBPB gene (also referred to as LAP) is induced in the granulosa cells of the dominant follicle following stimulation by LH or hCG. In other systems (3T3 cell line, adipocytes), CEBPA and CEBPB are believed to contribute to cell growth and cell differentiation and to intervene in regulating the expression of numerous metabolic enzymes; their expression is regulated mainly by the cytokines IL-6 and TNF [START_REF] Poli | IL-6DBP, a nuclear protein involved in interleukin-6 signal transduction, defines a new family of leucine zipper proteins related to C/EBP[END_REF][START_REF] Williams | CCAAT/enhancer binding protein expression is rapidly extinguished in TA1 adipocyte cells treated with tumor necrosis factor[END_REF]. By analogy, it is convenient to imagine that these factors are involved in regulating certain ovarian functions. CREB, a transcription factor of the bZIP family, is regulated by gonadotropic hormones. In the ovary, CREB regulates the transcription of the Cyp19 gene, coding for P450 aromatase, via the modulation of cAMP levels [START_REF] Richards | Hormonal control of gene expression in the ovary[END_REF][START_REF] Richards | Molecular mechanisms of ovulation and luteinization[END_REF][START_REF] Andrieu | cAMP-dependent regulation of CYP19 gene in rabbit preovulatory granulosa cells and corpus luteum[END_REF] and also regulates the gene coding for the Α sub-unit of inhibin InhA [START_REF] Pei | Regulation of the alpha inhibin gene by cyclic adenosine 3',5'-monophosphate after transfection into rat granulosa cells[END_REF]. CREB also regulates Hspa1a gene (Computational analysis) [START_REF] Sasi | Coordinated transcriptional regulation of Hspa1a gene by multiple transcription factors: crucial roles for HSF-1, NF-Y, NF-kappaB, and CREB[END_REF]. It has been shown that the CREB transcript and CREB protein levels do not vary during the rat oestrous cycle, but that activity concerning the regulation of the transcription of this factor, which depends on its phosphorylation state, increases under the influence of gonadotropic hormones [START_REF] Mukherjee | Gonadotropins induce rapid phosphorylation of the 3',5'-cyclic adenosine monophosphate response element binding protein in ovarian granulosa cells[END_REF]. In the mouse, CREB activity (i.e. phorphorylation) is required for LH-induced expression of EGFlike factors in granulosa cells [START_REF] Wang | CREB activity is required for luteinizing hormone-induced the expression of EGF-like factors[END_REF]. The miRNA miR-132, known to be regulated by CREB, has been shown to decrease in equine preovulatory follicle [START_REF] Schauer | Involvement of miRNAs in equine follicle development[END_REF].

Other transcription factors such as SF1, SP1, PBX1, NGFIB, MYC [START_REF] Parker | Steroidogenic factor 1: a key determinant of endocrine development and function[END_REF], as well as histone acetylation-or methylation-related genes [START_REF] Maekawa | Changes in gene expression of histone modification enzymes in rat granulosa cells undergoing luteinization during ovulation[END_REF] are also involved in the hormonal regulation of the expression of certain genes in the ovary. To our knowledge, the transcription factors involved during preovulatory differentiation have not been studied yet in domestic mammals such as the bovine, ovine, caprine and equine species.

All these studies clearly show the complexity of the mechanisms involved in regulating preovulatory follicle maturation.

-Cellular aspects of the follicle maturation

Ovulation, luteinisation and maturation of the oocyte-cumulus complex depend on the presence of numerous factors within the preovulatory follicle. Most of these factors are produced by the follicle cells in response to LH stimulation, which induces cell differentiation towards the luteal phenotype and the resumption of oocyte meiosis. In the rat, it has been shown that follicle cells are entirely reprogrammed approximately 7 h after LH injection [START_REF] Richards | Maturation of ovarian follicles: actions and interactions of pituitary and ovarian hormones on follicular cell differentiation[END_REF][START_REF] Richards | Differentiation of rat ovarian thecal cells: evidence for functional luteinization[END_REF]. Major steps are summarized in Figure 1.

Increase in vascular permeability: Shortly after the endogenous gonadotropin surge or injection of LH/hCG, observations of the follicle destined to ovulate indicate that considerable changes occur in the capillaries of the internal theca which becomes oedematous.

The blood flow increases, associated with hyperaemia of the preovulatory follicle [START_REF] Lee | Effects of luteinizing hormone and indomethacin on blood flow and steroidogenesis in the rabbit ovary[END_REF][START_REF] Janson | Effects of the luteinizing hormone on blood flow in the follicular rabbit ovary, as measured by radioactive microspheres[END_REF][START_REF] Murdoch | Dynamics of ovarian blood supply to periovulatory follicles of the ewe[END_REF].

Gonadotropins modulate capillary permeability of the ovarian blood-follicle barrier, mainly through increased numbers of large pores, similar to a classical inflammatory response [START_REF] Mitsube | Modulation of microvascular permeability in the preovulatory rat ovary by an ovulatory gonadotropin stimulus[END_REF].

The local production of bradykinin and histamine is associated with these modifications in the vascularisation of the preovulatory follicle [START_REF] Espey | Ovarian increase in kinin-generating capacity in PMSG/hCG-primed immature rat[END_REF][START_REF] Lipner | Mechanism of mammalian ovulation[END_REF]. Moreover, it has been shown that the intrafollicular concentration of certain vasoactive molecules such as platelet-activating factor (PAF) increases after the LH peak [START_REF] Amiel | Platelet-activating factor-acether is a component of human follicular fluid[END_REF][START_REF] Alexander | Secretion of platelet-activating factor by periovulatory ovine follicles[END_REF]. On the other hand, work by Pellicer [START_REF] Pellicer | Blockage of ovulation by an angiotensin antagonist[END_REF], and then by Daud et al [START_REF] Daud | Angiotensin II: does it have a direct obligate role in ovulation[END_REF] and Naftolin et al. [START_REF] Naftolin | Angiotensin II: does it have a direct obligate role in ovulation?[END_REF][START_REF] Naftolin | Response: Angiotensin II: Does It Have a Direct Obligate Role in Ovulation?[END_REF], have shown that molecules of the Renin-Angiotensin System, known to affect blood pressure and vasoconstriction, are involved in ovulation and luteinisation. The precise mechanism of action of these various molecules remains to be determined but has been discussed in cattle [START_REF] Ferreira | The role of angiotensin II in the early stages of bovine ovulation[END_REF][START_REF] Goncalves | Role of angiotensin in ovarian follicular development and ovulation in mammals: a review of recent advances[END_REF].

Their ovarian expression in mares is unknown, with the exception of histamine, the concentration of which remains stable after ovulation has been induced [START_REF] Watson | Concentrations of arachidonate metabolites, steroids and histamine in preovulatory horse follicles after administration of human chorionic gonadotrophin and the effect of intrafollicular injection of indomethacin[END_REF].

Cell proliferation arrest: At preovulatory maturation, the size of the follicle destined to ovulate increases only little or not at all due to the arrest of cell multiplication. In the rat, hCG via the cAMP/PKA pathway, is known to rapidly induces (about 4 h) the arrest of the transcription of cyclin D2 (CCND2) which, when associated with CDK4 or CDK6, enables the granulosa cells to progress to phase 1 [START_REF] Robker | Hormone-induced proliferation and differentiation of granulosa cells: a coordinated balance of the cell cycle regulators cyclin D2 and p27Kip1[END_REF][START_REF] Robker | Hormonal control of the cell cycle in ovarian cells: proliferation versus differentiation[END_REF]. The inhibition of cyclin E (CCNE) -which when associated with CDK2 enables the cells to advance onto phase S-occurs less rapidly, and is visible 24 h after the injection of hCG [START_REF] Robker | Hormone-induced proliferation and differentiation of granulosa cells: a coordinated balance of the cell cycle regulators cyclin D2 and p27Kip1[END_REF]. At the same time, the induction of the transcription of P27KIP1, a protein that inhibits the activity of CDK2, 4, 6 and CDC2, is initiated. This blocks the phosphorylation cascades at various points, and confirms the hypothesis that granulosa cells withdraw from the proliferation process. However, numerous studies also suggest that P27KIP1 is involved in luteinisation and the formation of the functional corpus luteum [START_REF] Nakayama | Mice lacking p27(Kip1) display increased body size, multiple organ hyperplasia, retinal dysplasia, and pituitary tumors[END_REF][START_REF] Kiyokawa | Enhanced growth of mice lacking the cyclin-dependent kinase inhibitor function of p27(Kip1)[END_REF][START_REF] Fero | A syndrome of multiorgan hyperplasia with features of gigantism, tumorigenesis, and female sterility in p27(Kip1)-deficient mice[END_REF]. More recent data [START_REF] Cannon | Proliferation of rat granulosa cells during the periovulatory interval[END_REF] suggest that cumulus granulosa cells continue to proliferate for up to 10 h after an ovulatory stimulus, possibly via CCNE/CDK2.

A very recent study performed also in rodent demonstrated that at least two factors known to regulate differentiation and cell division (ERRFI1 and IFRD1) may be essential for follicular cell differentiation and cumulus expansion [START_REF] Li | Expression and regulation of the differentiation regulators ERBB Receptor Feedback Inhibitor 1 (ERRFI1) and Interferonrelated Developmental Regulator 1 (IFRD1) during the periovulatory period in the rat ovary[END_REF].

Neuropeptide expression:

Kisspeptin: Kisspeptin is a family of neuropeptides well known to be released from the neurons of hypothalamus and to stimulate GnRH release via the GPR54 receptor [START_REF] Messager | Kisspeptin directly stimulates gonadotropin-releasing hormone release via G protein-coupled receptor 54[END_REF].

Moreover, GPR54 is present on granulosa and cumulus cells [START_REF] Garcia-Ortega | Expression of neurokinin B/NK3 receptor and kisspeptin/KISS1 receptor in human granulosa cells[END_REF][START_REF] Gaytan | KiSS-1 in the mammalian ovary: distribution of kisspeptin in human and marmoset and alterations in KiSS-1 mRNA levels in a rat model of ovulatory dysfunction[END_REF][START_REF] Roman | Analysis of the expression of neurokinin B, kisspeptin, and their cognate receptors NK3R and KISS1R in the human female genital tract[END_REF]. Immunohistochemical studies have shown that kisspeptin is distributed in theca, granulosa, luteal, and interstitial cells of human, marmoset, hamster, and rat ovaries [START_REF] Gaytan | KiSS-1 in the mammalian ovary: distribution of kisspeptin in human and marmoset and alterations in KiSS-1 mRNA levels in a rat model of ovulatory dysfunction[END_REF][START_REF] Shahed | Differential ovarian expression of KiSS-1 and GPR-54 during the estrous cycle and photoperiod induced recrudescence in Siberian hamsters (Phodopus sungorus)[END_REF][START_REF] Castellano | Expression of KiSS-1 in rat ovary: putative local regulator of ovulation?[END_REF]. It has been shown in rodents that kisspeptin mRNA synthesis, that increases in the ovary during proestrous, is stimulated by hCG [START_REF] Castellano | Expression of KiSS-1 in rat ovary: putative local regulator of ovulation?[END_REF], and that estrogens regulate kisspeptin expression in granulosa cells [START_REF] Chakravarthi | ESR2 Is Essential for Gonadotropin-Induced Kiss1 Expression in Granulosa Cells[END_REF]. More recent data confirm and extend this study and demonstrated the relevance of kisspeptin to the differentiation of granulosa cells into luteal cells [START_REF] Laoharatchatathanin | Augmentation of Metastin/Kisspeptin mRNA Expression by the Proestrous Luteinizing Hormone Surge in Granulosa Cells of Rats: Implications for Luteinization[END_REF], suggesting an important role in ovulation.

NGF, ADCYAP and VIP

A recent review describes the importance of neurotrophins and neuronal growth factors in the ovary [START_REF] Streiter | The importance of neuronal growth factors in the ovary[END_REF]. The neurotrophin family consists of NGF, the neurotrophins 3 and 4 (NTF3 and NTF4), and brain-derived neurotrophic factor (BDNF), and the neuronal growth factors are glial derived neuroptrophic factor (GDNF) and vasointestinal peptide (VIP). The two neuropeptides, VIP and ADCYAP (previously named PACAP for Pituitary Adenylate Cyclase Activating Polypeptide), have been identified in the rat ovary [START_REF] Arimura | Tissue distribution of PACAP as determined by RIA: highly abundant in the rat brain and testes[END_REF], in granulosa and cumulus cells of mouse [START_REF] Barberi | Expression and functional activity of PACAP and its receptors on cumulus cells: effects on oocyte maturation[END_REF] and in women [START_REF] Steenstrup | Pituitary adenylate cyclase-activating polypeptide: occurrence and relaxant effect in female genital tract[END_REF]. The work of Julio-Pieper et al. [START_REF] Julio-Pieper | Effects of nerve growth factor (NGF) on blood vessels area and expression of the angiogenic factors VEGF and TGFbeta1 in the rat ovary[END_REF] suggests a role of neurotrophins in the maintenance of follicular and luteal vasculature. The addition of VIP to secondary mouse follicles cultured in vitro induced follicular growth and oestradiol production [START_REF] Cecconi | Effect of pituitary adenylate cyclase-activating polypeptide and vasoactive intestinal polypeptide on mouse preantral follicle development in vitro[END_REF]. NGF that was identified in antral follicles of rats, goats, sheep and humans [START_REF] Dissen | Expression of neurotrophins and their receptors in the mammalian ovary is developmentally regulated: changes at the time of folliculogenesis[END_REF][START_REF] Ren | Immunolocalization of nerve growth factor (NGF) and its receptors (TrkA and p75LNGFR) in the reproductive organs of Shiba goats[END_REF][START_REF] Mattioli | Nerve growth factor production in sheep antral follicles[END_REF][START_REF] Seifer | Immunocytochemical evidence for the presence and location of the neurotrophin-Trk receptor family in adult human preovulatory ovarian follicles[END_REF], promotes ovarian secretion of steroid hormones and prostaglandins [START_REF] Romero | Nerve growth factor induces the expression of functional FSH receptors in newly formed follicles of the rat ovary[END_REF][START_REF] Dissen | Direct effects of nerve growth factor on thecal cells from antral ovarian follicles[END_REF][START_REF] Salas | Nerve growth factor-dependent activation of trkA receptors in the human ovary results in synthesis of follicle-stimulating hormone receptors and estrogen secretion[END_REF]. The work by Salas et al. [START_REF] Salas | Nerve growth factor-dependent activation of trkA receptors in the human ovary results in synthesis of follicle-stimulating hormone receptors and estrogen secretion[END_REF] shows that NGF also induces an increase in FSH receptor expression and exhibits an increase in FSH sensitivity in human granulosa cells [START_REF] Salas | Nerve growth factor-dependent activation of trkA receptors in the human ovary results in synthesis of follicle-stimulating hormone receptors and estrogen secretion[END_REF]. The high affinity NGF receptor NTRK1 (formely named Trka), has been identified in granulosa cells and oocytes of mouse and rat [START_REF] Dissen | Expression of neurotrophins and their receptors in the mammalian ovary is developmentally regulated: changes at the time of folliculogenesis[END_REF][START_REF] Dissen | Nerve growth factor is required for early follicular development in the mammalian ovary[END_REF]. Moreover, NTRK1 has been implicated in ovulation [START_REF] Dissen | A role for trkA nerve growth factor receptors in mammalian ovulation[END_REF]. ADCYAP and VIP have two major groups of receptors sites. ADCYAP and its type 1 receptor ADCYP1R1 are expressed by granulosa cells after the LH stimulation of the preovulatory follicle [START_REF] Scaldaferri | Expression of PACAP and its type-I receptor isoforms in the rat ovary[END_REF], under the regulation of other genes [START_REF] Lee | Gonadotropin stimulation of pituitary adenylate cyclase-activating polypeptide (PACAP) messenger ribonucleic acid in the rat ovary and the role of PACAP as a follicle survival factor[END_REF]. It requires in particular the prior synthesis of the progesterone receptor [START_REF] Ko | Role of progesterone receptor activation in pituitary adenylate cyclase activating polypeptide gene expression in rat ovary[END_REF]. ADCYAP and VIP are activators of cAMP production and thus stimulate the preovulatory production of progesterone [START_REF] Gras | Pituitary adenylate cyclase-activating peptide stimulates acute progesterone production in rat granulosa/Lutein cells via two receptor subtypes[END_REF][START_REF] Gras | Pituitary adenylate cyclase-activating polypeptide is an auto/paracrine stimulator of acute progesterone accumulation and subsequent luteinization in cultured periovulatory granulosa/lutein cells[END_REF]. Moreover, ADCYAP has a role in oocyte maturation [START_REF] Apa | Effect of pituitary adenylate cyclase-activating peptide on meiotic maturation in follicle-enclosed, cumulus-enclosed, and denuded rat oocytes[END_REF], and displays an apoptosis-inhibiting role [START_REF] Lee | Gonadotropin stimulation of pituitary adenylate cyclase-activating polypeptide (PACAP) messenger ribonucleic acid in the rat ovary and the role of PACAP as a follicle survival factor[END_REF] . The localisation and functional activity of ADCYAP, VIP and their receptors has been described in mouse ovary [START_REF] Barberi | Expression localisation and functional activity of pituitary adenylate cyclase-activating polypeptide, vasoactive intestinal polypeptide and their receptors in mouse ovary[END_REF].

Neuropeptide Y

Few studies have been carried out on the presence and role of neuropeptide Y (NPY) in the ovary. The studies conducted in vitro by Barreca et al. [START_REF] Barreca | Effects of the neuropeptide Y on estradiol and progesterone secretion by human granulosa cells in culture[END_REF], show that NPY is involved in regulating the production of oestradiol at the beginning of luteinisation.

Otherwise, oestradiol modifies the number of NPY immunoreactive neurones and regulates NPY release in the hippocampal dentate gyrus in the female rat [START_REF] Veliskova | Oestradiol Regulates Neuropeptide Y Release and Gene Coupling with the GABAergic and Glutamatergic Synapses in the Adult Female Rat Dentate Gyrus[END_REF]. Moreover, it has been suggested that NPY directly inhibits ovarian cell proliferation and promotes apoptosis via transcription factor p53 [START_REF] Sirotkin | Neuropeptide Y directly affects ovarian cell proliferation and apoptosis[END_REF].

Nevertheless, the expression of neurotransmitters in the preovulatory follicle in the equine species remains unknown.

Modification of steroidogenesis:

Ovarian steroidogenesis is entirely modified after LH surge since, in many domestic mammals, the production of androgens and oestrogens decreases, whereas the production of progesterone increases [START_REF] Gore-Langton | Follicular steroidogenesis and its control[END_REF]. This change in steroidogenesis occurs together with modulations in the expression and activity of the enzymes involved. In mare, steroid evolution during final dominant follicle maturation is similar, with a decrease in oestradiol level and an increase in progesterone level in the follicular fluid [START_REF] Goudet | Intrafollicular content of luteinizing hormone receptor, alpha-inhibin, and aromatase in relation to follicular growth, estrous cycle stage, and oocyte competence for in vitro maturation in the mare[END_REF][START_REF] Watson | Changes in the concentrations of steroids and prostaglandin F in preovulatory follicles of the mare after administration of hCG[END_REF][START_REF] Gerard | Intrafollicular insulin-like growth factor-binding protein levels in equine ovarian follicles during preovulatory maturation and regression[END_REF][START_REF] Belin | Intrafollicular concentrations of steroids and steroidogenic enzymes in relation to follicular development in the mare[END_REF][START_REF] Okolski | Successive puncture of the dominant follicle followed by ovulation and fertilization : a new experimental model for the study of follicular maturation in the mare[END_REF], whereas a transient increase in oestradiol disrupts periovulatory LH surge in mare [START_REF] Ginther | Disruption of the periovulatory LH surge by a transient increase in circulating 17beta-estradiol at the time of ovulation in mares[END_REF]. The decrease in oestradiol level is related to the decrease in the intracellular amount of aromatase [START_REF] Goudet | Intrafollicular content of luteinizing hormone receptor, alpha-inhibin, and aromatase in relation to follicular growth, estrous cycle stage, and oocyte competence for in vitro maturation in the mare[END_REF][START_REF] Belin | Intrafollicular concentrations of steroids and steroidogenic enzymes in relation to follicular development in the mare[END_REF]. In the rat adrenomedullin2 has been proposed, to regulate estradiol synthesis and to support ovulation [START_REF] Chauhan | Adrenomedullin2 (ADM2)/intermedin (IMD) in rat ovary: changes in estrous cycle and pregnancy and its role in ovulation and steroidogenesis[END_REF]. Moreover, it has been shown that the granulosa cell concentration of mRNA for the StAR protein (Steroidogenic Acute Regulatory protein), involved in transporting cholesterol from the external membrane to the internal membrane of mitochondria, increases after the LH surge in mares [START_REF] Boerboom | Molecular characterization of equine prostaglandin G/H synthase-2 and regulation of its messenger ribonucleic acid in preovulatory follicles[END_REF]. Our study on the expression of the protein itself in the lysates of equine granulosa cells did not confirm this observation [START_REF] Belin | Intrafollicular concentrations of steroids and steroidogenic enzymes in relation to follicular development in the mare[END_REF]. Slough and collaborators [START_REF] Slough | Temporal gene expression in equine corpora lutea based on serial biopsies in vivo[END_REF] showed that StAR mRNA decreases after day 12 in the mare. This decline is time-related to a decrease in circulating progesterone level.

These results correspond to data from other species, indicating that StAR plays a rate-limiting role in steroidogenesis [START_REF] Stocco | Role of the steroidogenic acute regulatory protein (StAR) in steroidogenesis[END_REF], but are not in agreement with the results obtained in the mare [START_REF] Boerboom | Molecular characterization of equine prostaglandin G/H synthase-2 and regulation of its messenger ribonucleic acid in preovulatory follicles[END_REF].

Progesterone is well known for its endocrine action. It also exhibits local action since receptors are present in the follicle. It has been shown in the rat that the expression of progesterone receptors (PGR) by granulosa cells of the preovulatory follicle after LH stimulation occurs rapidly but transiently [START_REF] Park | Transient expression of progesterone receptor messenger RNA in ovarian granulosa cells after the preovulatory luteinizing hormone surge[END_REF][START_REF] Natraj | Hormonal regulation, localization, and functional activity of the progesterone receptor in granulosa cells of rat preovulatory follicles[END_REF][START_REF] Iwai | Luteinizing hormone induces progesterone receptor gene expression in cultured porcine granulosa cells[END_REF]; it is amplified by progesterone. Mutant mice deficient for PGR do not ovulate even after the injection of an ovulating dose of hCG [START_REF] Lydon | Mice lacking progesterone receptor exhibit pleiotropic reproductive abnormalities[END_REF]. PGR are transcription factors and so they intervene in inducing the expression of several genes involved in preovulatory maturation. PGR activity requires interactions with many transcriptional coregulators, which can be coactivators or corepressors, as SRC, FRG2, NCOA3 and MSANTD1 (formely named SRC1, SRC2, SRC3 and NCO1, respectively) which interact with the ligand binding domain of PGR. The absence of NCOA3 in mice decreases the ovulation rate [START_REF] Xu | The steroid receptor coactivator SRC-3 (p/CIP/RAC3/AIB1/ACTR/TRAM-1) is required for normal growth, puberty, female reproductive function, and mammary gland development[END_REF]. Nowadays, steroid receptors modulators could be considered as therapeutic targets in case of ovulation deficiency [START_REF] Szwarc | Steroid receptor coactivators as therapeutic targets in the female reproductive system[END_REF].

It appears that progesterone, in many species, is crucial to ovulation and luteinisation [START_REF] Richards | Hormonal control of gene expression in the ovary[END_REF][START_REF] Espey | Current status of the hypothesis that mammalian ovulation is comparable to an inflammatory reaction[END_REF]. In fact, it was shown several years ago that LH-induced ovulation can be blocked by HSD3B-inhibitors (rat: [START_REF] Brannstrom | Progesterone is a mediator in the ovulatory process of the in vitro-perfused rat ovary[END_REF]; primate: [START_REF] Hibbert | Midcycle administration of a progesterone synthesis inhibitor prevents ovulation in primates[END_REF]), by anti-progesterone antibodies (rat: [START_REF] Mori | Inhibition of ovulation in immature rats by anti-progesterone antiserum[END_REF]) and by RU486 (mouse: [START_REF] Loutradis | Preovulatory effects of the progesterone antagonist mifepristone (RU486) in mice[END_REF][START_REF] Kanayama | Effects of anti-progesterone compound RU486 on ovulation in immature mice treated with PMSG/hCG[END_REF]).

Local inflammation:

The ovarian synthesis of prostaglandins (PGF2, PGE2, PGI2) is increased after LH stimulation, particularly in the preovulatory follicle [START_REF] Lemaire | Preovulatory changes in the concentration of prostaglandins in rabbit Graafian follicles[END_REF][START_REF] Bauminger | Periovulatory changes in ovarian prostaglandin formation and their hormonal control in the rat[END_REF][START_REF] Armstrong | Pre-ovulatory elevation of rat ovarian prostaglandins F, and its blockade by indomethacin[END_REF][START_REF] Ainsworth | Prostaglandin production by dispersed granulosa and theca interna cells from porcine preovulatory follicles[END_REF][START_REF] Ainsworth | Pre-ovulatory changes in follicular fluid prostaglandin F levels in swine[END_REF]. At the basal level, they are synthetized via the transformation of arachidonic acid by PTGS1 that displays cyclooxygenase and peroxidase functions and is expressed in the theca. Following LH stimulation, the PTGS2 isoform is induced in granulosa cells and therefore increases prostaglandin production in the ovary (rat: [START_REF] Hedin | Prostaglandin endoperoxide synthase in rat ovarian follicles: content, cellular distribution, and evidence for hormonal induction preceding ovulation[END_REF][START_REF] Wong | Evidence for two antigenically distinct molecular weight variants of prostaglandin H synthase in the rat ovary[END_REF][START_REF] Sirois | Hormonal regulation of messenger ribonucleic acid encoding a novel isoform of prostaglandin endoperoxide H synthase in rat preovulatory follicles. Induction in vivo and in vitro[END_REF]; cow: [START_REF] Sirois | Induction of prostaglandin endoperoxide synthase-2 by human chorionic gonadotropin in bovine preovulatory follicles in vivo[END_REF][START_REF] Liu | Prostaglandin G/H synthase-2 is expressed in bovine preovulatory follicles after the endogenous surge of luteinizing hormone[END_REF]). The transcription of the PTGS2 gene is induced by the activation of the PKA, PKC and tyrosine kinase pathways [START_REF] Morris | Hormone induction of luteinization and prostaglandin endoperoxide synthase-2 involves multiple cellular signaling pathways[END_REF] and involves the transcription factor CEBPΒ [START_REF] Sirois | Transcriptional regulation of the rat prostaglandin endoperoxide synthase 2 gene in granulosa cells. Evidence for the role of a cis-acting C/EBP beta promoter element[END_REF]. Moreover, transcription factors from the RUNX family would be involved in the LH-induced PTGS2 gene expression [START_REF] Liu | Runt-related transcription factor 1 regulates luteinized hormoneinduced prostaglandin-endoperoxide synthase 2 expression in rat periovulatory granulosa cells[END_REF]. The involvement of prostaglandins in follicular rupture has been shown by the use of anti PGF2alpha antibodies [START_REF] Armstrong | Inhibition of ovulation in rabbits by intrafollicular injection of indomethacin and prostaglandin F antiserum[END_REF] or indomethacin, a nonsteroidal anti-inflammatory and PTGSinhibitor [START_REF] Wallach | Effectiveness of prostaglandin f 2 alpha in restoration of HMG-HCG induced ovulation in indomethacintreated rhesus monkeys[END_REF][START_REF] Tsafriri | Physiological role of prostaglandins in the induction of ovulation[END_REF][START_REF] Orczyk | Ovulation blockade by aspirin or indomethacin--in vivo evidence for a role of prostaglandin in gonadotrophin secretion[END_REF][START_REF] Armstrong | Blockade of spontaneous and LH-induced ovulation in rats by indomethacin, an inhibitor of prostaglandin biosynthesis[END_REF]. The specific PTGS2 inhibitor NS398 also decreases prostaglandin production and ovulation rate in rats, in a dose-dependent manner [START_REF] Mikuni | The selective prostaglandin endoperoxide synthase-2 inhibitor, NS-398, reduces prostaglandin production and ovulation in vivo and in vitro in the rat[END_REF]. PTGS2 deficient mice are infertile, due to the absence of ovulation [START_REF] Dinchuk | Renal abnormalities and an altered inflammatory response in mice lacking cyclooxygenase II[END_REF]. However, the luteinisation phenomenon (functional corpus luteum) and oocyte nuclear maturation are not disrupted by the inhibition of PTGS [START_REF] Zor | Mechanism of prostaglandin action in endocrine glands[END_REF]. As recently reviewed, PTGS2 inhibitor may be suitable for use as an emergency (but not monthly) contraceptive [START_REF] Duffy | Novel contraceptive targets to inhibit ovulation: the prostaglandin E2 pathway[END_REF]. In mare, intrafollicular PGF concentration has been measured firstly by Watson & Sertich [START_REF] Watson | Changes in the concentrations of steroids and prostaglandin F in preovulatory follicles of the mare after administration of hCG[END_REF], who observed no variation after injection of an ovulating dose of hCG. Then, Watson & Sertich [START_REF] Watson | Concentrations of arachidonate metabolites, steroids and histamine in preovulatory horse follicles after administration of human chorionic gonadotrophin and the effect of intrafollicular injection of indomethacin[END_REF] and Sirois & Dore [START_REF] Sirois | The late induction of prostaglandin G/H synthase-2 in equine preovulatory follicles supports its role as a determinant of the ovulatory process[END_REF] observed a late increase (>30h) in PGE2 and PGF in the preovulatory follicular fluid in mare after injection of an ovulating dose of hCG. This increase is due to the induced expression of PTGS2 by equine granulosa cells of the preovulatory follicle [START_REF] Boerboom | Molecular characterization of equine prostaglandin G/H synthase-2 and regulation of its messenger ribonucleic acid in preovulatory follicles[END_REF][START_REF] Sirois | The late induction of prostaglandin G/H synthase-2 in equine preovulatory follicles supports its role as a determinant of the ovulatory process[END_REF]. The intrafollicular injection of indomethacin does not inhibit ovulation in mare, but increases the induction-ovulation interval [START_REF] Watson | Concentrations of arachidonate metabolites, steroids and histamine in preovulatory horse follicles after administration of human chorionic gonadotrophin and the effect of intrafollicular injection of indomethacin[END_REF]. Again in the mare, the intrafollicular injection of PGE2 and PGF restores ovulation of luteinized unruptured follicles [START_REF] Martinez-Bovi | Intrafollicular treatment with prostaglandins PGE2 and PGF2alpha inhibits the formation of luteinised unruptured follicles and restores normal ovulation in mares treated with flunixin-meglumine[END_REF] and induction of luteolysis with PGF2alpha alters the level of follicular fluid factors (IGF1 and PGE2) [START_REF] Schauer | Effect of luteinizing hormone overstimulation on equine follicle maturation[END_REF].

Leukotrienes, other derivatives of arachidonic acid, also appear to be involved in final follicle maturation [START_REF] Reich | Effects of pentoxifylline on severe intermittent claudication[END_REF][START_REF] Reich | Ovarian lipoxygenase activity and its regulation by gonadotropin in the rat[END_REF][START_REF] Reich | Possible involvement of lipoxygenase products of arachidonic acid pathway in ovulation[END_REF][START_REF] Mikuni | The lipoxygenase inhibitor, nordihydroguaiaretic acid, inhibits ovulation and reduces leukotriene and prostaglandin levels in the rat ovary[END_REF]. In mares the intrafollicular levels of leukotrienes B4 and C4 have been measured and, as opposed to observations in rats [START_REF] Tanaka | Increase in ovarian 15-hydroxyeicosatetraenoic acid during ovulation in the gonadotropin-primed immature rat[END_REF][START_REF] Espey | Increase in ovarian leukotrienes during hormonally induced ovulation in the rat[END_REF], they do not increase after induction of ovulation [START_REF] Watson | Concentrations of arachidonate metabolites, steroids and histamine in preovulatory horse follicles after administration of human chorionic gonadotrophin and the effect of intrafollicular injection of indomethacin[END_REF]. This same result was observed in goats [START_REF] Carvalho | Significance of follicular cyclooxygenase and lipoxygenase pathways of metabolism of arachidonate in sheep[END_REF]. The current hypothesis is that eicosanoids (prostaglandins and leukotrienes) stimulate the synthesis and activity of collagenases involved in matrix degradation at follicular rupture (rat: [START_REF] Reich | Preovulatory changes in ovarian expression of collagenases and tissue metalloproteinase inhibitor messenger ribonucleic acid: role of eicosanoids[END_REF]). This has not been confirmed for all the species studied so far.

On the other hand, the presence of several inflammatory cytokines has been shown in the ovary during the preovulatory period and seems involved in ovulation. In fact, ovulation in the broad sense of the term is often compared to an inflammatory-type reaction [START_REF] Espey | Current status of the hypothesis that mammalian ovulation is comparable to an inflammatory reaction[END_REF][START_REF] Espey | Ovulation as an inflammatory reaction--a hypothesis[END_REF][START_REF] Adashi | The potential role of interleukin-1 in the ovulatory process: an evolving hypothesis[END_REF]. Inflammation that is induced by gonadotropin stimulation has a physiologic role, creating a weakening in the follicle wall and eventual rupture [START_REF] Espey | Current status of the hypothesis that mammalian ovulation is comparable to an inflammatory reaction[END_REF][START_REF] Espey | Ovulation as an inflammatory reaction--a hypothesis[END_REF]. Several studies show that these cytokines potentiate the LH effect [START_REF] Machelon | Production of ovarian cytokines and their role in ovulation in the mammalian ovary[END_REF]. The mechanism of action of cytokines during preovulatory maturation is probably similar to that observed during inflammation; in particular, TNF and IL-1 activate proteolytic enzyme activity and the production of prostaglandins and nitric oxide [START_REF] Terranova | Review: cytokine involvement in ovarian processes[END_REF]. Moreover, they modulate steroidogenesis [START_REF] Terranova | Review: cytokine involvement in ovarian processes[END_REF] and stimulate the maturation of the oocyte-cumulus complex (rabbit : [START_REF] Takehara | Effect of interleukin-1 beta on ovulation in the in vitro perfused rabbit ovary[END_REF]). A recent study showed that specific inflammatory mediators are altered in PRKO mice ovaries, leading to the hypothesis that progesterone regulates features of inflammation at ovulation [START_REF] Akison | Regulation of the ovarian inflammatory response at ovulation by nuclear progesterone receptor[END_REF].

The interleukin-1 system, composed of IL-1A, IL-1B, the natural antagonist IL1RA and IL1 receptors, is the best known. IL1B, IL1RN and the type 1 receptor IL1R1 are expressed in the human ovary [START_REF] Machelon | Production of ovarian cytokines and their role in ovulation in the mammalian ovary[END_REF]. IL1A and IL1B come from two different genes, but act on the same receptors. They must undergo proteolytic cleavage to become biologically active.

The antagonist IL1RA has a local role as a regulator of IL1 activity. Biologically active IL1 has been measured in the follicular fluid of women [START_REF] Khan | Human testis cytosol and ovarian follicular fluid contain high amounts of interleukin-1-like factor(s)[END_REF][START_REF] Wang | Concentrations of immunoreactive interleukin-1 and interleukin-2 in human preovulatory follicular fluid[END_REF] and sows [START_REF] Takakura | Interleukin-2 receptor/p55(Tac)-inducing activity in porcine follicular fluids[END_REF]. In the rat, IL1B is expressed by thecal cells, mainly after the injection of a dose of hCG [START_REF] Hurwitz | Endocrineand autocrine-mediated regulation of rat ovarian (theca-interstitial) interleukin-1 beta gene expression: gonadotropin-dependent preovulatory acquisition[END_REF], as well as by the oocyte [START_REF] Simon | Interleukin-1 receptor antagonist suppresses human chorionic gonadotropin-induced ovulation in the rat[END_REF], whereas in women granulosa cells are the source of ovarian IL1 [START_REF] Loukides | Human follicular fluids contain tissue macrophages[END_REF][START_REF] Hurwitz | Human intraovarian interleukin-1 (IL-1) system: highly compartmentalized and hormonally dependent regulation of the genes encoding IL-1, its receptor, and its receptor antagonist[END_REF][START_REF] Machelon | Macrophage and granulosa interleukin-1 beta mRNA in human ovulatory follicles[END_REF][START_REF] Piquette | Gene regulation of interleukin-1 beta, interleukin-1 receptor type I, and plasminogen activator inhibitor-1 and -2 in human granulosa-luteal cells[END_REF]. We demonstrated the presence of IL1B in equine follicular fluid and the presence of IL1B and IL1RA mRNA in equine granulosa cells [START_REF] Martoriati | Interleukin-1 (IL-1) system gene expression in granulosa cells: kinetics during terminal preovulatory follicle maturation in the mare[END_REF][START_REF] Martoriati | Expression of interleukin-1 (IL-1) system genes in equine cumulus-oocyte complexes and influence of IL-1beta during in vitro maturation[END_REF]. Importantly, the expression of IL1B gene in granulosa cells, as well as IL1B follicular fluid content seem to be influenced by equine gonadotropin in mare [START_REF] Martoriati | Interleukin-1 (IL-1) system gene expression in granulosa cells: kinetics during terminal preovulatory follicle maturation in the mare[END_REF]. Moreover, it has been demonstrated that IL1B promotes the ovulation process in the rat [START_REF] Brannstrom | Ovulatory effect of interleukin-1 beta on the perfused rat ovary[END_REF], the rabbit [START_REF] Takehara | Effect of interleukin-1 beta on ovulation in the in vitro perfused rabbit ovary[END_REF] and the mare [START_REF] Martoriati | In vivo effect of epidermal growth factor, interleukin-1beta, and interleukin-1RA on equine preovulatory follicles[END_REF]. In mare, intrafollicular injection of IL1B induces synchronized ovulations [START_REF] Caillaud | In vivo effect of interleukin-1beta and interleukin-1RA on oocyte cytoplasmic maturation, ovulation, and early embryonic development in the mare[END_REF]. These results are in agreement with those obtained by Martoriati et al. showing that the intrafollicular injection of IL1RA reduces the ovulation rate or delays the ovulation time [START_REF] Martoriati | In vivo effect of epidermal growth factor, interleukin-1beta, and interleukin-1RA on equine preovulatory follicles[END_REF]. The effects of IL1B on the oocyte could be mediated by cumulus cells. IL1B increases in vitro the germinal vesicle breakdown of oocytes in the rabbit model [START_REF] Takehara | Effect of interleukin-1 beta on ovulation in the in vitro perfused rabbit ovary[END_REF], as well as in vivo in the mare [START_REF] Martoriati | In vivo effect of epidermal growth factor, interleukin-1beta, and interleukin-1RA on equine preovulatory follicles[END_REF], demonstrating its beneficial role in oocyte nuclear maturation. For review see Gerard and collaborators [START_REF] Gerard | The interleukin-1 system and female reproduction[END_REF].

Only the type 1 receptor IL1R1 appears to be expressed in human ovary [START_REF] Hurwitz | Human intraovarian interleukin-1 (IL-1) system: highly compartmentalized and hormonally dependent regulation of the genes encoding IL-1, its receptor, and its receptor antagonist[END_REF], whereas in rats, IL1R2 has also been identified [START_REF] Ko | Role of progesterone receptor activation in pituitary adenylate cyclase activating polypeptide gene expression in rat ovary[END_REF]. Other cytokines such IL6, the granulocyte macrophage colony stimulating factor (CSF), and TNF have also been measured in the follicular fluid of the preovulatory follicle (rat: [START_REF] Brannstrom | Rat ovary produces cytokines during ovulation[END_REF]; human: [START_REF] Machelon | Production of ovarian cytokines and their role in ovulation in the mammalian ovary[END_REF][START_REF] Zolti | Granulosa cells as a source and target organ for tumor necrosis factor-alpha[END_REF][START_REF] Buyalos | Detection of interleukin-6 in human follicular fluid[END_REF]). IL6 may intervene in the IL1 role in rat ovary [START_REF] Chung | Periovulatory and interleukin (IL)-1-dependent regulation of IL-6 in the immature rat ovary: a specific IL-1 receptor-mediated eicosanoiddependent effect[END_REF]. In human, exogenous IL8 induces a similar increase in follicular growth to that produced by the LH surge, suggesting that IL8 is an important actor of the ovulatory process [START_REF] Goto | Induction of follicular growth by exogenous interleukin-8[END_REF]. However, no study has been conducted in the mare on the role of IL8 in the ovary. The potential role of other interleukins (IL2, IL4, IL7, IL11, IL12, IL13, IL15, IL18, IL23) on folliculogenesis, oocyte maturation and ovulation is treated in details in the revue by Smolikova et al. [START_REF] Smolikova | Role of interleukins in the regulation of ovarian functions[END_REF]. A very recent study performed in the rat preovulatory follicle showed that IL11 is stimulated during ovulation, and increases progesterone production [START_REF] Jang | Regulation of interleukin-11 expression in ovulatory follicles of the rat ovary[END_REF]. Moreover, it has been shown that chemokine receptor 4 (CXCR4) was induced by hCG in both granulosa and theca equine cells [START_REF] Sayasith | Expression and regulation of stromal cell-derived factor-1 (SDF1) and chemokine CXC motif receptor 4 (CXCR4) in equine and bovine preovulatory follicles[END_REF].

A preovulatory increase in cortisol, anti-inflammatory glucocorticoid, has also been reported in several studies (human: [START_REF] Andersen | Assessment of the follicular cortisol:cortisone ratio[END_REF][START_REF] Harlow | Increased follicular fluid total and free cortisol levels during the luteinizing hormone surge[END_REF]). According to the studies of S. Hillier, conducted mainly in humans, this increase is due to the synthesis of the isoform 1 of the hydroxysteroid dehydrogenase 11B (HSD11B1) by granulosa cells stimulated by LH. This enzyme reduces cortisone to cortisol [START_REF] Tetsuka | Differential expression of messenger ribonucleic acids encoding 11beta-hydroxysteroid dehydrogenase types 1 and 2 in human granulosa cells[END_REF]. HSD11B2 is expressed by follicles at the earlier stages.

In the human ovarian follicle, glucocorticoid metabolism is a scale between HSD11B2 dehydrogenase activity (with high cortisol-binding affinity) and HSD11B1 dehydrogenase and reductase activities (with low cortisol-binding affinity) [START_REF] Thomas | Corticosteroid metabolism in human granulosa-lutein cells[END_REF][START_REF] Thurston | Ovarian modulators of type 1 11beta-hydroxysteroid dehydrogenase (11betaHSD) activity and intrafollicular cortisol:cortisone ratios correlate with the clinical outcome of IVF[END_REF][START_REF] Yong | Development-related increase in cortisol biosynthesis by human granulosa cells[END_REF][START_REF] Stewart | 11 beta-Hydroxysteroid dehydrogenase activity and corticosteroid hormone action[END_REF]. Responsiveness of granulosa cell HSD11B to gonadotropins favors metabolism of cortisol to cortisone in immature follicles, and the converse is true in periovulatory follicles [START_REF] Yong | Development-related increase in cortisol biosynthesis by human granulosa cells[END_REF][START_REF] Andersen | Assessment of the follicular cortisol:cortisone ratio[END_REF], with increased cortisol production by luteinized granulosa cells positively associated with oocyte maturation [START_REF] Fateh | Cortisol levels in human follicular fluid[END_REF]. Its level decreases after LH stimulation [START_REF] Tetsuka | Differential expression of messenger ribonucleic acids encoding 11beta-hydroxysteroid dehydrogenase types 1 and 2 in human granulosa cells[END_REF], explaining why the cortisol/cortisone ratio increases in follicular fluid at ovulation [START_REF] Andersen | Assessment of the follicular cortisol:cortisone ratio[END_REF]. The role of the preovulatory increase in cortisol is not clearly understood. Cortisol may intervene in cell differentiation in relation to ovulation and/or the formation of the corpus luteum; a local role of glucocorticoids in oocyte maturation has also been suggested [START_REF] Fateh | Cortisol levels in human follicular fluid[END_REF][START_REF] Hillier | Cortisol and oocyte quality[END_REF]. In the mare, involvement of glucocorticoids in follicular and oocyte maturation has recently been shown [START_REF] Scarlet | Glucocorticoid metabolism in equine follicles and oocytes[END_REF].

Degradation of the extracellular matrix (ECM):

In order the tissue to be reorganised, which takes place during follicular rupture and the formation of the corpus luteum, the extracellular matrix has to be remodelled. The involvement of proteases in ovulation was initially suggested in 1916 by Schochet [START_REF] Schochet | A suggestion as to the process of ovulation and ovarian cysts formation[END_REF]. In the ovulatory follicle after LH stimulation, the degradation of the basal lamina is initiated following an increase in the local production of plasminogen activator (PLA) (mainly tissue type PLAT), plasmin activator and metalloproteinase/collagenase activator (see reviews [START_REF] Lipner | Mechanism of mammalian ovulation[END_REF][START_REF] Goetz | Ovulation : mediators at the ovarian level[END_REF][START_REF] Tsafriri | Ovulation as a tissue remodelling process. Proteolysis and cumulus expansion[END_REF]). PLA transforms plasminogen into plasmin, which in turn activates certain collagenases [START_REF] Beers | A cell culture assay for follicle-stimulating hormone[END_REF]. At the same time, the inhibiting activity of SERPINE1 (formely PAI1) increases at the intrafollicular level after ovulation has been induced (human: [START_REF] Reinthaller | Plasminogen activators, plasminogen activator inhibitor, and fibronectin in human granulosa cells and follicular fluid related to oocyte maturation and intrafollicular gonadotropin levels[END_REF]; rat: [START_REF] Liu | Tissue-specific and time-coordinated hormone regulation of plasminogen-activator-inhibitor type I and tissue-type plasminogen activator in the rat ovary during gonadotropin-induced ovulation[END_REF]; pig: [START_REF] Politis | Changes in and partial identification of the plasminogen activator and plasminogen activator inhibitor systems during ovarian follicular maturation in the pig[END_REF]). The preovulatory increase in collagenase activity within a follicle destined to ovulate was demonstrated in 1985 by Reich et al. [START_REF] Reich | The involvement of collagenolysis in ovulation in the rat[END_REF]. Then, the zymography technique showed that this collagenase activity is mainly due to MMP1 and MMP-2 [START_REF] Hirsch | In vivo measurement of rat ovarian collagenolytic activities[END_REF]. On the other hand, collagenase inhibitors TIMP1 and TIMP2 are present in the preovulatory follicle after ovulation has been induced (rat: [START_REF] Reich | Preovulatory changes in ovarian expression of collagenases and tissue metalloproteinase inhibitor messenger ribonucleic acid: role of eicosanoids[END_REF][START_REF] Mann | Hormonal regulation of matrix metalloproteinase inhibitors in rat granulosa cells and ovaries[END_REF][START_REF] Zhu | A tissue inhibitor of metalloproteinases and alphamacroglobulins in the ovulating rat ovary: possible regulators of collagen matrix breakdown[END_REF]; ewe: [START_REF] Smith | Expression of messenger ribonucleic acid encoding tissue inhibitor of metalloproteinases-2 within ovine follicles and corpora lutea[END_REF][START_REF] Mcintush | Immunolocalization of tissue inhibitor of metalloproteinases-1 within ovine periovulatory follicular and luteal tissues[END_REF]; cow: [START_REF] Smith | Ontogenies of messenger RNA encoding tissue inhibitor of metalloproteinases 1 and 2 within bovine periovulatory follicles and luteal tissue[END_REF] women: [START_REF] Curry | The role of ovarian proteases and their inhibitors in ovulation[END_REF]). The expression of MMP and TIMP is regulated by steroids (increase in progesterone and/or decrease in oestradiol) and by prostaglandins [START_REF] Reich | Preovulatory changes in ovarian expression of collagenases and tissue metalloproteinase inhibitor messenger ribonucleic acid: role of eicosanoids[END_REF][START_REF] Chaffin | Expression of matrix metalloproteinases and their tissue inhibitor messenger ribonucleic acids in macaque periovulatory granulosa cells: time course and steroid regulation[END_REF][START_REF] Iwamasa | The relationship between ovarian progesterone and proteolytic enzyme activity during ovulation in the gonadotropintreated immature rat[END_REF]. In the equine ovary, changes in MMP2 and MMP9 activities occur in follicular cells, and may be essential to the tissue organization necessary for ovulation [START_REF] Riley | Matrix metalloproteinase-2 and -9 secretion by the equine ovary during follicular growth and prior to ovulation[END_REF][START_REF] Sessions | Characterization of matrix metalloproteinase-2 and matrix metalloproteinase-9 and their inhibitors in equine granulosa cells in vivo and in vitro[END_REF]. Alpha 2 macroglobulin which exhibits collagenase inhibiting activity, is also present in the follicular fluid in the murine species [START_REF] Gaddy-Kurten | Hormonal regulation and tissue-specific localization of alpha 2-macroglobulin in rat ovarian follicles and corpora lutea[END_REF], in humans [START_REF] Curry | Identification and characterization of metalloproteinase inhibitor activity in human ovarian follicular fluid[END_REF][START_REF] Curry | Alpha 2-macroglobulin and tissue inhibitor of metalloproteinases: collagenase inhibitors in human preovulatory ovaries[END_REF], and in the mare [START_REF] Gerard | A high-molecularweight preovulatory stage-related protein in equine follicular fluid and granulosa cells[END_REF]. Its expression by granulosa cells increases following injection of hCG [START_REF] Gaddy-Kurten | Hormonal regulation and tissue-specific localization of alpha 2-macroglobulin in rat ovarian follicles and corpora lutea[END_REF].

The concomitant expression of proteases and antiproteases in the preovulatory follicle probably makes it possible to modulate both the site and degree of degradation of the follicle wall at rupture. Collagenase alpha 2 has recently been described in the equine preovulatory follicle from young and old animals [START_REF] Da Silveira | Effects of age on follicular fluid exosomal microRNAs and granulosa cell transforming growth factor-beta signalling during follicle development in the mare[END_REF].

Relaxin participates to extracellular matrix remodelling by regulating proteolytic enzymes activity in the ovary. Relaxin is a member of the insulin family; it has been studied in particular for its role in parturition and lactation. In the ovary, relaxin has been found in the follicular fluid (women [START_REF] Wathes | Identification of relaxin immunoreactivity in human follicular fluid[END_REF]), and its level significantly increases with follicle size in the sow [START_REF] Ohleth | Relaxin protein and gene expression in ovarian follicles of immature pigs[END_REF]. Its production by granulosa cells is stimulated in vitro by LH [START_REF] Gagliardi | Human chorionic gonadotropin stimulation of relaxin secretion by luteinized human granulosa cells[END_REF][START_REF] Stewart | Relaxin secretion by human granulosa cell culture is predictive of in-vitro fertilization-embryo transfer success[END_REF]. Relaxin appears to be a paracrine factor of preovulatory follicle maturation [START_REF] Brannstrom | Relaxin induces ovulations in the in-vitro perfused rat ovary[END_REF], probably by modulating the activity of certain collagenases. In sows, it appears that exogenous relaxin influences its own receptors expression, improves oocyte nuclear maturation [START_REF] Feugang | In vitro effects of relaxin on gene expression in porcine cumulus-oocyte complexes and developing embryos[END_REF]. Equine relaxin was purified and characterised by Stewart & Papkoff in 1986 [238], and its expression in the mare ovary has been studied [START_REF] Ryan | Expression and localization of relaxin in the ovary of the mare[END_REF]. These authors confirmed that relaxin is present in equine follicular fluid, but its concentration does not increase during follicle growth or maturation. Moreover, it has not been possible to detect any mRNA transcript in the follicle cells. Indirect evidence indicates that, similarly to the rat, relaxin might contribute to the ovulatory process in the mare. Actually, Song et al. [START_REF] Song | Effects of relaxin on matrix remodeling enzyme activity of cultured equine ovarian stromal cells[END_REF] studied the role of relaxin in stromal tissue remodeling by evaluating its regulating activity of gelatinase and TIMP, PLA and SERPINE1 produced by ovarian equine stromal cells in culture. MMP and PLA systems are coordinated during ECM proteolysis. Equine relaxin modulates both the MMP and PLA systems in culture, which suggests that it potentially participates in ECM degradation in the ovary by simultaneously regulating proteolytic enzymes and their inhibitors, providing additional evidence that this hormone plays significant roles in tissue remodeling associated with follicle growth and ovulation in equine ovaries [START_REF] Song | Effects of relaxin on matrix remodeling enzyme activity of cultured equine ovarian stromal cells[END_REF], for recent review see Klein [START_REF] Klein | The role of relaxin in mare reproductive physiology: A comparative review with other species[END_REF].

Other molecules:

Oxytocin like progesterone is a luteinisation marker. In fact in the ovary, oxytocin is produced mainly by the corpus luteum. However, it has been shown in monkey and cow that the granulosa cells of antral follicles already produce oxytocin [START_REF] Einspanier | Oxytocin gene expression and oxytocin immunoactivity in the ovary of the common marmoset monkey (Callithrix jacchus)[END_REF][START_REF] Stormshak | Dynamics of molecular mechanisms underlying ovarian oxytocin secretion[END_REF] and that this production is stimulated by the preovulatory increase in LH. In women, the presence of oxytocin and its receptor have been demonstrated in cumulus cells at the preovulatory stage [START_REF] Furuya | Gene expressions of oxytocin and oxytocin receptor in cumulus cells of human ovary[END_REF]. However, the studies conducted in mare did not confirm these observations [START_REF] Stock | Oxytocin in mares: lack of evidence for oxytocin production by or action on preovulatory follicles[END_REF][START_REF] Watson | Immunolocalisation of oxytocin in the equine ovary[END_REF].

As in other species, the release of equine endometrial PGF2 is stimulated by oxytocin. During late dioestrus, initial oxytocin secretion comes from the pituitary. In contrast to other species, no significant luteal oxytocin synthesis exists in the mare. Of note is the fact that equine is the only domestic species in which oxytocin has been localized in the endometrium where specific secretory cells containing oxytocin have been described [START_REF] Bae | A light microscopic and ultrastructural study on the presence and location of oxytocin in the equine endometrium[END_REF]. These data suggest that, in this species, oxytocin is not involved in regulating the preovulatory maturation or the luteal differentiation.

Osteopontin (SPP1) is a 41.5kDa secreted glycoprotein whose mRNA was described for the first time in mice ovary in 1991 [START_REF] Craig | The murine gene encoding secreted phosphoprotein 1 (osteopontin): promoter structure, activity, and induction in vivo by estrogen and progesterone[END_REF] and in human ovary in 1992 [START_REF] Brown | Expression and distribution of osteopontin in human tissues: widespread association with luminal epithelial surfaces[END_REF]. Expression of this protein, implicated in angiogenesis and tissue remodelling, was then studied in bovine ovarian follicles and in corpus luteum. SPP1 mRNA was detected in bovine granulosa, theca and luteal cells, but the authors showed no effect of gonadotrophic hormones mRNA expression of ovarian cells culture [START_REF] Brunswig-Spickenheier | Expression of osteopontin (OPN) mRNA in bovine ovarian follicles and corpora lutea[END_REF]. More recently, upregulation of SPP1 has been shown in mouse granulosa cells in response to a gonadotropin surge through epidermal growth factor receptor (EGFR) signaling [START_REF] Kuwabara | Gonadotropin regulation and role of ovarian osteopontin in the periovulatory period[END_REF], which seems the main mediators of LH surge in the ovulatory follicle [START_REF] Park | EGF-like growth factors as mediators of LH action in the ovulatory follicle[END_REF]. Thus, SPP1 expression is involved in corpus luteum formation and function during the early-luteal phase, and enhances progesterone synthesis but also promotes the expression of VEGF, which encodes a prominent factor in the early luteinizing period [START_REF] Kuwabara | Gonadotropin regulation and role of ovarian osteopontin in the periovulatory period[END_REF]. To date no data is available to our knowledge concerning SPP1 and follicle maturation or ovulation in the mare.

Growth factors are important actors of the preovulatory maturation and ovulation.

Intense expression of VEGF, receptors and angiopoietins have been detected in periovulatory equine ovaries [START_REF] Muller | Histomorphological and immunohistochemical study of angiogenesis and angiogenic factors in the ovary of the mare[END_REF]. A contradictory work described a decrease in preovulatory intrafollicular VEGF [START_REF] Bashir | Changes in intrafollicular concentrations of free IGF-1, activin A, inhibin A, VEGF, estradiol, and prolactin before ovulation in mares[END_REF].The concentration of few other growth factors has been shown to change in the preovulatory follicle, without any direct effect on ovulation. In the mare, modulation of intrafollicular levels of insulin-like growth factor 1 (IGF1), IGFBPs, inhA, and activin A have been observed [START_REF] Gerard | Intrafollicular insulin-like growth factor-binding protein levels in equine ovarian follicles during preovulatory maturation and regression[END_REF][START_REF] Bashir | Changes in intrafollicular concentrations of free IGF-1, activin A, inhibin A, VEGF, estradiol, and prolactin before ovulation in mares[END_REF]. Moreover, epiregulin and amphiregulin (members of the EGF family) mRNA significantly increase in follicular cells from equine preovulatory follicles [START_REF] Sayasith | Human chorionic gonadotropin-dependent upregulation of epiregulin and amphiregulin in equine and bovine follicles during the ovulatory process[END_REF][START_REF] Campos-Chillon | Effects of aging on gene expression and mitochondrial DNA in the equine oocyte and follicle cells[END_REF]. Interestingly, a recent study performed in the mare, indicated that TGF/BMP signaling pathway in granulosa cells is regulated by exosomes present in the preovulatory follicular fluid, that thus may intervene in follicle maturation [START_REF] Da Silveira | Regulation of ACVR1 and ID2 by cell-secreted exosomes during follicle maturation in the mare[END_REF]. Very recently, a protein array analysis performed in mouse granulosa cells highly suggest that signaling parthways of IGF1R, FGFR2 and EPHB1, are activated by the preovulatory LH surge [START_REF] Schuermann | Activated receptor tyrosine kinases in granulosa cells of ovulating follicles in mice[END_REF].

Reactive oxygen species (ROS) and antioxidant are highly important in overall health, and have significant roles in the ovary to ensure ovulation of a well-matured oocyte [START_REF] Wang | The Role of Antioxidant Enzymes in the Ovaries[END_REF].

Ovarian levels of superoxide dismutase 1-2 and catalase vary in relation to steroids, and are regulated by gonadotropins. Few years ago, the observation of stimulation of sulfiredoxin and hyperoxidization of peroxiredoxin during the periovulatory period led to suggest the presence of an antioxidant system within the ovary at the time of ovulation [START_REF] Park | Periovulatory expression of hydrogen peroxide-induced sulfiredoxin and peroxiredoxin 2 in the rat ovary: gonadotropin regulation and potential modification[END_REF].

Only few other global analysis i.e. proteomic, transcriptomic and metabolomics studies describe follicular factors which synthesis is regulated by the LH surge in the mare, and may intervene in the terminal differentiation of the follicle before ovulation in this species [START_REF] Gerard | Intrafollicular insulin-like growth factor-binding protein levels in equine ovarian follicles during preovulatory maturation and regression[END_REF][START_REF] Gerard | Analysis of the variations of follicular fluid composition during follicular growth and maturation in the mare using proton nuclear magnetic resonance (1H NMR)[END_REF][START_REF] Fahiminiya | Proteomic analysis of mare follicular fluid during late follicle development[END_REF][START_REF] Donadeu | Transcriptome profiling of granulosa and theca cells during dominant follicle development in the horse[END_REF][START_REF] Gerard | Reproductive physiology and ovarian folliculogenesis examined via 1H-NMR metabolomics signatures: a comparative study of large and small follicles in three mammalian species (Bos taurus, Sus scrofa domesticus and Equus ferus caballus)[END_REF]. These approaches are of great interest to point out key actors of this process, but are highly dependent to availability and performance of biochemical and bioinformatics tools and strategies.

-Maturation of the oocyte-cumulus complex

In several mammalian species, including horses [START_REF] Hinrichs | Effect of follicular components on meiotic arrest and resumption in horse oocytes[END_REF], oocytes that have finished growing are able to mature when isolated from their follicles and are cultured in vitro. This observation suggests that follicle inhibition exists. Maturation of the oocyte-cumulus complex takes place in vivo in the ovulatory follicle following the LH surge. It consists of expansion of the cumulus oophorus (population of granulosa cells surrounding the oocyte), of nuclear maturation of the oocyte with resumption of meiosis and cytoplasmic maturation, i.e. organelle reorganization and molecular changes. Cumulus cells play an important role during oocyte maturation, acting by gap juntional communications and soluble factors [START_REF] Van Soom | Function of the cumulus oophorus before and during mammalian fertilization[END_REF][START_REF] Tanghe | Minireview: Functions of the cumulus oophorus during oocyte maturation, ovulation, and fertilization[END_REF].

Recent studies focused on the second messenger cyclic adenosine monophosphate (cAMP) and oocyte secreted factors (OSFs) which possibly play a key role in the regulation of oocyte maturation [START_REF] Appeltant | Porcine oocyte maturation in vitro: role of cAMP and oocyte-secreted factors-a practical approach[END_REF]. cAMP is produced by cumulus cells and transported through gap junctions into the oocyte. In the mare, phosphodiesterase 4D increases in cumulus cells after LH induction of ovulation, as well as activation of both oocyte specific G-protein-coupled receptor 3 and phosphodiesterase 3A [START_REF] Campos-Chillon | Effects of aging on gene expression and mitochondrial DNA in the equine oocyte and follicle cells[END_REF]. Oocyte regulates cumulus cell differentiation via the secretion of soluble paracrine growth factors, known as the OSFs regulation of folliculogenesis [START_REF] Gilchrist | Oocyte-secreted factors: regulators of cumulus cell function and oocyte quality[END_REF]. OSFs regulate cumulus cells, which in turn modulate oocyte development. This microenvironment is crucial for oocyte development and maturation [START_REF] Gilchrist | Recent insights into oocyte-follicle cell interactions provide opportunities for the development of new approaches to in vitro maturation[END_REF].

The role of cumulus cell's macrophage colony-stimulating factor (M-CSF) in the process of LH-induced resumption of meiosis has recently been demonstrated in the mouse to act via the vital inhibition of natriuretic peptide receptor2 (NRP2) [START_REF] Sun | Macrophage colony-stimulating factor (M-CSF) is an intermediate in the process of luteinizing hormone-induced decrease in natriuretic peptide receptor 2 (NPR2) and resumption of oocyte meiosis[END_REF]. Growth differentiation factor 9 (GDF9) [272] and bone morphogenetic protein 15 (BMP15) [START_REF] Galloway | Mutations in an oocyte-derived growth factor gene (BMP15) cause increased ovulation rate and infertility in a dosage-sensitive manner[END_REF], from the transforming growth factor beta superfamily (TGFB), are the most important OSFs in this context. The preovulatory LH surge upregulates BMP15 secreted by the oocyte, and may be used to interact with somatic follicular cells [START_REF] Campos-Chillon | Effects of aging on gene expression and mitochondrial DNA in the equine oocyte and follicle cells[END_REF][START_REF] Mester | Oocyte expression, secretion and somatic cell interaction of mouse bone morphogenetic protein 15 during the peri-ovulatory period[END_REF]. Moreover, it has been recently hypothesized that alteration of oocyte-specific galactosyl-and acetylglucosaminyltransferases may affect BMP15 activity and hyaluronan production, a vital matrix constituent of the cumulus-oocyte complexe [START_REF] Lo | Oocyte-specific ablation of N-and O-glycans alters cumulus cell signalling and extracellular matrix composition[END_REF]. Recently in the mare, immunization against BMP15 and GDF9 demonstrated a lower ovulation rate, and has been proposed as a contraceptive [START_REF] Davis | Effects of immunization against bone morphogenetic protein-15 and growth differentiation factor-9 on ovarian function in mares[END_REF]. In addition to gap junctional communications and paracrine signalling between the oocyte and surrounding cumulus cells, is a less well characterized way of signalling including exosomal transfer which allow the transfer of various molecules, as very recently reviewed [START_REF] Russell | Bidirectional communication between cumulus cells and the oocyte: Old hands and new players?[END_REF]. All these communication pathways regulate signalling events around ovulation that lead to oocyte maturation and competence for fertilization and embryo development.

The morphological studies conducted on the equine cumulus oophorus [START_REF] Hinrichs | Relationships among oocyte-cumulus morphology, follicular atresia, initial chromatin configuration, and oocyte meiotic competence in the horse[END_REF][START_REF] Torner | Meiotic configuration of horse oocytes in relation to the morphology of the cumulus-oocyte complex[END_REF], show it similar to that in other domestic species: the 3 or 4 regular layers of cells close to the oocyte make up the corona radiata. It is itself surrounded by a large number of less organised cells making up the cumulus [START_REF] Hinrichs | The relationship of follicle atresia to follicle size, oocyte recovery rate on aspiration, and oocyte morphology in the mare[END_REF]. However, the equine cumulus is more strongly attached to the follicle wall than the bovine cumulus [START_REF] Hawley | Comparison of equine and bocine oocyte-cumulus morphology within the ovarian follicle[END_REF]. As studied in mouse and pig, the cumulus expansion is characterized by the synthesis of hyaluronan which associates to proteins and proteoglycans (mainly the inter alpha trypsin inhibitor family) to constitute an expanded hyaluronan-rich extracellular matrix [START_REF] Nagyova | Organization of the expanded cumulus-extracellular matrix in preovulatory follicles: a role for inter-alpha-trypsin inhibitor[END_REF]. In parallel to the cumulus expansion, meiotic oocyte resumption and organelle and cytosqueletal reorganization are orchestrated for successful oocyte maturation. These are under the control of molecular changes, such as proteins degradation or de novo synthesis. Thus, maturing oocytes depend on posttranscriptional regulation of stored transcripts. Reyes & Ross recently published a review that encompass the key importance of cytoplasmic polyadenylation mechanism and associated factors during oocyte maturation in mammals, based on studies performed mainly in Xenopus [START_REF] Reyes | Cytoplasmic polyadenylation in mammalian oocyte maturation[END_REF]. These authors describe the expression of polyadenylation and translational regulator associated factors in human, mouse and cattle metaphase 2 oocytes, and address the complexity of the molecular mechanisms associated to oocyte maturation. Factors affecting meiotic and developmental competence of the equine oocyte have been reviewed [START_REF] Hinrichs | The equine oocyte: factors affecting meiotic and developmental competence[END_REF]. At least, the oocyte of the dominant follicle resumes meiosis when it has reached 80% of its definitive size, i.e. just a few hours before ovulation [START_REF] Thibault | Mammalian oocyte maturation[END_REF]. In mare, no clear relationship has been established between the size of an oocyte and its capacity to resume meiosis [START_REF] Goudet | Equine oocyte competence for nuclear and cytoplasmic in vitro maturation: effect of follicle size and hormonal environment[END_REF]. As is the case for other domestic mammals, the oocyte nuclear maturation stages in the equine species include nuclear envelope breakdown, completion of the first meiotic division, with polar body extrusion and arrest in metaphase II [START_REF] Grondahl | Structural and endocrine aspects of equine oocyte maturation in vivo[END_REF]. Equine oocytes are ovulated at the metaphase II stage [START_REF] King | The meiotic stage of preovulatory oocytes in mares[END_REF][START_REF] Hinrichs | In vitro maturation of horse oocytes: characterization of chromatin configuration using fluorescence microscopy[END_REF] [290], as in most mammals. Meiosis is completed at fertilisation. A chronology of in vivo oocyte maturation in the equine species after induced ovulation showed that the metaphase I and metaphase II stages were reached respectively 24 and 35 h after the injection of exogenous gonadotropins [START_REF] Bézard | Meiotic stage of the preovulatory equine oocyte at collection and competence of immature oocytes for in vitro maturation: Effect of interval from induction of ovulation to follicle puncture[END_REF].Two important phenomena occur during nuclear maturation: chromatin condensation, and the disappearance of the nuclear membrane. It has been shown that the M phase Promoting Factor (MPF) is involved in both these phenomena. The expression of mitogen-activated protein kinases (MAPK) and of MPF components CDK1 (formely CDC2) and cyclin B in mare oocytes during both in vivo and in vitro maturation was studied in our team several years ago [START_REF] Goudet | Oocyte competence for in vitro maturation is associated with histone H1 kinase activity and is influenced by estrous cycle stage in the mare[END_REF][START_REF] Goudet | Maturation-promoting factor (MPF) and mitogen activated protein kinase (MAPK) expression in relation to oocyte competence for invitro maturation in the mare[END_REF]. It has been shown that MAPK activity in equine oocyte is regulated by calcium homeostasis [START_REF] Santis | The extracellular calcium-sensing receptor is expressed in the cumulus-oocyte complex in mammals and modulates oocyte meiotic maturation[END_REF].

Nuclear

configuration, spindle morphology, histone acetylation and microtubules/microfilaments content were recently described during meiosis resumption in equine [START_REF] Siddiqui | Nuclear configuration, spindle morphology and cytoskeletal organization of in vivo maturing horse oocytes[END_REF][START_REF] Franciosi | Changes in histone H4 acetylation during in vivo versus in vitro maturation of equine oocytes[END_REF][START_REF] Franciosi | Analysis of Chromosome Segregation, Histone Acetylation, and Spindle Morphology in Horse Oocytes[END_REF]. At cytoplasmic scale, few studies describe the ultrastructure of the equine oocyte and the organisation of cytoplasmic organelles. It was reported the absence of granular endoplasmic reticulum and Golgi apparatus in mare oocytes [START_REF] Vogelsang | Fine structure of the follicular oocyte of the horse[END_REF], as well as a particular abundance of lipid droplets. During in vivo maturation of the equine oocyte, Bézard et al.

[290] and Gröndahl et al. [START_REF] Grondahl | Structural and endocrine aspects of equine oocyte maturation in vivo[END_REF] in 1995 observed the disruption of the junctions between cumulus cells and the oocyte, the migration of cortical granules towards the periphery of the cytoplasm and the migration of mitochondria towards the centre of the cytoplasm. Since few years, research has focused on mitochondrial DNA in oocytes. In the mare, the reduced fertility observed with maternal aging is related to mitochondrial damage and loss [START_REF] Campos-Chillon | Effects of aging on gene expression and mitochondrial DNA in the equine oocyte and follicle cells[END_REF][START_REF] Rambags | Advancing maternal age predisposes to mitochondrial damage and loss during maturation of equine oocytes in vitro[END_REF][START_REF] Hendriks | Maternal age and in vitro culture affect mitochondrial number and function in equine oocytes and embryos[END_REF]. If several cytoplasmic changes were reported during maturation of equine oocytes [START_REF] Goudet | Equine oocyte competence for nuclear and cytoplasmic in vitro maturation: effect of follicle size and hormonal environment[END_REF][START_REF] Grondahl | Structural and endocrine aspects of equine oocyte maturation in vivo[END_REF][START_REF] Carneiro | Quantification and distribution of equine oocyte cortical granules during meiotic maturation and after activation[END_REF], migration of cortical granules has been assessed as an indicator of cytoplasmic maturation, the final sign being the ability of the oocyte to undergo fertilization [START_REF] Ducibella | Quantitative studies of changes in cortical granule number and distribution in the mouse oocyte during meiotic maturation[END_REF][START_REF] Ferreira | Cytoplasmic maturation of bovine oocytes: structural and biochemical modifications and acquisition of developmental competence[END_REF].

Concerning intra-oocyte lipids, mainly stored in lipid droplets, Prates et al. [START_REF] Prates | A role of lipid metabolism during cumulus-oocyte complex maturation: impact of lipid modulators to improve embryo production[END_REF] recently reviewed their implication during oocyte-cumulus complex maturation and oocyte competence for fertilization. Lipid droplets distribution is related to cumulus expension and oocyte maturation in the mare [START_REF] Ambruosi | Cytoplasmic lipid droplets and mitochondrial distribution in equine oocytes: Implications on oocyte maturation, fertilization and developmental competence after ICSI[END_REF]. Moreover, ovarian leptin has been studied in the horse [START_REF] Lange-Consiglio | Follicular fluid leptin concentrations and expression of leptin and leptin receptor in the equine ovary and in vitro-matured oocyte with reference to pubertal development and breeds[END_REF], leading these authors to proposed that oocyte leptin and leptin receptors contents, its maturation competence, and adiposity are related. Metabolic changes and in particular the increase in the intra-oocyte level of glutathione, seem to have considerable consequences for fertilisation. Some glutathion comes from the cumulus cells, which would explain the involvement of these cells in the quality of maturation [START_REF] Mermillod | Maturation ovocytaire in vivo et in vitro chez les mammifères[END_REF]. Few year later, we studied the glutathione content and glutathione peroxidase expression in equine oocytes and cumulus cells before and after maturation [START_REF] Luciano | Glutathione content and glutathione peroxidase expression in in vivo and in vitro matured equine oocytes[END_REF]. The growth hormone (GH) receptor was detected in the oocyte and in cumulus and granulosa cells, and in vitro addition of eGH to maturation medium increased the rate of cytoplasmic maturation of equine oocytes [START_REF] Pereira | Influence of equine growth hormone, insulin-like growth factor-I and its interaction with gonadotropins on in vitro maturation and cytoskeleton morphology in equine oocytes[END_REF][START_REF] Pereira | The involvement of growth hormone in equine oocyte maturation, receptor localization and steroid production by cumulus-oocyte complexes in vitro[END_REF][START_REF] Marchal | Effect of growth hormone (GH) on in vitro nuclear and cytoplasmic oocyte maturation, cumulus expansion, hyaluronan synthases, and connexins 32 and 43 expression, and GH receptor messenger RNA expression in equine and porcine species[END_REF]. Recently, hemoglobin has been described in mouse oocytes, and has been hypothesized to intervene during cumulus oocyte complex maturation [START_REF] Russell | Bidirectional communication between cumulus cells and the oocyte: Old hands and new players?[END_REF]. It may be transferred from the cumulus cells to the oocyte and may act as O2/NO gas binding protein. Nevertheless, strong evidences about the regulation, function and mechanism of action of hemoglobin in the cumulus oocyte complex during the ovulatory period, as well its role during oocyte maturation have yet to be established.

Conclusion:

As described here, a large number of regulatory factors have been shown within ovarian follicles and are potentially involved in controlling the development and maturation of the follicle and/or of the oocyte that it contains. Some of them originate from local synthesis and others from the passage from the circulatory compartment to the follicular fluid, and sometimes the two simultaneously. However, few have been conducted on mares in comparison to other species.

However in the equine species, requirements in the field of reproduction often resemble those in human medicine; it is often preferable to obtain descendants from individuals capable of conceiving in vivo or of carrying a pregnancy to term. On the other hand, compared to other mammals, the horse exhibits certain particularities that make it an interesting model for studying follicle development and maturation. Some of these particularities are quoted in this report, such as ovary morphology, the length of the oestrus phase, and the absence of any real preovulatory LH peak. Moreover, the follicle and oocyte maturation mechanisms appear to be unusual. In fact, the in vitro maturation rate of oocytes is low and the success of IVF and ICSI still limited. The equine species is also characterised by a relatively high rate of anovulatory cycles.

Consequently, although the physiological mechanisms that regulate folliculogenesis and oogenesis do not appear to be fundamentally different from the mechanisms observed in the other domestic mammal species, these observations taken together suggest that some unique types of regulation may be involved in the mare. A better understanding of the mechanisms and factors involved in final maturation in this species is therefore a prerequisite for obtaining quality oocytes. Tables:

Table 1: Interval between LH preovulatory peak and ovulation in different mammals. Of note is the fact that there is not LH peak in the mare but a gradual LH increase starting before ovulation to reach a maximum level 24 to 48 hours after ovulation. 
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Period of time between hCG injection