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Maturation Inducing Hormones in teleosts: are progestogens always the first to be nominated?
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Attempts to increase fish production and restocking capacities have made synchronous out-ofseason spawning necessary. Achieving such spawning is, however, highly dependent on mastering the fundamental control of reproduction during critical reproductive periods in a variety of teleosts. In all teleosts, maturation-inducing hormones (MIHs) are the hormones that mediate the critical stages of final oocyte maturation (FOM) in preparation for ovulation and spawning. Importantly, the identities of MIHs are still unknown or unconfirmed in a number of teleosts, especially those newly introduced into the fish market. Therefore, we here attempt to provide an overview of the most likely MIHs in a wide range of teleosts to aid in confirmation of their identities in already studied species and to suggest their identities in still-unstudied species. In addition to progestogens, various in vitro and/or in vivo studies on a variety of teleosts have yielded other MIHs, such as corticosteroids, prostaglandins, and even melatonin, that are not commonly suspected to be MIHs. Such nonprogestogens can at least interfere with MIH production or function. In all cases, however, both in vitro and in vivo assays should agree on the nomination of a certain MIH before its identity can be confirmed.

Altogether, the existing studies strongly suggest that the identity of an MIH can vary among different species, even within the same family of teleosts. Finally, we list the main methods for MIH detection while focusing on in vitro MIH ones considering the paramount importance of such a pursuit in achieving future hormonal treatments for production synchronization in additional teleost species.

1-Introduction

Fish and fish products are some of the most traded food items in the world today. In 2016, 88% of the total fish production was utilized for direct human consumption, and the percentage has increased significantly in recent decades (FAO, 2016). Such growth in market demand is always accompanied by the need for expansion of production (FAO, 2014).

Aquaculture can offer systems that aim to expand such capacity of fish production with more limited use of land and water, allowing better control of the reproductive cycle by fish farmers. Additionally, aquaculture provides elements for restocking which adds to the diversification and fish abundance within a particular water zone [START_REF] Aprahamian | Restocking of salmonids-opportunities and limitations[END_REF].

Nevertheless, 85% of the world's production of finfish has come from farming of only 15 species in numerous countries [START_REF] Teletchea | Levels of domestication in fish: implications for the sustainable future of aquaculture[END_REF]. Hence, a major way to maintain or increase the contribution of aquaculture systems to global consumption is to farm or domesticate new species of marine or freshwater fishes. Control of the reproductive cycle and achievement of out-of-season spawning for farmed species are major issues in fish farming that must be addressed in the continuous attempts to increase production capacity.

Such control can be achieved through the different applications of artificial reproduction which include the monitoring of the environmental parameters or the exogenous introduction of sexual hormones to induce or hinder fish maturation and to attain more synchronized spawning. Fortunately, specific studies have so far demonstrated that residues of such hormonal treatments do not accumulate or at least disappear within few days due to their metabolism by fish tissues [START_REF] Hoga | A review on the use of hormones in fish farming: Analytical methods to determine their residues[END_REF]. For such out-of-season spawning, complete control of reproduction in captivity is a prerequisite [START_REF] Ben Ammar | Continuous lighting inhibits the onset of reproductive cycle in pikeperch males and females[END_REF]. However, the diversity in cultured fish species is accompanied by extreme diversity in modes of reproduction that involves numerous adaptations and reproductive strategies [START_REF] Jalabert | Particularities of reproduction and oogenesisin teleost fish compared to mammals[END_REF].

Diverse as they might be, these strategies must be compatible with aquaculture procedures, which requires understanding of the fundamental control of reproduction in a wide range of teleosts.

In all teleosts, the primary oocytes are first arrested at the diplotene stage of prophase I, during which the oocytes enter growth stages marked by the appearance of cortical alveoli and vitellogenic granules, which leads to enormous increases in oocyte size [START_REF] Tyler | Oocyte growth and development in teleosts[END_REF][START_REF] Miura | A Progestin and an Estrogen Regulate Early Stages of Oogenesis in Fish1[END_REF][START_REF] Lubzens | Oogenesis in teleosts: How fish eggs are formed[END_REF]. The most critical stage just prior to ovulation follows the growth stages and is known as Final Oocyte Maturation (FOM), which is characterized primarily by the breakdown of the oocyte nuclear envelope in a phenomenon known as Germinal Vesicle Breakdown (GVBD) [START_REF] Migaud | Synthesis of sex steroids in final oocyte maturation and induced ovulation in female Eurasian perch, Perca fluviatilis[END_REF][START_REF] Tokumoto | Induction and inhibition of oocyte maturation by EDCs in zebrafish[END_REF]. FOM is under endocrinological control via the hypothalamic-pituitary-gonadal (HPG) axis [START_REF] Yaron | Endocrine Regulation of Fish Reproduction[END_REF][START_REF] Planas | Regulation of Ovarian Steroidogenesis In Vitro by Follicle-Stimulating Hormone and Luteinizing Hormone During Sexual Maturation in Salmonid Fish1[END_REF] and is marked by the predominant production of Maturation-Inducing Hormones (MIHs). MIHs mediate the final maturational stages during FOM. Hence, investigation into the natures of these mediators in several species of teleosts has been a key element for anticipation of ovulation in diverse species in captivity. For instance, synchronization of reproduction in some captive fish, such as percids, is an industrial target to reach higher productivity in a limited amount of time [START_REF] Migaud | Synthesis of sex steroids in final oocyte maturation and induced ovulation in female Eurasian perch, Perca fluviatilis[END_REF]. Synchronization of production can be pursued through direct hormonal stimulation, which is in turn strongly dependent on the detection of MIHs. Attaining more synchronous production is not the only purpose behind the detection of MIHs; mitigation of reproductive dysfunction in some groups of cultured teleosts, such as cyprinids, is also a goal [START_REF] Podhorec | Induction of final oocyte maturation in Cyprinidae fish by hypothalamic factors: a review[END_REF]. However, while 17,20 β-dihydroxy-4-pregnen-3-one (DHP) has traditionally been considered to be the MIH in teleost fish, the updated literature highlights a more complex scheme.

In this review, we explain the endocrinological routes leading to MIH release and the modes of action of a typical MIH while utilizing the information available on the most often characterized MIH (DHP). We also list available information on previously detected classical and nonclassical MIHs in studied teleost species, including those relevant for further aquaculture production. We eventually discuss some of the common assays for MIH detection while focusing on the in vitro ones, with the aim of enhancing the latter methods and thus improving synchronization of egg production in additional teleost species.

2-Endocrinological route of MIH release and the environmental and paracrine factors controlling this release

In essence, FOM takes over following vitellogenesis which is accompanied by a surge in circulating LH released from the anterior pituitary; all of these events are under the control of gonadotropin-releasing hormone (GnRH) released from the hypothalamus in the brain (Plant, 2015;[START_REF] Zohar | Neuroendocrinology of reproduction in teleost fish[END_REF]. Following LH release, LH binds to its follicular receptor (LHR) located on both the granulosa cells and theca cells of the ovaries (Fig. 1). Several paracrine factors acting on at least one of the hormonal elements of the HPG axis have been found to primarily affect FOM.

For instance, there exists an important paracrine effect for the time-keeping hormone melatonin on the release of MIH given that the addition of melatonin to an in vivo treatment commercially used for artificial FOM induction has proven to be very efficient in enhancing the treatment. Such indirect mechanism by which this monoamine acts is believed to involve time-dependent effects on either GnRH or gonadotropin-inhibitory hormone (GnIH) levels that affect LH according to the season (Fig. 1) [START_REF] Maitra | Melatonin: A potent candidate in the regulation of fish oocyte growth and maturation[END_REF][START_REF] Moniruzzaman | Melatonin actions on ovaprim (synthetic GnRH and domperidone)-induced oocyte maturation in carp[END_REF]. Some studies also recorded Melatonin to inhibit 17β-estradiol (E2) production in fish ovaries and to directly induce the in vitro production of significant levels of progestogen in ovarian fragments. The latter effect was eventually also accredited to the probable effect of melatonin on LH-induced progestogen synthesis [START_REF] Hong | Cloning and expression of melatonin receptors in the mudskipper Boleophthalmus pectinirostris: Their role in synchronizing its semilunar spawning rhythm[END_REF][START_REF] Takahashi | Prostaglandins in teleost ovulation: A review of the roles with a view to comparison with prostaglandins in mammalian ovulation[END_REF].

As described in a review by [START_REF] Maitra | Melatonin: A potent candidate in the regulation of fish oocyte growth and maturation[END_REF], melatonin affects reproduction by acting on several components of the HPG axis in fish, and, importantly, these effects are photoperioddependent [START_REF] Yumnamcha | Interaction of melatonin and gonadotropin-inhibitory hormone on the zebrafish brain-pituitary-reproductive axis[END_REF]. After all, melatonin mediates the internal physiological reflection of the day-night patterns taking place in the outside environment, which thereby confines its effect, ranging between induction and inhibition of FOM, to the day length in seasonal breeders [START_REF] Carnevali | Melatonin Induces Follicle Maturation in Danio rerio[END_REF]. Dopamine (DA) is a neurotransmitter that indirectly contributes to MIH production in teleosts via the neurohormonal signaling pathway [START_REF] Dufour | Neuroendocrine control by dopamine of teleost reproduction[END_REF]. DA can exert an inhibitory effect on LH release from the pituitary, particularly through DA receptors from families D1 and D2 (Fig. 1) [START_REF] Dufour | Neuroendocrine control by dopamine of teleost reproduction[END_REF][START_REF] Popesku | Rapid Dopaminergic Modulation of the Fish Hypothalamic Transcriptome and Proteome[END_REF][START_REF] Roche | D1, but not D2, dopamine receptor regulates steroid levels during the final stages of pikeperch gametogenesis[END_REF]. Hence, the combination of D2-family DA receptor antagonist with GnRH agonist (GnRHa) has often been used to enhance the reproductive effectiveness of GnRHa therapy for FOM stimulation [START_REF] Fontaine | Dopaminergic Neurons Controlling Anterior Pituitary Functions: Anatomy and Ontogenesis in Zebrafish[END_REF][START_REF] Zadmajid | Spawning performance, serum sex steroids, and ovarian histology in wild-caught Levantine scraper, Capoeta damascina (Valenciennes, 1842) treated with various doses of sGnRHa + domperidone[END_REF]. This effect of DA on GnRH was enough to encourage the use of Ovaprim®, a product commonly used in fish farming that is a combination of both a DA receptor antagonist and GnRH. Interestingly, when the previously mentioned melatonin treatment is combined with Ovaprim® in carp, the effects of Ovaprim® on the cascade leading to FOM are augmented [START_REF] Moniruzzaman | Melatonin actions on ovaprim (synthetic GnRH and domperidone)-induced oocyte maturation in carp[END_REF]. These data shed light on the crucial interaction of these season-dependent factors in FOM control.

Following its release, LH stimulates the release of MIH by granulosa cells, resulting in the replacement of FSH-stimulated E2 secretion by MIH secretion [START_REF] Jalabert | Particularities of reproduction and oogenesisin teleost fish compared to mammals[END_REF][START_REF] Nagahama | Regulation of oocyte maturation in fish: Regulation of oocyte maturation in fish[END_REF][START_REF] Yaron | Endocrine Regulation of Fish Reproduction[END_REF]. In addition to vitellogenin production, FSH-stimulated E2 secretion is known to be crucial for maintaining the meiotic arrest required during vitellogenesis [START_REF] Thomas | Reprint of "Role of G protein-coupled estrogen receptor (GPER/GPR30) in maintenance of meiotic arrest in fish oocytes[END_REF]. Meiotic arrest at prophase of meiosis I is made possible primarily by the ability of growing oocytes to maintain high intraoocyte levels of cAMP via membrane-bound adenylyl cyclases [START_REF] Das | Endocrine and paracrine regulation of meiotic cell cycle progression in teleost oocytes: cAMP at the centre of complex intra-oocyte signalling events[END_REF]. In the croaker (Micropogonias undulatus) and zebrafish (Danio rerio), E2 has been revealed to be possibly responsible for this high intraoocyte cAMP level, as E2 treatment leads to increases in both cAMP production and GPER expression [START_REF] Thomas | Reprint of "Role of G protein-coupled estrogen receptor (GPER/GPR30) in maintenance of meiotic arrest in fish oocytes[END_REF]. This phenomenon explains the indispensable shift from the predominant production of E2 from T catalyzed by the enzyme aromatase (P450arom) to the predominant production of MIH (Fig. 1) (Zhou et al., 2007).

In most teleosts, DHP has been often nominated as the MIH, the production of this MIH is catalyzed by the enzymes belonging to the 20β-hydroxysteroid dehydrogenase (20β-HSDs) family, which usually catalyze the production of DHP from its precursor 17OHP. In vitro studies on zebrafish and masu salmon (Oncorhynchus masou) have isolated the enzyme carbonyl reductase-like 20β-HSD (CR20β-HSD) which can be structurally attributed to the 20β-HSDs family [START_REF] Aranyakanont | 17β-Hydroxysteroid dehydrogenase type 12 is responsible for maturation-inducing steroid synthesis during oocyte maturation in Nile tilapia[END_REF]. However, another finding in masu salmon raised doubt as to whether this isolated enzyme is the enzyme actually possessing the 20β-HSDs activity responsible for DHP production from 17OHP. In this finding, it was suspected that another enzyme which belongs to the 17β-hydroxysteroid dehydrogenase (17β-HSD) family namely 17b-hydroxysteroid dehydrogenase type 12 (hsd17b12) is the enzyme that actually catalyzes DHP production and hence would possess the real 20β-HSD activity [START_REF] Ijiri | 17β-HSD Type 12-Like Is Responsible for Maturation-Inducing Hormone Synthesis During Oocyte Maturation in Masu Salmon[END_REF].

3-Mode of action of an MIH

After being produced, an MIH binds to its membrane progestin receptor (mPRα) at the oocyte surface (Fig. 1), leading to the potential activation of various signal transduction cascades that ultimately end with the activation of the MPF (Maturation promoting factor) [START_REF] Li | IGFs Mediate the Action of LH on Oocyte Maturation in Zebrafish[END_REF].

After its activation, the MPF, a heterodimer of the regulatory component cyclin B and the catalytic component cdc2, promotes a series of intraoocyte mechanisms characterizing FOM, such as chromosome condensation, spindle formation, GVBD, release of the first polar body, and completion of meiosis I [START_REF] Das | Endocrine and paracrine regulation of meiotic cell cycle progression in teleost oocytes: cAMP at the centre of complex intra-oocyte signalling events[END_REF]. However, the success of the binding of the MIH to its receptor is highly dependent on the stage of oocyte maturation. As previously mentioned, the E2/GPER system (G protein-coupled estrogen receptor) is known to mediate an intraoocyte signaling pathway before FOM that serves to block the synthesis of the latter MIH receptor by increasing the level of cAMP [START_REF] Thomas | Reprint of "Role of G protein-coupled estrogen receptor (GPER/GPR30) in maintenance of meiotic arrest in fish oocytes[END_REF]. In catfish, the agent catecholestrogen has been reported to act as an antagonist of GPER. By antagonizing GPER, catecholestrogen might relieve the E2-mediated inhibition of mPRα synthesis by blocking the production of E2-induced cAMP, thereby allowing the MIH to bind to its receptor [START_REF] Das | Endocrine and paracrine regulation of meiotic cell cycle progression in teleost oocytes: cAMP at the centre of complex intra-oocyte signalling events[END_REF]. In addition to the rise in cAMP, however, previous evidence has established that the MPF is also affected by another factor, the active serine-threonine kinase PKA, in the oocytes of most species [START_REF] Das | Endocrine and paracrine regulation of meiotic cell cycle progression in teleost oocytes: cAMP at the centre of complex intra-oocyte signalling events[END_REF]. Existing evidence on the link between the rapid decrease in intraoocyte cAMP levels and the inhibition of PKA activity suggests that cAMP and PKA cooperate to diminish intraoocyte MPF action.

Although high-cAMP/PKA-mediated inhibition of FOM is almost universal, the intracellular targets at which PKA imposes its action in fish oocytes are not clearly understood [START_REF] Das | Endocrine and paracrine regulation of meiotic cell cycle progression in teleost oocytes: cAMP at the centre of complex intra-oocyte signalling events[END_REF]. In a study performed on the climbing perch, Anabas testudineus, by [START_REF] Khan | Participation of cAMP-dependent protein kinase and MAP kinase pathways during Anabas testudineus oocyte maturation[END_REF], mitogen-activated protein kinases (MAPKs) were found to play a very large role in the process of PKA-mediated inhibition of MPF. That study revealed that endogenous PKA inhibits MPF production via inhibition of MEK kinase (MEKK), which is critical in the activation of MAPK through MEK. This finding leads to the conclusion that, in climbing perch, inhibition of PKA may enable activation of the MEKK/MEK/MAPK cascade to ultimately activate MPF [START_REF] Khan | Participation of cAMP-dependent protein kinase and MAP kinase pathways during Anabas testudineus oocyte maturation[END_REF]. Therefore, it is reasonable to hypothesize that MIH, after binding to its receptor (mPRα), is able to lower the level of intraoocyte cAMP, thereby lowering PKA levels, which activates the MEKK/MEK/MAPK cascade to ultimately activate MPF.

4-Progestogens as MIHs

The first evidence that progestogens are major MIHs in fish is the peak in their circulating plasma levels during the periovulatory period. Several studies have recorded peaks in the plasma levels of progestogens such as progesterone (P), DHP,and 17,20β, in numerous families of teleosts, such as Acanthuridae, Acipenseridae, Percidae, and Cichlidae. In Table 1, we list examples of several teleost species for which progestogens have been measured in vivo in blood plasma and/or progestogen activity has been investigated during FOM or spawning. In some studies, revealing peaks in progestogens during certain periods of FOM or spawning, in vitro biological assays of follicle culture have been conducted in an attempt to confirm the MIH activity. These in vitro assays have been intended to validate that FOM is provoked in vitro at a certain physiological dose at which a certain progestogen peak during FOM. However, several in vitro assays suggesting that certain progestogens are MIHs have not been backed up with corresponding in vivo records to validate their effective doses. For example, in the striped bass, Morone saxatilis, plasma DHP levels during FOM have been found to be almost 10-fold lower than the recorded in vitro dose that effectively induces GVBD (Table 1). Thus, it seems rather unreasonable to consider DHP as a potent MIH in this species. Similar conclusions have been made for DHP in Japanese eel, Anguilla japonica; European seabass, Dicentrarchus labrax; white sturgeon, Acipenser transmontanus; yellow perch, Perca flavescens; goldfish, Carassius auratus; and white perch, Morone americana. In these species, plasma measurements of DHP have not validated DHP as a potent MIH, even in the two latter species, in which fish have been injected with hCG (Table 1). The in vitro assays have not been validated by the corresponding circulating levels of other progestogens that have been suspected to be MIHs, such as P, THP, and 17αhydroxyprogesterone (17OHP), as has been the case for Alburnis tarichi and Eurasian ruffe, Gymnocephalus cernuus (Table 1). Nevertheless, progestogens have been shown to be MIHs in some other teleosts in which an in vitro effective progestogen dose is close to the recorded plasma levels during FOM, as in red seabream, Pagrus major; kyusen wrasse, Halichoeres poecilopterus and Eurasian perch, Perca fluviatilis (Table 1). Finally, in rainbow trout, Oncorhynchus mykiss, the DHP concentration that induces GVBD was recorded to be 10 ng/ml in one study [START_REF] Nagahama | Relative in Vitro Effectiveness of 17a,20/3-Dihydroxy-4-pregnen-3-one and Other Pregnene Derivatives on Germinal Vesicle Breakdown in Oocytes of Ayu (Plecoglossus altivelis), Amago Salmon (Oncorhynchus rhodurus), Rainbow Trout (Salmo gairdneri), and Goldfish (Carassius auratus)[END_REF] and 40 ng/ml in a more recent study [START_REF] Milla | Hydration of rainbow trout oocyte during meiotic maturation and in vitro regulation by 17,20 -dihydroxy-4-pregnen-3one and cortisol[END_REF]. In both studies, the in vitro active dose was much lower than the DHP plasma level measured during the reproductive period, which was in the range of 70-380 ng/ml; these studies were the first to validate DHP as an MIH (Table 1). Notably, the very high DHP plasma levels measured in rainbow trout and Amago salmon, Oncorhynchus rhodurus, compared to the active doses are excellent examples of plasma levels that are high enough to eliminate all doubt about whether a certain progestogen is an MIH (Table 1).

Another interesting conclusion based on the data in Table 1 regards the extent of interspecies differences that are encountered when nominating the most potent MIH. As discussed earlier, DHP and THP can be considered MIHs in a range of species, such as rainbow trout, red seabream and kyusen wrasse. On the other hand, in sterlet sturgeon, Acipenser ruthenus, circulating levels of P are fully compatible with the in vitro effective doses that induce GVBD (Table 1). In Caspian kutum, Rutilus frisii kutum, 17OHP is usually considered to affect FOM indirectly via its transformation into DHP, which is another way to interpret the peak recorded in Table 1 during FOM. In fact, studies have mentioned that the 17OHP plasma peak is concurrent with the DHP plasma increase at FOM and ovulation in several other cyprinid teleosts [START_REF] Heidari | Changes in plasma levels of steroid hormones during oocyte development of Caspian Kutum (Rutilus frisii kutum, Kamensky[END_REF]. Consequently, studies may still tend to nominate either DHP or THP as the most potent MIH rather than the precursor progestogen P or 17OHP. A comparative analysis of the levels of all circulating progestogens and their respective potencies in triggering GVBD would enable clarification of the most prominent progestogens that serve as MIHs in each species.

Additional information stemming from Table 1 is a comparison between DHP and THP in some species (red seabream and kyusen wrasse) for which the in vitro effective doses for both compounds were exactly the same and were similar to their measured plasma levels, which were slightly higher for THP than for DHP. These data not only enable conclusions to be drawn regarding the potency of both progestogens as MIHs but can also be used to show that THP is more potent than DHP in some species. The reason underlying the uncertainty regarding whether THP or DHP is the more potent MIH is also related to the abilities of these molecules to actively bind to MIH receptors on the oocyte membrane. A slightly stronger activity of a progestogen at a lower dose or similar dose to another progestogen (as has been exhibited for THP and DHP) might reflect a stronger ability to bind to the typical MIH membrane receptor [START_REF] Thomas | Rapid steroid hormone actions initiated at the cell surface and the receptors that mediate them with an emphasis on recent progress in fish models[END_REF]). Returning to the example of striped bass, in which both THP and DHP have been shown to be active inducers of GVBD, THP was revealed to be a more potent MIH than DHP through examination of the binding affinities of the two produced progestogens to the MIH receptor. In this example, the binding affinities of the two progestogens was measured using THP and DHP as ligands in combination with aliquots of ovarian membrane suspension which would normally contain the MIH receptors [START_REF] King | A Receptor for the Oocyte Maturation-Inducing Hormone 17a,201,21-Trihydroxy-4-Pregnen-3-One on Ovarian Membranes of Striped Bass[END_REF]. It was thus concluded that the pool of DHP produced was destined to be utilized as a substrate for THP production [START_REF] King | A Receptor for the Oocyte Maturation-Inducing Hormone 17a,201,21-Trihydroxy-4-Pregnen-3-One on Ovarian Membranes of Striped Bass[END_REF][START_REF] Ohta | Biosynthesis of steroids in ovarian follicles of red seabream, Pagrus major (Sparidae, Teleostei) during final oocyte maturation and the relative effectiveness of steroid metabolites for germinal vesicle breakdown in vitro[END_REF]. This finding supports the hypothesis that both progestogens are MIHs but that, in some species, DHP is transformed into THP, a more potent MIH that binds more strongly to the MIH receptor. This idea might explain the low plasma DHP levels recorded in Table 1 for the striped seabass. After all, both progestogens, DHP and THP, are 20β-hydroxylated progestins; their only difference resides in the hydroxyl group at the 21 position [START_REF] Matsuyama | Endocrine Control of Diurnal Oocyte Maturation in the Kyusen Wrasse, Halichoeres poecilopterus[END_REF]. Given that these progestogens are structurally similar and are produced from the same precursor, 17OHP [START_REF] Brueggemeier | Fundamentals of Steroid Chemistry and Biochemistry[END_REF], it is reasonable to expect that the affinities of these progestogens for their receptor might result in strong competition. Due to their low or mild affinities to this MIH receptor, other nonprogestogen MIHs, such as corticosteroids, or nontypical MIHs, such as androgens and estrogen, have been hypothesized to be MIHs less frequently than progestogens [START_REF] Thomas | Progestin membrane receptors involved in the meiotic maturation of teleost oocytes: a review with some new findings[END_REF]. However, these hormones have been studied and sometimes found to actively induce FOM.

5-Corticosteroids as MIHs

Despite all the information listed above, there exists some fish species with minimal or no increases in the plasma concentrations of either or both of the so-called progestogens during FOM [START_REF] Alvarado | Changes in plasma steroid hormones and gonadal histology associated with sexual maturation in wild southern hake (Merluccius australis)[END_REF][START_REF] Roche | D1, but not D2, dopamine receptor regulates steroid levels during the final stages of pikeperch gametogenesis[END_REF][START_REF] Ünal | Determination of hormones inducing oocyte maturation in Chalcalburnus tarichi (Pallas, 1811)[END_REF]. Furthermore, in vivo or in vitro assays might sometimes contradict with regards to the nomination of progestogens as MIHs. In the latter case, the findings may suggest another group of steroids, namely, corticosteroids, which do exhibit some MIH properties. Indeed, studies have identified three corticosteroids (11-deoxycortisol, 11-DC; 11-deoxycorticosterone, DOC; and cortisol) that appear to be credible candidate MIHs instead of or in addition to progestogens in some teleosts. Receptor-binding affinity assays, in vivo plasma monitoring of corticosteroids levels, in vitro testing of MIH activities on maturing ovarian follicles, and in vitro analysis of ovarian steroidogenesis products support that corticosteroids might be MIHs [START_REF] Baker | Cortisol profiles in sockeye salmon: Sample bias and baseline values at migration, maturation, spawning, and senescence[END_REF][START_REF] Milla | Corticosteroids: Friends or foes of teleost fish reproduction?[END_REF].

Starting with the receptor-binding affinity assays, an old study using the ovaries of spotted sea trout, Cynoscion nebulosus, revealed that corticosteroids such as the mineralocorticoid hormone DOC and, to a much lower extent, 11-DC, can bind to MIH receptors in vitro.

Interestingly, DOC was able to compete with THP and even outcompete DHP for the MIH receptor (Patiño and Thomas 1990a). Additionally, RU486, a molecule recognized for its antagonistic activity towards both progestogen and glucocorticoid receptors, has recently been shown to trigger GVBD without counteracting the effect of DHP [START_REF] Liu | Progestin and Nuclear Progestin Receptor Are Essential for Upregulation of Metalloproteinase in Zebrafish Preovulatory Follicles[END_REF]. This finding strengthens the link between corticosteroid receptors (CRs; mineralocorticoid and/or glucocorticoid receptors) and FOM, but further studies are required to determine whether the maturation-inducing activity of corticosteroids is mediated by either CRs or progestogen receptors. In any case, these findings strengthen the hypothesis that corticosteroids can act as MIHs instead of or in addition to the mentioned progestogens. Moving on to the in vivo and in vitro assays that were used to investigate the MIH activity of corticosteroids, these provide several evidences on the MIH activity of corticosteroids.

11-deoxycortisol (11-DC)

In the cyprinid Alburnis tarichi caught in lakes, the plasma levels of 11-DC (≈ 3.8 ng/ml) were found to significantly surpass the levels of both progestogens (DHP and THP) during FOM before the migration of germinal vesicles. When this corticosteroid was tested alongside the two progestogens DHP and THP in vitro, it induced GVBD at a much lower dose than the progestogens (Ünal et al., 2008). Notably, in vitro activity of 11-DC on GVBD has been previously exhibited in other species, such as the catfish Heteropneustes fossilis Bloch and yellow perch, at high doses of 500 ng/ml and 5000 ng/ml [START_REF] Goswami | Effects of C18, and C21 steroids in vitro maturation of oocytes of the catfish, Heteropneustes fossilis (Bloch)[END_REF][START_REF] Goetz | The Effects of Steroids on Final Maturation and Ovulation of Oocytes from Brook Trout (Salvelinus fontinalis) and Yellow Perch (Perca flavescens)[END_REF], respectively. However, 11-DC is effective at a much lower dose (20 ng/ml) in yellowfin porgy [START_REF] Jeng | 17,20β,21-Trihydroxy-4-pregnen-3-one biosynthesis and 20β-hydroxysteroid dehydrogenase expression during final oocyte maturation in the protandrous yellowfin porgy, Acanthopagrus latus[END_REF].

11-deoxycorticosterone (DOC)

Another corticosteroid, DOC, also induces oocytes to mature at 5000 ng/ml in catfish [START_REF] Goswami | Effects of C18, and C21 steroids in vitro maturation of oocytes of the catfish, Heteropneustes fossilis (Bloch)[END_REF] and provokes GVBD at 100 ng/ml in yellow perch [START_REF] Goetz | The Effects of Steroids on Final Maturation and Ovulation of Oocytes from Brook Trout (Salvelinus fontinalis) and Yellow Perch (Perca flavescens)[END_REF]. However, recent in vitro assays conducted at the beginning of FOM in wild or captive Eurasian perch have revealed that the DHP productions are decreased by DOC and that DOC is not capable to induce GVBD at physiological doses [START_REF] Mandiki | Corticosteroids deeply depress the in vitro steroidogenic capacity of Eurasian perch ovary at the end of the reproductive cycle[END_REF][START_REF] El Mohajer | In vitro follicle culture shows that progestagens are the maturation-inducing hormones (MIH) and possible regulators of the ovulation-mediating hormone PGE2 in female Eurasian perch Perca fluviatilis[END_REF], which seems to be quite contradictory to the maturation-inducing activity of DOC recorded for yellow perch, a species phylogenetically close to Eurasian perch. This contradiction raises the question of whether variations exist among close species in the identities of corticosteroids such as DOC as either putative MIHs or inhibitors of FOM.

The contradiction might be linked to the dose-dependent action of a steroid, as has been depicted in Alburnis tarichi, in which a fivefold elevation in the dose of 11-DC (1000 ng/ml) reverses the stimulatory effect of 11-DC on GVBD (Ünal et al., 2008). We may thus hypothesize that the inhibitory or null effect of DOC is likely reversed to a rather stimulatory effect at higher doses. Indeed, the active dose of a corticosteroid must be maintained at a proper level for the corticosteroid to play its proper physiological role [START_REF] Zhang | Zebrafish cyp11c1 Knockout Reveals the Roles of 11-ketotestosterone and Cortisol in Sexual Development and Reproduction[END_REF].

But in the case of DOC, the in vitro effective doses are higher than physiological levels [START_REF] Milla | Corticosteroids: Friends or foes of teleost fish reproduction?[END_REF]. Altough it is unreasonable to definitively eliminate DOC as an MIH in some teleosts, stimulatory effects on FOM or DHP production are thus still expected at low doses.

Cortisol

Among corticosteroids, cortisol is the most strongly suspected to be involved in FOM, as it has been the subject of greater focus than other corticosteroids in in vitro assays conducted on several teleosts. Perhaps the first evidence to support the involvement of corticosteroids such as cortisol in reproduction, and specifically in FOM, was evidence related to the effects of stress on reproduction and FOM. The corticosteroid most strongly linked to stress and linked to reproduction by the greatest number of published studies is cortisol [START_REF] Gennotte | Cortisol is responsible for positive and negative effects in the ovarian maturation induced by the exposure to acute stressors in Nile tilapia, Oreochromis niloticus[END_REF][START_REF] Small | Effect of dietary cortisol administration on growth and reproductive success of channel catfish[END_REF]. Table 2 shows documented in vivo plasma cortisol levels coinciding with the final stages of the reproductive cycle in some teleosts. According to this table, studies on coho salmon, Oncorhynchus kisutch, and goldfish provide the best examples of in vivo cortisol levels that are higher than or in the range of in vitro active doses. Nevertheless, similar to what has been deduced for progestogens, the two types of assays (in vitro and in vivo) might contradict in that the measured in vivo cortisol levels might be significantly lower than the in vitro active dose of the hormone. In white sturgeon, cortisol has been revealed to be able to induce GVBD in vitro starting from a dose of only 480 ng/ml within a minimum of 14 hr of incubation [START_REF] Webb | Effects of steroid hormones on in vitro oocyte maturation in white sturgeon (Acipenser transmontanus)[END_REF]. In another study, when this species was treated with carp pituitary homogenate to provoke GVBD, the in vivo plasma levels of all corticosteroids combined increased to a maximum of 150 ng/ml in fish that successfully reached the GVBD stage [START_REF] Lutes | Morpho-physiological Predictors of Ovulatory Success in White Sturgeon, Acipenser trtznsmontanus Richardson[END_REF]. The in vitro findings showing cortisol as an MIH in sturgeon would thus be put into question following the above in vivo findings. Perhaps the best examples of the extent to which in vivo studies fail to support in vitro results suggesting corticosteroid as an MIH have been obtained in catfish. In this species, the plasma cortisol level measured around spawning is 100 ng/ml, which is tenfold less than the effective dose needed to induce FOM in vitro (Table 2). Such evidence should be enough to indicate that cortisol is not an MIH in this fish. Nevertheless, the circulating levels of cortisol in teleosts, often in the range of tens or even hundreds of ng/ml, are comparable to doses often found to induce GVBD in some species (Table 2).

Metabolic evidence may also support the identity of cortisol as an MIH. For instance, in zebrafish, in which plasma cortisol levels are usually high, with a minimum level of 1250 ng/ml at FOM [START_REF] Shang | Steroidogenic acute regulatory protein and luteinizing hormone are required for normal ovarian steroidogenesis and oocyte maturation in zebrafish †[END_REF], mutation of the gene 11 beta hydroxylase, a key enzyme in cortisol production, fails to promote GVBD [START_REF] Zhang | Zebrafish cyp11c1 Knockout Reveals the Roles of 11-ketotestosterone and Cortisol in Sexual Development and Reproduction[END_REF]. Together, the findings of these two recent studies provide strong evidence of the involvement of cortisol in FOM occurrence in this species. Additionally, comparisons of in vivo plasma cortisol levels between males and females during critical reproductive periods may support the assumption that cortisol is an MIH. Such evidence has been obtained in several studied species of Pacific salmon (Oncorhynchus spp.), in which the plasma cortisol levels in females have been found to be much higher than those in males, especially at spawning [START_REF] Baker | Injuries from Non-Retention in Gillnet Fisheries Suppress Reproductive Maturation in Escaped Fish[END_REF]. These findings reflect possible roles for cortisol in female FOM and spawning, as has been reported in much earlier studies [START_REF] Jalabert | In Vitro Oocyte Maturation and Ovulation in Rainbow Trout (Salmo gairdneri), Northern Pike (Esox lucius), and Goldfish (Carassius auratus)[END_REF][START_REF] Bry | Plasma Cortisol Levels of Female Rainbow Trout (Salmo gairdneai) at the End of the Reproductive Cycle: Relationship with Oocyte Stages[END_REF][START_REF] Baker | Cortisol profiles in sockeye salmon: Sample bias and baseline values at migration, maturation, spawning, and senescence[END_REF].

All the mentioned information regarding the high plasma levels or in vitro FOM-inducing activity of cortisol around FOM and ovulation allow us to consider accepting cortisol as potential MIHs in some species. However, two observations lead us to criticize its physiological mechanism of action as classical MIH. On the one hand, cortisol has been shown to be one of the most vulnerable corticosteroids to mechanical or environmental stresses similar to those encountered in fish farms [START_REF] Faltermann | Effects of the glucocorticoid clobetasol propionate and its mixture with cortisol and different class steroids in adult female[END_REF][START_REF] Milla | Corticosteroids and the Stress Response in Percid Fish[END_REF].

On the other hand, reproductive dysfunctions often recorded in fish raised in captivity are more severe in female broodstocks than in male broodstocks and are associated with FOM, ovulation and spawning [START_REF] Alvarado | Changes in plasma steroid hormones and gonadal histology associated with sexual maturation in wild southern hake (Merluccius australis)[END_REF]. Taking both observations into account, it is reasonable to relate the resulting asynchronous ovulation and other reproductive failures to the disturbed cortisol levels. Hence, the hypothesis that cortisol is an MIH is limited by the possibility that abnormal stress-induced cortisol release might affect FOM or ovulation indirectly by affecting the signal transduction pathway leading to the release of the MIH rather than by directly mediating its effect as an MIH [START_REF] Baker | Cortisol profiles in sockeye salmon: Sample bias and baseline values at migration, maturation, spawning, and senescence[END_REF][START_REF] Mandiki | Corticosteroids deeply depress the in vitro steroidogenic capacity of Eurasian perch ovary at the end of the reproductive cycle[END_REF]. Cortisol thus mediates the stress-coping mechanisms in these species while probably causing some cases of reproductive failure.

6-Nonclassical MIHs

In addition to classical MIHs (mainly DHP and THP) and other strongly suspected steroids, such as corticosteroids, some other hormones have been shown to exert stimulatory or inhibitory effects on the induction of FOM. Other sex steroids are regulators of FOM even if their potency is lower than that of progestogens. Estrogens have long been suspected to be ineffective in the regulation of FOM [START_REF] Nagahama | Regulation of oocyte maturation in fish: Regulation of oocyte maturation in fish[END_REF][START_REF] Skoblina | In vitro stimulation of oocyte ovulation in teleosts by gonadotropic and steroid hormones[END_REF]. However, more recently, they have been shown to inhibit the entry of oocytes into the FOM stage in vitro in a range of fish species (Pang andThomas 2009, 2010;[START_REF] Majumder | G-protein coupled estrogen receptor (GPER) inhibits final oocyte maturation in common carp, Cyprinus carpio[END_REF][START_REF] Das | Releasing prophase arrest in zebrafish oocyte: synergism between maturational steroid and Igf1[END_REF]. This inhibitory role is consistent with the low circulating levels of E2 at the time of FOM, as the levels of this hormone drop at the end of the vitellogenesis stage. This drop corresponds to a shift towards testosterone (T) production, which is known to be involved in the final stages [START_REF] Nagahama | Regulation of oocyte maturation in fish: Regulation of oocyte maturation in fish[END_REF]. It has been suggested that androgens may play roles during FOM in fish. Circulating T levels vary markedly during the final maturation stage in female teleosts [START_REF] Mylonas | Reproductive biology and endocrine regulation of final oocyte maturation of captive white bass[END_REF]. In addition, in contrast to E2, T is an inducer of FOM, although pharmacological doses are often necessary to observe in vitro triggering of GVBD [START_REF] Goetz | In vitro steroid stimulation of final maturation in oocytes of rock bass (Ambloplites rupestris) (*)[END_REF][START_REF] Nagahama | Regulation of oocyte maturation in fish: Regulation of oocyte maturation in fish[END_REF][START_REF] Das | In vitro induction of oocyte maturation and steroidogenesis by gonadotropins, insulin, calcitonin and growth factor in an estuarine flat head grey mullet, Mugil cephalus L[END_REF]. The anti-androgen CPA dramatically inhibits the in vitro LH-induced oocyte maturation and MIH synthesis in trout [START_REF] Rime | Effects of the antiandrogen cyproterone acetate (CPA) on oocyte meiotic maturation in rainbow trout (Oncorhynchus mykiss)[END_REF], which strengthens the link between the androgenic pathway and FOM mechanisms.

Prostaglandins (PGs) also display some MIH activities, which explains why their precursor arachidonic acid (ARA) is of primary importance in the quality of fish reproduction. Through in vitro tests, PGF2 alpha and PGE2 have recently been shown to induce FOM in a wide range of teleost fish species [START_REF] Skoblina | Hormone-induced in vitro maturation and ovulation of Danio rerio oocytes and production of eggs capable of fertilization and futher development[END_REF][START_REF] Kim | Effect of Prostaglandins on in vitro Oocyte Final Maturation (GVBD) and Ovulation in the Longchin Goby Chasmichthys dolichognathus[END_REF][START_REF] Takahashi | Prostaglandins in teleost ovulation: A review of the roles with a view to comparison with prostaglandins in mammalian ovulation[END_REF]). However, similar to the case for T, doses in the range of µg/ml are sometimes necessary to provoke FOM in vitro [START_REF] Skoblina | Hormone-induced in vitro maturation and ovulation of Danio rerio oocytes and production of eggs capable of fertilization and futher development[END_REF], which raises the question of whether the effect on FOM is direct or indirect. Indeed, the finding that a prostaglandin can induce DHP production in longchin Gobby Chasmichthys dolichognathus (e.g. [START_REF] Baek | Prostaglandin affects in vitro ovulation and 17α, 20β-Dihydroxy-4-pregnen-3-one production in longchin goby, Chasmichthys dolichognathus oocytes[END_REF] raised the possibility that PGs effects on FOM induction are mediated through the production of the progestogens DHP and THP. Conversely, in Eurasian perch, DHP induced the in vitro production of PGE2 in maturing follicles which highlight the strong bilateral link between DHP and prostaglandins [START_REF] El Mohajer | In vitro follicle culture shows that progestagens are the maturation-inducing hormones (MIH) and possible regulators of the ovulation-mediating hormone PGE2 in female Eurasian perch Perca fluviatilis[END_REF]. Otherwise, given the capacity of PGs to be effective at low doses (from 1 to 10 ng/ml) in vitro in other studies [START_REF] Sorbera | Effects of Polyunsaturated Fatty Acids and Prostaglandins on Oocyte Maturation in a Marine Teleost, the European Sea Bass (Dicentrarchus labrax)1[END_REF][START_REF] Joy | Functional interactions between vasotocin and prostaglandins during final oocyte maturation and ovulation in the catfish Heteropneustes fossilis[END_REF], we cannot rule out any direct effect of PGs on FOM induction, primarily because the circulating levels of PGs in the plasma of fish in the peri-ovulation stage are within the ranges of the mentioned effective doses, at least in goldfish and brook trout (Cetta and [START_REF] Cerdà | Serotonin inhibition of steroid-induced meiotic maturation in the teleost Fundulus heteroclitus: Role of cyclic AMP and protein kinases[END_REF][START_REF] Sorensen | High levels of circulating prostaglandin F2α associated with ovulation stimulate female sexual receptivity and spawning behavior in the goldfish (Carassius auratus)[END_REF]. This direct effect may be mediated through gonadotropin action as the effect of PGE2 on the FOM induction is hCG-dependent [START_REF] Sorbera | Effects of Polyunsaturated Fatty Acids and Prostaglandins on Oocyte Maturation in a Marine Teleost, the European Sea Bass (Dicentrarchus labrax)1[END_REF]. Altogether, the evidence indicates that while the roles of PGs have long been attributed to ovulation, the existence of a direct effect on GVBD induction cannot be excluded during this time period. Many more interspecies studies are needed to draw conclusions about the ability of PGs to induce oocyte maturation in teleosts.

The third category of hormones that are likely to directly regulate FOM includes the monoamines. The roles of monoamines in teleost fish reproduction have been thoroughly reviewed and are related to many stages of the reproductive cycle, with strong interference with the gonadotropin axis [START_REF] Prasad | Role of serotonin in fish reproduction[END_REF]. Among the monoamines, serotonin and melatonin exhibit local actions targeting the ovaries; notably, they regulate FOM. However, unlike that of the hormones in the abovementioned categories, the involvement of these hormones appears to differ depending on the fish species. Serotonin has been shown to be a stimulator of FOM in vitro in the medaka (Oryzias latipes) in the range of 10-100 ng/ml, and the stimulation is accompanied by hypersecretion of DHP [START_REF] Iwamatsu | Effect of 5-Hydroxytryptamine on Steroidogenesis and Oocyte Maturation in Pre-ovulatory Follicles of the Medaka Oryzias latipes[END_REF]. In contrast, serotonin has been shown to be an inhibitor of induced FOM in vitro in salt marsh killifish [START_REF] Cerdà | Serotonin inhibition of steroid-induced meiotic maturation in the teleost Fundulus heteroclitus: Role of cyclic AMP and protein kinases[END_REF]. This discrepancy could be due to the level of DHP released in the culture medium, as serotonin at 100 pg/ml stimulates FOM, while it inhibits DHP action [START_REF] Chattoraj | Influence of serotonin on the action of melatonin in MIH-induced meiotic resumption in the oocytes of carp Catla catla[END_REF]. Similar to that of serotonin, the status of melatonin as an MIH remains unclear.

While melatonin may also be an effective MIH in carp (Catla catla) and zebrafish at 100 pg/ml in vitro [START_REF] Carnevali | Melatonin Induces Follicle Maturation in Danio rerio[END_REF][START_REF] Chattoraj | Influence of serotonin on the action of melatonin in MIH-induced meiotic resumption in the oocytes of carp Catla catla[END_REF], it seems to be ineffective in other fish species (e.g. [START_REF] Chattoraj | Melatonin accelerates maturation inducing hormone (MIH): induced oocyte maturation in carps[END_REF]. In addition to direct effects, indirect effects cannot be totally excluded. In carp, for instance, it has been revealed that in vitro incubation of oocytes with melatonin for four hours prior to the addition of the MIH to the medium accelerates the action of the MIH by accelerating the formation of maturation-promoting factor (MPF) to induce GVBD [START_REF] Maitra | Melatonin: A potent candidate in the regulation of fish oocyte growth and maturation[END_REF].

Finally, the somatotropic hormones insulin-like growth factor (IGF) and growth hormone (GH) have been demonstrated to efficiently regulate FOM in some teleosts. In some species, GH, IGF-I or IGF-II triggers GVBD in vitro [START_REF] Sarang | Effect of piscine GH/IGF-I on final oocyte maturation in vitro in Heteropneustes fossilis[END_REF][START_REF] Das | In vitro induction of oocyte maturation and steroidogenesis by gonadotropins, insulin, calcitonin and growth factor in an estuarine flat head grey mullet, Mugil cephalus L[END_REF][START_REF] Li | IGFs Mediate the Action of LH on Oocyte Maturation in Zebrafish[END_REF]. While IGF-1 mostly optimizes maturational competence, i.e., the ability to respond to an MIH, in white perch [START_REF] Weber | In vitro actions of insulin-like growth factor-I on ovarian follicle maturation in white perch (Morone americana)[END_REF], IGF-3 may also mediate LH action on FOM or act synergistically with DHP to overcome the E2 inhibition of FOM, as shown in vitro in zebrafish oocytes [START_REF] Das | Releasing prophase arrest in zebrafish oocyte: synergism between maturational steroid and Igf1[END_REF][START_REF] Li | IGFs Mediate the Action of LH on Oocyte Maturation in Zebrafish[END_REF]. Contrary to those of IGF, the mechanisms of action of GH on FOM induction remain unexplained. In both cases, the doses used in the biological tests performed to investigate some mechanisms have been in the range of 25 nM-2 µM [START_REF] Das | In vitro induction of oocyte maturation and steroidogenesis by gonadotropins, insulin, calcitonin and growth factor in an estuarine flat head grey mullet, Mugil cephalus L[END_REF][START_REF] Li | IGFs Mediate the Action of LH on Oocyte Maturation in Zebrafish[END_REF][START_REF] Weber | In vitro actions of insulin-like growth factor-I on ovarian follicle maturation in white perch (Morone americana)[END_REF]. The use of such high doses compared with the physiological concentrations in the plasma or ovarian fluid prevents us from making firm conclusions about the direct physiological actions on FOM events.

7-Overview of MIH detection methods with major emphasis on the most common in vitro assay and its optimization

In vivo monitoring of MIH fluctuations

As depicted in the previous sections, in vivo plasma measurements of physiological concentrations of sex steroids have been ultimately utilized to investigate the possible roles for these steroids in fish reproduction and particularly to detect MIHs during FOM. However, they display two major limitations. The first is that changes in circulating hormone levels during FOM do not formally demonstrate that a hormone is an MIH. Second, as blood sampling itself can be a source of stress, the plasma levels of some stress-sensitive hormones as cortisol in fish may not reflect the actual plasma hormonal kinetics [START_REF] Bertotto | Alternative matrices for cortisol measurement in fish[END_REF].

Therefore, alternative cortisol measurement assays are being developed to allow more accurate assessment of natural fish cortisol secretion [START_REF] Sadoul | Measuring cortisol, the major stress hormone in fishes[END_REF]. All attempts nevertheless remain to allow caution when interpreting in vivo plasma level fluctuations as evidence for a potent endocrine role in reproduction. In all cases, this descriptive approach may complement an experimental approach that involves administration of the hormone followed by evaluation of its effects on FOM induction. The different methods of MIH administration may range between the injection of the MIH into the muscles or peritoneal cavity of the fish and the direct administration of the hormone into the water containing the fish [START_REF] El Mohajer | In vitro follicle culture shows that progestagens are the maturation-inducing hormones (MIH) and possible regulators of the ovulation-mediating hormone PGE2 in female Eurasian perch Perca fluviatilis[END_REF][START_REF] Tokumoto | In Vivo Induction of Oocyte Maturation and Ovulation in Zebrafish[END_REF]. However, direct hormonal injection imposes risks of unresponsiveness to treatment or injuries to the fish which can affect the success of confirming the MIH identity. Concerns also rise with regards to the effects of hormonal administration into water despite the advantage of its rapid effect [START_REF] Adeel | Environmental impact of estrogens on human, animal and plant life: A critical review[END_REF][START_REF] Tokumoto | In Vivo Induction of Oocyte Maturation and Ovulation in Zebrafish[END_REF]. Therefore, alternative methods as Ovarian lavage is otherwise proposed in some fish species [START_REF] Müller | Novel method for induced propagation of fish: Sperm injection in oviducts and ovary/ovarian lavage with sperm[END_REF]. In pikeperch, ovarian lavage with carp pituitary extract proved to be 10% more successful at inducing ovulation than the commonly used intramuscular injection [START_REF] Németh | Induction of ovulation in the Pikeperch (Sander lucioperca L.) by ovarian lavage[END_REF]. Indeed, the methodology of ovarian lavage only requires the insertion of a catheter which induces much less discomfort to the animal by comparison to the commonly used intramuscular or peritoneal injections whilst resulting in higher outcome success of the same hormonal treatment. Above all, the considerable advantage of these in vivo explorations is that the integrity of the fish is conserved at the organ, tissue, cellular and molecular levels. The latter advantage still cannot compensate for the limitations concerning the accuracy of frequent in vivo assays due the stress factors mentioned above and considerable time investments, labor, cost, difficulty, and ethical considerations associated with animal maintenance in the laboratory throughout the in vivo experimental period [START_REF] Beitel | Assessment of the sensitivity of three North American fish species to disruptors of steroidogenesis using in vitro tissue explants[END_REF]. Hence, direct in vitro application of hormonal agents that are suspected to play roles in FOM has been widely used for the last 40 years as an attempt to validate the roles of these agents as MIHs. In this section, we will list some of the commonly used in vitro bioassays for MIH detection while focusing on the most commonly used one and the practices that can optimize it.

Characterization of the ligand-receptors interactions

Similar to in vivo assays, in vitro molecular assays can serve for the detection of MIH and/or MIH receptors. Starting with the less frequently used, cytoplasm microinjection involves the direct injection of intact oocytes with MIH [START_REF] Torres | In vitro steroid-induced meiosis in Rhinella arenarum oocytes: role of pre-MPF activation[END_REF]. However, due to the fact that an MIH usually follows a membrane-receptor mediated intracellular action, this in vitro assay was proven to be a failure. In fact, this assay helped further confirm that an MIH action is usually mediated through cell surface receptors [START_REF] Thomas | Rapid steroid hormone actions initiated at the cell surface and the receptors that mediate them with an emphasis on recent progress in fish models[END_REF]. As such, isolation of membrane MIH receptors have been developed for identifying the MIH through the molecular characterization of these receptors [START_REF] Zhu | Cloning, expression, and characterization of a membrane progestin receptor and evidence it is an intermediary in meiotic maturation of fish oocytes[END_REF]. Notably, ovarian membrane suspensions incubated with the putative MIH were used to compare the binding affinities of the potential ligands to MIH membrane receptors (e.g. [START_REF] King | A Receptor for the Oocyte Maturation-Inducing Hormone 17a,201,21-Trihydroxy-4-Pregnen-3-One on Ovarian Membranes of Striped Bass[END_REF]. Conversely, photoaffinity labeling combined with immunochemical detection, using oocyte membrane fractions incubated with radioactive MIH analogues, are proposed in starfish to isolate the membrane receptors [START_REF] Toraya | Immunophotoaffinity labeling of binders of 1-methyladenine, the oocyte maturation-inducing hormone of starfish[END_REF] and it may be possibly utilized in teleosts. With such membrane isolation, electrophysiological studies have been also proven to be effective in revealing the MIH effects [START_REF] Marshall | Electrophysiology of oocytes during meiotic maturation and after ovulation in brook trout (Salvelinus fontinalis)[END_REF]. However, it might be unfair to definitely exclude the nuclear progestogen receptors from the FOM mechanisms. For instance, their gene expression increases during FOM in zebrafish and their gene knockout suggest their implication in the final stages, especially in the ovulatory event [START_REF] Tang | Gene knockout of nuclear progesterone receptor provides insights into the regulation of ovulation by LH signaling in zebrafish[END_REF]. If the involvement of nuclear progestogen receptors in the FOM remains to be demonstrated in fish [START_REF] Hanna | Characterization and Expression of the Nuclear Progestin Receptor in Zebrafish 25 Gonads and Brain[END_REF][START_REF] Tang | Gene knockout of nuclear progesterone receptor provides insights into the regulation of ovulation by LH signaling in zebrafish[END_REF], appealing to transactivation studies of these receptors after appropriate transfection in cell lines may be a future guide to discover the most potent endogenous agonists to activate these receptors [START_REF] Hanna | Characterization and Expression of the Nuclear Progestin Receptor in Zebrafish 25 Gonads and Brain[END_REF]. Once the profile of progestogen receptors involved in FOM is validated, pharmacological approaches using chemicals as agonists or antagonists of these receptors can also be useful to define the chemical structure of the active ligands and thus to propose potential MIH [START_REF] Rezanujjaman | An agonist for membrane progestin receptor (mPR) induces oocyte maturation and ovulation in zebrafish in vivo[END_REF][START_REF] Tang | Gene knockout of nuclear progesterone receptor provides insights into the regulation of ovulation by LH signaling in zebrafish[END_REF].

In vitro biological test of follicle incubation to discover the MIH One of the most rapid and less complex in vitro MIH detection assay remains to be the direct administration of the hormones suspected to be the MIHs into culture media containing intact maturing follicles. The activity of this MIH would then be assessed according to its impact on the advancement of oocytes through the FOM leading to their ovulation. Most notable advantage of such in vitro assay includes the possibility of testing quickly and efficiently a wide range of hormonal treatments. Still, there are different ways to further optimize this type of in vitro assays. First, the sensitivity of oocytes to in vitro treatments varies according to the stage of morphological maturation of the oocytes, such as the migration status of the nucleus, under treatment [START_REF] Baek | Prostaglandin affects in vitro ovulation and 17α, 20β-Dihydroxy-4-pregnen-3-one production in longchin goby, Chasmichthys dolichognathus oocytes[END_REF]. Hence, detection of an MIH necessitates that oocytes are at a stage early enough to give an unbiased and fair reflection of the putative effect of the in vitro-applied MIH but late enough to be sensitive to this applied MIH. In many studies, great care has been taken to classify the different stages of FOM in different teleosts. These classifications aim to enable detection of the initial stage at which the MIH can be adequately tested. In zebrafish, as in most teleosts, adoption of a translucent appearance by follicles is live evidence of the transition to FOM [START_REF] Sintaha | in vitro culture of zebrafish early stage ovarian follicles and various applications[END_REF]. In sturgeon, the classification of FOM is based upon the distances between the nucleus and the animal/vegetal poles [START_REF] Chapman | Sturgeon Aquaculture-Specialized Techniques: Determining the Stage of Sexual Maturity in Female Sturgeon for Artificial Spawning: The Egg Maturation Assay[END_REF]. In Eurasian perch, a more advanced and specific classification system has been developed to detect oocytes during each of the maturation stages taking place during FOM. This classification system is based on the diameter, migration, positioning of Germinal vesicle (GV) and on observation of oil droplets (Żarski et al., 2011). Such FOM monitoring involving the surveillance of GVs and oil droplets is an improved strategy to accurately detect the different stages of FOM in various fish species.

In addition to the choice of the most reliable starting point for assessment of the putative activity of an MIH in vitro, the success of in vitro assays is reliant on optimization of the choice of culture medium, pH, osmolality, hormone dose adapted to the cellular content in the medium (e.g., density and sizes of follicles, denuded or intact follicles), and ideal duration of incubation to achieve useful results while avoiding a high risk of cytotoxicity. First, the medium in which oocytes are incubated with an MIH plays an important role in the success of MIH action. The most suitable culture medium might vary among species. For instance, for zebrafish, the most common culture medium is Leibovitz L-15 medium [START_REF] Sintaha | in vitro culture of zebrafish early stage ovarian follicles and various applications[END_REF]. For Eurasian perch, Cortland medium has been adapted as a reliable medium for assessment of MIH activity [START_REF] Henrotte | Arachidonic Acid Induces Production of 17,20β-Dihydroxy-4-pregnen-3-one (DHP) via a Putative PGE2 Receptor in Fish Follicles from the Eurasian Perch[END_REF][START_REF] Mandiki | Corticosteroids deeply depress the in vitro steroidogenic capacity of Eurasian perch ovary at the end of the reproductive cycle[END_REF]. The choice of the most reliable culture medium has been proven to be highly dependent on the osmolality of the medium [START_REF] Seki | Development of a reliable in vitro maturation system for zebrafish oocytes[END_REF]. Indeed, the medium should be isosmotic [START_REF] Silva | Production of live larvae following in vitro maturation of zebrafish oocytes[END_REF]. In a recent study performed on sturgeon, it was revealed that the percentage of oocytes that were successfully ovulated in vitro increased after the concentration of sodium bicarbonate in the culture medium was decreased. This study successfully highlighted the importance of optimizing the osmolality of the culture medium in order to optimize in vitro assays on maturation and ovulation [START_REF] Skoblina | Stimulation of in vitro oocyte ovulation by progesterone and homologous pituitary gonadotropic hormone in sturgeons[END_REF].

Aside from determination of the ideal composition of the culture medium, the use of various additives in this medium has been suggested to promote the activity of an MIH. Many previous reports have mentioned that hCG, an LH analog, increases MIH production [START_REF] Das | In vitro induction of oocyte maturation and steroidogenesis by gonadotropins, insulin, calcitonin and growth factor in an estuarine flat head grey mullet, Mugil cephalus L[END_REF]. In addition, other additives, such as transforming growth factor-β, transforming growth factor-α, epidermal growth factors, activin, and cyclin B, have also been suggested to optimize the performance of maturing follicles during in vitro assays. However, the efficiency of the additives, the medium pH and the incubation period are closely related, and it is believed that the relationship affects the optimization of the assays [START_REF] Sintaha | in vitro culture of zebrafish early stage ovarian follicles and various applications[END_REF].

Considerable attention should be given to optimization of the medium pH. It has been revealed in Atlantic croaker (Micropogonias undulatus) that alkaline conditions, similar to those of natural ovarian fluid, facilitate the in vitro maturation of oocytes [START_REF] Seki | Development of a reliable in vitro maturation system for zebrafish oocytes[END_REF].

One major element that should be adjusted with caution to facilitate the search for MIHs in vitro is the duration of incubation; this factor should be adjusted to accurately and optimally exhibit the efficiency of an MIH. In Persian sturgeon, the in vitro success of oocyte maturation was measured using the fertilization rate, which was revealed to decrease with increasing incubation duration [START_REF] Azarin | In vitro Assessment of Oocyte Maturation and Blood-Circulating Steroid Hormones in Persian Sturgeon (Acipenser Persicus) Spawning[END_REF]. On the other hand, the risk of cytotoxicity associated with increased durations of in vitro incubation in culture medium should be carefully considered. The term "cytotoxicity" refers to cell death resulting from toxicantinduced disruptions of cell membrane integrity and mitochondrial energy production, which is believed to result from prolonged periods of incubation [START_REF] Rehberger | In vitro or not in vitro: a short journey through a long history[END_REF]. Excessive cytotoxicity in culture medium may call into question the follicular receptivity to hormones and in turn the discovery of potential MIHs.

Several in vitro assay protocols for MIH detection propose defolliculation of oocytes in an attempt to reflect the solitary action of an MIH. As the two ovarian follicle layers in teleosts are involved in the production of MIHs such as DHP, some researchers prefer to separate the follicles to enable more credible assessment of the effects of MIH treatment. This is possible because, in several fish species, the oocytes host receptors for MIHs [START_REF] Nagahama | Regulation of oocyte maturation in fish: Regulation of oocyte maturation in fish[END_REF]. However, not separating follicles from oocytes provides the advantage of maintaining the integrity of whole follicles, thus enabling assessment of the follicle-oocyte interaction during FOM; it also enables the potential discovery of MIHs other than progestogens that need the presence of the follicular layers to act.

Finally, the hormone doses applied during in vitro incubation are of primary importance. As can be concluded from both Table 1 andTable 2, pharmacological doses of putative MIHs are sometimes used. The fact that these concentrations are completely different from the levels measured in the blood or in the ovarian fluid may call into question their involvement as MIHs. In contrast, a number of studies have shown effects at doses that are sufficiently low to be physiologically realistic for triggering of FOM in vivo. Comparisons of the in vitro effective doses and the circulating levels in vivo should thus be taken into consideration when a given hormone is considered as an MIH. The differences residing between the recorded hormonal levels in plasma and ovarian fluid should also be considered taking the example on the blue tang fish (Paracanthurus hepatus) in which the recorded plasma levels of DHP shown in Table 1 were found to be five-fold lower than its levels in ovarian fluid [START_REF] Sang | Changes in Plasma and Ovarian Steroid Hormone Level in Wild Female Blue Tang Fish Paracanthurus hepatus during a Reproductive Cycle[END_REF]. In this case, this latter should be taken into consideration when assessing the true MIH identity as the maturing oocytes are in more direct contact with the ovarian fluid than with the blood.

With all the conditions of the in vitro assays being optimized, the assays can enable hormonal tests that are difficult to perform in vivo. With the absence of animal ethics considerations as well, in vitro assays would be even more preferred over in vivo assays [START_REF] Rehberger | In vitro or not in vitro: a short journey through a long history[END_REF]. After all, the whole purpose from pointing out the most potent MIH is the attempt to optimize the direct hormone-induced spawning techniques using either corticosteroids, melatonin, PGs, or progestogens. In fish farms however, medication containing synthetic GnRH analogues associated or not with antagonists of dopamine receptors (e.g Ovaprim® or Ovopel®) or containing hCG, which follow the indirect upstream-FOM induction pathway, are the commonly used hormonal therapies for maturation and spawning induction [START_REF] Hoga | A review on the use of hormones in fish farming: Analytical methods to determine their residues[END_REF]. The reason for the unencouraged use of commercial progestogens as direct inducers of maturation and spawning is perhaps the documented unexpected deleterious effects of the human medication Levonorgestrel (LNG) or Drospirenone (DRSP) in fathead minnow (Pimephales promelas) [START_REF] Zeilinger | EFFECTS OF SYNTHETIC GESTAGENS ON FISH REPRODUCTION[END_REF][START_REF] Runnalls | From single chemicals to mixtures-Reproductive effects of levonorgestrel and ethinylestradiol on the fathead minnow[END_REF] and zebrafish [START_REF] Hua | The progestin levonorgestrel affects sex differentiation in zebrafish at environmentally relevant concentrations[END_REF]. The latter findings can possibly justify why fish farmers would rather use the commonly used indirect upstream-acting hormonal treatments over the proposed direct progestogen hormonal treatments.

In conclusion, both in vitro and in vivo assays will be crucial in further studies to confirm whether a certain hormone can be validated as true MIHs. Additionally, deeper investigation on the application of readily available synthetic true MIHs which possess direct positive effects on fish FOM are further required. [START_REF] Asturiano | Hormonal regulation of the European sea bass reproductive cycle: an individualized female approach[END_REF][START_REF] Sorbera | In vitro oocyte maturation in the sea bass: effects of hCG, pituitary extract and steroids[END_REF]) [START_REF] Rocha | Plasma levels of C18-, C19-and C21-steroids in captive and feral female sea bass[END_REF][START_REF] Sorbera | In vitro oocyte maturation in the sea bass: effects of hCG, pituitary extract and steroids[END_REF] Striped [START_REF] Migaud | Synthesis of sex steroids in final oocyte maturation and induced ovulation in female Eurasian perch, Perca fluviatilis[END_REF][START_REF] Noaksson | Gonad development and plasma steroid profiles by HRGC/HRMS during one reproductive cycle in reference and leachate-exposed female perch (Perca fluviatilis)[END_REF][START_REF] Sulistyo | Reproductive cycle and plasma levels of sex steroids in female Eurasian perch Perca fluviatilis[END_REF] ( 

9-Table Captions

Salmonidae

Amago salmon

Oncorhynchus rhodurus DHP 10 50 GVBD [START_REF] Nagahama | Relative in Vitro Effectiveness of 17a,20/3-Dihydroxy-4-pregnen-3-one and Other Pregnene Derivatives on Germinal Vesicle Breakdown in Oocytes of Ayu (Plecoglossus altivelis), Amago Salmon (Oncorhynchus rhodurus), Rainbow Trout (Salmo gairdneri), and Goldfish (Carassius auratus)[END_REF][START_REF] Young | Plasma 17α,20βdihydroxy-4-pregnen-3-one levels during sexual maturation of amago salmon (Oncorhynchus rhodurus): Correlation with plasma gonadotropin and in vitro production by ovarian follicles[END_REF] 

Rainbow trout

Oncorhynchus mykiss DHP 10-40 70-380 GVBD|OV [START_REF] Espinosa | Comparing Sex Steroid Levels During the Annual Cycles of Rainbow Trout (Oncorhynchus mykiss) Diploid Female (XX) and Triploid Female (XXX) Genotypic Sex: Steroid Levels in XX and XXX Females of Oncorhynchus Mykiss[END_REF][START_REF] Milla | Hydration of rainbow trout oocyte during meiotic maturation and in vitro regulation by 17,20 -dihydroxy-4-pregnen-3one and cortisol[END_REF][START_REF] Nagahama | Relative in Vitro Effectiveness of 17a,20/3-Dihydroxy-4-pregnen-3-one and Other Pregnene Derivatives on Germinal Vesicle Breakdown in Oocytes of Ayu (Plecoglossus altivelis), Amago Salmon (Oncorhynchus rhodurus), Rainbow Trout (Salmo gairdneri), and Goldfish (Carassius auratus)[END_REF][START_REF] Scott | Plasma levels of sex steroids in relation to ovulation and spermiation in rainbow trout (Salmo gairdneri)[END_REF] [START_REF] Lamba | Circannual and Circadian Variations in Plasma Levels of Steroids (Cortisol, Estradiol-17p, Estrone, and Testosterone) Correlated with the Annual Gonadal Cycle in the Catfish, Heteropneustes fossilis (Bloch)[END_REF][START_REF] Sundararaj | Some Aspects of Oocyte Maturation in Catfish[END_REF])

Ictaluridae

Channel catfish Ictalurus punctatus ---6.6 SP [START_REF] Small | Effect of dietary cortisol administration on growth and reproductive success of channel catfish[END_REF])

Moronidae

European bass Dicentrarchus labrax ---60 (ferral) 90 (captive) SP [START_REF] Rocha | Plasma levels of C18-, C19-and C21-steroids in captive and feral female sea bass[END_REF])

Percidae

Eurasian perch Perca fluviatilis ---550 SP [START_REF] Noaksson | Reproductive status in female perch (Perca fluviatilis) outside a sewage treatment plant processing leachate from a refuse dump[END_REF] Eurasian ruffe Gymnocephalus cernuus 1000~ ---GVBD [START_REF] Sorensen | Evidence that 4pregnen-17,20β,21-triol-3-one functions as a maturation-inducing hormone and pheromonal precursor in the percid fish, Gymnocephalus cernuus[END_REF] Yellow perch Perca flavescens 10 000 ---GVBD [START_REF] Goetz | The Effects of Steroids on Final Maturation and Ovulation of Oocytes from Brook Trout (Salvelinus fontinalis) and Yellow Perch (Perca flavescens)[END_REF])

Pleuronectidae

European plaice

Pleuronectes platessa ---147 SP [START_REF] Wingfield | Seasonal Changes in Plasma Cortisol, Testosterone and Oestradiol-17p in the Plaice, Pleuronectes platessa[END_REF]) 

  al., 2014) DHP:17, THP: 17,20β,, P: Progesterone, 17OHP: 17α-hydroxyprogesterone * effect was studied but levels were not shown ---absence of records + values recorded when plasma level Peaked twice **levels after injection of fish or priming of cells with hCG ~ Low recorded plasma values with no peak at all

Figure 1

 1 Figure 1 Endocrinological route of MIH release and the environmental and paracrine factors controlling this release with brief representation of the mode of action of an MIH

Table 1

 1 In vivo progestogens concentrations in unstressed fish during the peri-ovulatory period and the minimal efficient progestogen doses to in

	vitro induce the final oocyte maturation (FOM), ovulation (OV), germinal vesicle breakdown (GVBD) and spawning (SP) for different families
	of teleost.							
	Family	Specie	Latin name	Progestogens	In vitro	In vivo	Maturational stage	Reference
					Concentration	Concentration	Reached	
					(ng/ml)	(ng/ml)		
	Acanthuridae	Blue Tang Fish	Paracanthurus hepatus	DHP	---	0.2-0.24	SP	(Sang et al., 2019)
		White sturgeon	Acipenser	P	62	*	FOM	(Lutes, 1985; Webb et al., 2002)
			transmontanus	DHP	31	0.35	GVBD|SP	
	Acipenseridae	Persian sturgeon	Acipenser persicus	DHP	1000	---	FOM	(Azarin et al., 2016; Khara et al.,
				P	---	0.03		2014)
		Starry surgeon	Acipenser stellatus Pallas	P	---	1.2	OV	(Barannikova et al., 2002)
		Sterlet sturgeon		P	30	40	GVBD	(Azarin et al., 2020;
			Acipenser ruthenus					Mohammadzadeh et al., 2020;
				DHP	1000	---	OV	Skoblina and Goncharov, 2012)
		Siberian sturgeon	Acipenser baeri	DHP	1000	---	GVBD|OV	(Azarin et al. 2020)
	Anguillidae	Japanese eel	Anguilla japonica	DHP	100	<0.05	FOM|OV	(Abe et al., 2010; Kim et al.,
								2007)
	Centrarchidae	Rock bass	Ambloplites rupestris	DHP	0.5-2.0	---	GVBD	(Goetz and Cetta, 1985)
	Clupeidae	Indian shad	Tenualosa ilisha	DHP	---	3.76|4.6 +	FOM	(Pramanick et al., 2013)
		Zebrafish	Danio rerio	DHP	3.15	---	GVBD|OV	(Tokumoto et al. 2011)
				17OHP	1000	0.19		
	Cyprinidae	Chalcalburnus tarichi	Chalcalburnus tarichi				GVBD|SP	(Ünal et al., 2008)
				THP	1000	0.26		
		Caspian Kutum	Rutilus frisii kutum	17OHP	---	4		(Heidari et al., 2010)
							FOM	
				P	---	2.6		
		Goldfish	Carassius auratus	DHP	100	1-10**	GVBD|FOM	(Nagahama et al., 1983; Wu et al.,
								2020)
				DHP	1	0.5		
	Labridae	Kyusen Wrasse	Halichoeres poecilopterus				GVBD|OV	(Matsuyama et al., 2002)
				THP	1	0.7		
				THP	10	1.4	FOM	
		European seabass	Dicentrarchus labrax					
	Moronidae							
				DHP	10	40	FOM|SP	
						(feral fish)		

  [START_REF] El Mohajer | In vitro follicle culture shows that progestagens are the maturation-inducing hormones (MIH) and possible regulators of the ovulation-mediating hormone PGE2 in female Eurasian perch Perca fluviatilis[END_REF] 

				DHP	10	---		
		Eurasian ruffe	Gymnocephalus cernuus				GVBD	(Sorensen et al., 2004)
				THP	10	3**		
	Plecoglossidae	Ayu	Plecoglossus altivelis	DHP	10	---	GVBD	(Nagahama et al., 1983)
	Pleuronectidae	Starry flounder	Platichthys stellatus	DHP	---	2.5	SP	(Lim, 2016)

Table 2

 2 In vivo cortisol concentrations in unstressed fish during the peri-ovulatory period and the minimal efficient cortisol doses to in vitro induce the final oocyte maturation (FOM), ovulation (OV), germinal vesicle breakdown (GVBD) and spawning (SP) for different families of teleost.

				In vitro	In vivo	Maturational stage	
	Family	Specie	Latin name	Concentration	Concentration	Reached	Reference
				(ng/ml)	(ng/ml)		
	Acipenseridae	Stellate sturgeon	Acipenser stellatus	---	85**	FOM	(Roosta et al., 2019)
		White sturgeon	Acipenser transmontanus	480	151**	GVBD	(Lutes et al. 1987; Webb et al. 2000)
		Starry surgeon	Acipenser stellatus Pallas	---	57.3	OV	(Barannikova et al., 2002)
		Persian sturgeon	Acipenser persicus	---	70	OV	(Khara et al., 2014)
	Adrianichthyidae	Medaka	Oryzias latipes	100	---	OV	(Hirose, 1976)
	Cichlidae	Nile tilapia	Oreochromis niloticus	---	2.3	FOM	(Gennotte et al., 2012)
		Goldfish	Carassius auratus	500	300	FOM | OV	(Cook and Peter, 1980; Jalabert, 1976)
	Cyprinidae						
		Zebrafish	Danio rerio	---	1250	FOM	(Shang et al., 2019)
	Fundulidae	Killfish	Fundulus heteroclitus	---	70	OV	(Bradford and Taylor, 1987)
	Heteropneustidae	Catfish	Heteropneustes fossilis	1000-5000	100	FOM |SP	

Salmonidae

Brook trout

Salvelinus fontinalis 1000 ------10-44 GVBD FOM|OV [START_REF] Goetz | The Effects of Steroids on Final Maturation and Ovulation of Oocytes from Brook Trout (Salvelinus fontinalis) and Yellow Perch (Perca flavescens)[END_REF][START_REF] Pickering | Changes in the concentrations of plasma cortisol and thyroxine during sexual maturation of the hatchery-reared brown trout, Salmo trutta[END_REF] Coho salmon Oncorhynchus kisutch 50 100 GVBD (Sower andSchreck, 1982a, 1982b) Masu salmon Oncorhynchus masou ---325 SP [START_REF] Westring | Seasonal changes in CRF-I and urotensin I transcript levels in masu salmon: Correlation with cortisol secretion during spawning[END_REF] Pink 

Sebastidae

Rockfish

Sebastes taczanowskii 1000 ---GVBD [START_REF] Takemura | The in Vitro Effects of Various Steroid Hormones and Gonadotropin on Oocyte Maturation of the Viviparous Rockfish, Sebastes taczanowskii[END_REF] ~ Low recorded in vitro activity or plasma levels ---absence of records **levels after injection of fish or priming of cells with hCG or other LH analogues
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