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Introduction __________________________________________________________________

European pond aquaculture is dominated by culture of common carp supplemented with that of other cyprinids, including tench Tinca tinca. Tench is distinguished by high quality meat and reaches market size of 300-500 g at 2-3 years [START_REF] Gela | Tench (Tinca tinca) broodstock management inbreeding station under conditions of pond culture: a review[END_REF]. Its ability to tolerate high water temperature with low oxygen content makes it a popular and widely cultivated fish [START_REF] Rodriguez | Egg production of tench (Tinca tinca L.) kept in semi-intensive culture conditions[END_REF]. Tench is a multiple spawner, beginning the reproductive season when the mean daily water temperature reaches approximately 20 °C (Podhorec et al., 2012b).

The ongoing need for tench fingerlings has spurred substantial research into optimization of tench artificial reproduction [START_REF] Kouril | Hormonal induction of tench (Tinca tinca L.) ovulation with the same treatments over two consecutive reproductive seasons[END_REF]. The negative impact of culture conditions on the reproductive axis of fishes is well known and is primarily the result of diminishing luteinizing hormone (LH) release from the pituitary with consequent lack of final gamete maturation [START_REF] Zohar | Endocrine manipulations of spawning in cultured fish: from hormones to genes[END_REF]. Due to the strong inhibitory impact of captivity on tench final oocyte maturation and ovulation, most research effort has been concentrated on developing protocols focusing on tench females [START_REF] Kouril | Induced ovulation in tench (Tinca tinca L) by various LH-RH synthetic analogseffect of site of administration and temperature[END_REF][START_REF] Podhorec | Effective dose of mGnRHa for induction of ovulation in tench (Tinca tinca L.)[END_REF]Podhorec et al., 2012b). However, a major concern is also declining quality and quantity of sperm produced in captivity (Linhart et al., 2006), compounded by contamination of sperm by urine [START_REF] Linhart | Insemination, fertilization and gamete management in tench, Tinca tinca (L.)[END_REF]. Studies primarily address development of immobilizing solutions to counteract activation of sperm with urine [START_REF] Rodina | Kurokura solution as immobilizing medium for spermatozoa of tench (Tinca tinca L.)[END_REF] or improvement in spermiation rate, without evaluation of the endocrine system response to hormone stimulation (Caille et al., 2006).

Stimulation with dried carp pituitary and synthetic analogues of gonadotropin releasing hormone (GnRHa) have both led to significant enhancement of spermiation, more pronounced with the latter (Caille et al., 2006). GnRH alone is a prominent stimulator of synthesis and release of LH from the pituitary, a prerequisite for steroid release [START_REF] Zohar | Neuroendocrinology of reproduction in teleost fish[END_REF]. High sensitivity to GnRHa alone stimulation is an unique feature of tench [START_REF] Kouril | Induced ovulation in tench (Tinca tinca L) by various LH-RH synthetic analogseffect of site of administration and temperature[END_REF] compared to other cyprinids [START_REF] Peter | Induced ovulation and spawning of cultured fresh-water fish in Chinaadvances in application of GnRH analogs and dopamine antagonists[END_REF], which typically exhibit strong dopamine inhibition of LH release. For this reason the combined treatment comprising GnRHa and a dopamine inhibitor (e.g. Ovaprim, Ovopel) is commonly used in cyprinid aquaculture. However our recent study [START_REF] Podhorec | The effects of GnRHa with and without dopamine antagonist on reproductive hormone levels and ovum viability in tench Tinca tinca[END_REF] showed negative effect of combined treatment on tench egg viability.

There is currently no available information on the effect of such combined treatment on tench milt production, spermatozoa concentration, and reproductive hormone release.

The aim of the study was to investigate LH and gonadal androgens: testosterone (T) and 11-ketotestosterone (11-KT) level changes after GnRHa with or without a dopamine inhibitor administration, and their effects on the quality and quantity of expressible milt in tench.

Material and Methods __________________________________________________________

Broodstock and treatments

Mature male tench, 295 ± 24 g body weight (BW), were collected in spring from ponds located in the southern Czech Republic when water temperature reached 16 °C. No significant differences in BW were found between the treatment groups using one-way ANOVA (p N 0.05). Fish were housed at the research facility of South Bohemia University in Vodnany and randomly divided into four 700 l flow-through tanks supplied with water from the Blanice River. After a three day acclimatization period and gradual temperature increase necessary for the stimulation of gametogenesis (Podhorec et al., 2012b), the water conditions were temperature 20.0 ± 0.5 °C, natural photoperiod (16:8L:D) and dissolved oxygen 7.8 ± 0.4 mg l1. Following acclimatization, fish (7 per group) were divided into four tanks and subjected to a single, intraperitoneal injection of: (i) [D-Tle6, Pro9, NEt]-mGnRH (mGnRHa) at 20 Ng kg1, Bachem AG, Germany); (ii) [D-Tle6, Pro9, NEt]-mGnRH (mGnRHa) at 20 Ng kg1, combined with 20 mg kg1 of metoclopramide (Sigma-Aldrich, USA); (iii) 20 mg kg1 metoclopramide (Sigma-Aldrich, USA) or (iv) 0.9% NaCl (Braun Melsungen AG, Germany). All injected substances were dissolved in 0.9% NaCl. Heparinized needles and 1 ml syringes were used to collect serial blood samples (900-1000 Nl) by caudal venipuncture prior to injection (0 h) and at 12 and 24 h postinjection. Blood samples were centrifuged (4000 × g for 10 min at 8 °C) and plasma was stored at 80 °C until hormone analysis. Fish were anesthetized with 0.03 ml l1 clove oil prior to manipulation.

Sperm analysis

The urogenital pore was dried with paper towel before direct sperm collection into 5 ml syringes containing 2.5 ml of immobilizing solution Kurokura 180 [START_REF] Rodina | Kurokura solution as immobilizing medium for spermatozoa of tench (Tinca tinca L.)[END_REF]. After measurement of total sperm volume, syringes were immediately placed on ice and transported to the laboratory for analysis.

Spermatozoa concentration was counted under a light microscope (400×) using a Burker cell haemocytometer. Ten microliters of sperm were diluted with 0.9% NaCl (dilution rate 1000×), placed onto the haemocytometer (0.1 mm depth and 0.2 mm × 0.2 mm square), and left for 10 min to allow sedimentation before the mean number of spermatozoa per 16 squares was calculated according to Caille et al. (2006). Sperm volume and spermatozoa concentration were expressed in ml kg1 BW and billions kg1 BW, respectively. Evaluation of sperm velocity and motility rate was based on recordings of fresh sperm collected 24 h post-injection. One Nl of sperm was mixed with 50 Nl of distilled water containing 0.1% bovine serum albumin (BSA) added to prevent the spermatozoa heads sticking to the glass slide. Within 10 s of mixing, spermatozoon motility and velocity was recorded using a CCD video camera (Sony DXC-970MD; Sony, Tokyo, Japan) mounted on a dark-field microscope (Olympus BX50, magnification ×200) and illuminated with stroboscopic light controlled by Exposure Scope (University of South Bohemia, Faculty of Fisheries and Protection of Waters, Czech Republic). The focal plane was positioned on the bottom position of the open water drop. Sperm motility was recorded three times per male. Video recordings were analysed by a CASA plugin for ImageJ software [START_REF] Wilson-Leedy | Development of a novel CASA system based on open source software for characterization of zebrafish sperm motility parameters[END_REF] to calculate: (i) motility rate (percent of motile spermatozoa); (ii) the curvilinear velocity (VCL; Nm s1): the time-average velocity of a sperm head along its actual curvilinear path, as perceived in two dimensions in the microscope; (iii) straight-line velocity (VSL; Nm s1): the time-average velocity of a sperm head along the straight line between its first detected position and its last; (iv) the average path velocity (VAP; Nm s1): the time-average velocity of a sperm of a sperm head along its average path. This path is computed by smoothing the actual path according to algorithms in the CASA instrument: these algorithms vary between instruments. Mean velocity was based on motile spermatozoa only.

Hormone analysis

Luteinizing hormone concentrations in plasma (50 Nl) were assayed by heterologous enzyme-linked immunosorbent assay [START_REF] Kah | Development of an enzyme-linked immunosorbent-assay for goldfish gonadotropin[END_REF]. The use of the heterologous assay was validated by demonstrating parallel displacement curve of serially diluted tench plasma with standard common carp curve. Sensitivity of the assay was in the range of 0.6-200 ng ml1 with intra-and inter-assay coefficients of variance (CV) of 5 and 9%, respectively.

Testosterone (ng ml1) was assayed in 25 Nl of blood plasma using the DIAsource Testosterone ELISA Kit (DIAsource, KAPD1559). When necessary, plasma samples were diluted 1:2 to 1:4. The detection limit of the assay was 0.083 ng ml1, CV of the intra-assay ranged from 1.5 to 9.5%, and inter-assay CVs ranged from 7.6 to 13.9% for low and high levels, respectively. 11-Ketotestosterone (ng ml1) was assayed in 50 μl of plasma diluted 1:50 in ELISA buffer using the Cayman 11ketotestosterone EIA Kit (Cayman, 582751). Sensitivity was 1.3 ng ml1; CVs of the intra-assay ranged from 2.6 to 8.4%, and CVs of inter-assays from 9.4 to 12.1% for low and high levels, respectively.

Statistical analysis

Differences in spermatozoon concentration, motility data (after arc-sine transformation), LH and sex steroid levels were analysed by one-way ANOVA at each sampling time, followed by Tukey's HSD test. Data were tested for normality of residues and homogeneity of variances (Levene's test), to comply with the prerequisites for ANOVA. VCL, VAP and VSL data were analysed by Kruskal-Wallis test followed by Dunn's test. Differences were considered statistically significant when P < 0.05.

Results and Discussion ________________________________________________________

This work presents the first report of the effects of GnRHa treatment combined with the dopamine inhibitor metoclopramide on LH, T, and 11-KT secretion, milt production, and spermatozoa concentration in tench. Both the combined treatment and mGnRHa alone significantly increased LH concentration, milt production, spermatozoa concentration, with no detected negative impact on sperm viability (Table 1). Significant decrease of VLC and VAP was detected after treatment with metoclopramide alone compared to all other groups. However VSL was not negatively affected by metoclopramide treatment.

Equivalent potency of GnRHa treatment with and without metoclopramide on the quantity and quality of sperm could imply a lack of functional dopamine inhibition of LH release in tench males, however the assessment of blood LH concentration changes showed the presence of dopamine inhibition. A rapid surge in LH release (already after 12 h PI) was observed with the combined treatment versus gradual increase with mGnRHa alone (P < 0.05) (Fig. 1).Also significantly higher LH levels (P < 0.05) in metoclopramide group in comparison with control one were noted at that sampling point showing that this dopamine antagonist alone is sufficient to partially prevents from dopamine action in its blockage of LH release from the pituitary. At 24 h PI, continued increase was detected in LH values for the mGnRHa group, not differing (P > 0.05) from persistent high LH levels with the combined treatment. (Fig. 1). Based on these results we can conclude that dopamine inhibition in male tench represents the low-level suppression of LH release rather than strong inhibition of release. Results are in accordance with the varying pre-ovulatory LH profiles and ovulation rate seen with mGnRHa and combined treatment stimulation of tench females (Podhorec et al., 2012a;Podhorec et al., 2012b). Billard et al. (1984) and [START_REF] Gillet | Effects of GnRHa and pimozide treatments on the timing of ovulation and on egg quality in Arctic charr (Salvelinus alpinus) at 5 and 10 °C[END_REF] suggested that the rapid pre-ovulatory LH surge induced by combined treatment might adversely affect egg viability in rainbow trout (Oncorhynchus mykiss). This hypothesis has been recently supported by our group [START_REF] Podhorec | The effects of GnRHa with and without dopamine antagonist on reproductive hormone levels and ovum viability in tench Tinca tinca[END_REF], who observed a significantly decreased fertilization rate and hatchability in tench eggs after combined treatment compared to mGnRHa alone. Contrary to that, we did not detect adverse effects of combined treatment on sperm volume or sperm density, motility, or velocity (VLC, VAP, VSL), parameters generally considered indicative of sperm quality. The mode of LH action on final stages of sperm maturation might bean explanation for the lack of detrimental effects of the combined treatment. Release of LH from the pituitary induces a shift in the steroidogenic pathway in the testes leading to the production of maturation inducing steroid (MIS), which regulates sperm maturation. The MIS does not act directly on sperm, but via activation of specific enzymes that increase seminal plasma pH [START_REF] Mañanós | Reproduction and control of ovulation, spermiation and spawning in cultured fish[END_REF], which in turn increases cAMP in sperm allowing the acquisition of motility [START_REF] Nagahama | Endocrine regulation of gametogenesis in fish[END_REF]. No trials of sperm fertilizing ability were included in current study, but the increase of LH secretion and the augmented volume and the number of sperm cells, as a result of combined treatment, with unchanged sperm motility and velocity may suggest that also sperm fertilizing ability was not deteriorated.

To elucidate the potential impact of the treatments on steroid secretion, levels of Tand 11-KT were determined. Statistical analysis of T, the significant differences (P b 0.05) between the males treated with the combination (mGnRHa and metoclopramide) and control or metoclopramide injected fish were found at 24 h PI (Fig. 2). In case of 11-KT release showed nonsignificant changes in the course of the experiment (Fig. 3), due probably to the high individual differences among males. It is possible that 24 h, in the conditions of this experiment, was the start point of the increasing steroid secretion leading to the changes of other parameters of sperm quality.

Treatment with mGnRHa alone, metoclopramide alone, and their combination, significantly increased milt production and number of spermatozoa kg1 BW 24 h PI compared to controls (Table 1) with no differences among experimental groups (P N 0.05). The obtained results are in agreement with other studies (Caille et al., 2006;[START_REF] Linhart | Stimulation of spermiation in tench (Tinca tinca L.) by analogs Gnrh and carp hypophysis[END_REF] reporting significant positive impact of GnRHa treatment on milt volume and spermatozoa concentration in tench, with better results obtained with an acute dose as opposed to the slow release form of GnRHa treatment.

This study showed differing effects of treatment with GnRHa alone and GnRHa in combination with a dopamine inhibitor on LH release in tench males, with no observed adverse impact on sperm parameters. Data are expressed as the mean ± SEM. Different superscripts denote statistical differences between groups (P < 0.05). 

____________________________________________________________________________

Figure 1 .

 1 Figure 1.Effects of 0.9% NaCl, mGnRHa, mGnRHa with metoclopramide, and metoclopramide on luteinizing hormone (LH) release in male tench Tinca tinca. Data are expressed as the mean ± SEM. Different superscript letters indicate significant differences (P b 0.05).

Figure 2 .

 2 Figure 2.Effects of 0.9% NaCl, mGnRHa, mGnRHa with metoclopramide and metoclopramide on testosterone release in male tench Tinca tinca. Data are expressed as themean ±SEM. Different superscript letters indicate significant differences (P b 0.05).

Figure 3 .

 3 Figure 3.Effect of 0.9% NaCl, mGnRHa, mGnRHa with metoclopramide and metoclopramide on 11-ketotestosterone release in male tench Tinca tinca. Data are expressed as the mean ± SEM. Different superscript letters indicate significant differences (P < 0.05).

Table 1 . Effect of 0.9% NaCl, mGnRHa, mGnRHa with metoclopramide and metoclopramide on tench males (Tinca tinca) reproductive parameters.
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																			Curvilinear	Average path
										Number of	Number of				velocity 10 s	velocity 10 s	Straight line
										spermatozoa	spermatozoa	Motility 10 s	post sperm	post sperm	velocity 10 s post
		Body		Sperm ml		Sperm		(× 10	9 ) per	(× 10	9 ) per kg	post sperm	activation	activation	sperm activation
	Treatment	weight (g)	per male		ml kg	-1 BW	male			BW			activation (%)	(μm s	-1 )	(μm s	-1 )	(μm s	-1 )
	0.9% NaCl	239 ± 59	a	0.22 ± 0.07	a	0.79 ± 0.17	a	1.80 ± 0.42	a	6.50 ± 1.71	a	90.2 ± 0.51	a	81.92 ± 0.55	a	71.06 ± 0.63	a	51.83 ± 0.57	a
	mGnRHa	308 ± 45	a	0.66 ± 0.08	b	2.32 ± 0.36	b	4.95 ± 0.51	a	15.86 ± 1.45	b	92.3 ± 0.82	a	80.51 ± 0.57	a	72.00 ± 0.63	a	52.42 ± 0.68	a
	mGnRHa + Met.	303 ± 44	a	0.82 ± 0.25	b	3.85 ± 0.65	b	5.98 ± 1.04	a	22.19 ± 4.29	b	89.6 ± 0.31	a	80.68 ± 0.65	a	73.01 ± 0.77	a	51.19 ± 0.86	a
	Metoclopramide	331 ± 68	a	0.75 ± 0.3	b	2.51 ± 0.52	b	5.21 ± 1.59	a	17.01 ± 3.26	b	88.8 ± 0.43	a	75.75 ± 0.55	b	67.32 ± 0.64	b	53.56 ± 0.62	a