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Introduction

The piracanjuba is one of the Brazilian endangered fish species. To protect this species from extinction, it is necessary to improve the reproductive efficiency of males and females, and consequently increase the number of larvae produced. Storing multiple batches of semen from different specimens by cryopreservation, would significantly improve reproductive potential of male piracanjuba. Fish sperm is immotile in seminal plasma and have to remain immotile during storage. Thus a semen extender should never induce sperm motility. Cryoprotectants are substances that protect cells from freezing injuries and have to be added to the medium before freezing. However, cryoprotectants are toxic to sperm cells and this toxicity is species-specific. The aim of this research was to test some combinations of extenders and cryoprotectants during cryopreservation of piracanjuba semen.

Material and Methods

This study was carried out at Hydroelectric Company of Minas Gerais (CEMIG), Itutinga and at Federal University of Lavras, MG, Brazil. Fish (800 to 1200 g BW) were maintained in earthen ponds during the experiments. Spermiation was induced with two injections of carp pituitary extract at 0,4 and 4 mg/kg BW, 12 h apart. Semen was collected by abdominal massage 12 h after the second dose. All experiments were carried out with semen of three different males.

In Experiment 1, semen was diluted (1:5 total volume) in one of the following extenders (pH = 7.6): 

- Saad solution (NaCl 200 mM, Tris 30 mM; Linhart et al., 1993); 

- Physiological saline (NaCl 0.9%; 154 mM); 

- NaCl 200 mM; 

- Kurokura solution (NaCl 128.4 mM, KCl 2.7 mM, CaCl2 1.4 mM, NaHCO3 2.4 mM; Kurokura et al., 1984); 

- Coconut water Kero-Coco( (calcium 0.02%, sodium 0.02%, magnesium 0.01%, potassium 0.32%, phosphorus 0.01%, carbohydrate 5%); and 

- Ginsburg Fish Ringer (NaCl 111.1 mM, KCl 3.4 mM, CaCl2 2.7 mM, NaHCO3 2.4 mM; Viveiros et al., 2000). 

One sample of semen was left undiluted and served as control. Sperm motility was induced with NaCl 50 Mm 0, 1 and 24 h after cooling at 4ºC. 

In experiment 2, semen was diluted (1:5 total volume) in Saad solution, physiological saline or NaCl 200 mM; one sample was left undiluted and served as control. Then semen diluted in each extender was divided in 4 tubes and received 10% of dimethyl sulphoxide (DMSO), methanol or ethylene glycol; one tube was left as control without cryoprotectant. Sperm motility was induced with NaCl 50 Mm 0, 1 and 24 h after cooling at 4ºC.

In experiment 3 (cryopreservation experiment), semen was diluted (1:5 total volume) in one of the following medium: physiological saline + DMSO; physiological saline + methanol; physiological saline + ethylene glycol or; Saad solution + ethylene glycol. All cryoprotectors were added at a concentration of 7 or 10%. To test the efficiency of hen egg yolk as external cryoprotectors, all diluted semen samples were divided in two aliquots and one of them received 5% egg yolk. Three 0.5-mL straws per treatment were filled and immediately placed on liquid nitrogen (LN2) vapor vessel (CP 300 Taylor-Wharton) at approximately -170ºC for 24 h. Straws were then plunged into LN2. Semen was thawed at a 60ºC water bath for 8 sec and sperm motility was evaluated after induction with NaCl 50 mM.

Results and Discussion

The mean sperm concentration observed in this study was 5,88 ( 1,98 x 109 sperm/mL. This number is a bit reduced compared with 8,21 ( 2,26 x 109 sperm/mL described by Murgas et al., 2002 for the same fish species.

Table 1. Motility rate (% of moving sperm cells; mean ( SD) of piracanjuba semen diluted in different extenders and stored at 4ºC. 

	Extender
	Cool storage period

	
	0 h
	1 h
	24 h

	Control
	100 ( 0 a
	83 ( 6 a
	33 ( 21 c

	Saad
	100 ( 0 a
	93 ( 11 a
	80 ( 10 a

	Phys. Saline
	100 ( 0 a
	100 ( 0 a
	57 ( 15 b

	NaCl 200 mM
	97 ( 6 a
	93 ( 11 a
	53 ( 15 b

	Kurokura
	100 ( 0 a
	87 ( 15 a
	23 ( 15 c

	Coconut water
	90 ( 10 a
	83 ( 15 a
	8 ( 6 d

	Fish Ringer
	87 (  6 a
	63 ( 11 b
	20 ( 10 c


a-d Means within the same column followed by different superscripts differ (P<0.05; Scott-Knott).

In experiment 1, all extenders tested were able to maintain the viability of sperm cells as, immediately after dilution, all samples produced high motility rates after activation (Table 1). One h after cool storage, semen diluted in all extenders but Ginsburg fish Ringer maintained good motility rate, above 80%. Within 24 h, semen diluted in Saad solution (80%), physiological saline (57%) and NaCl 200 mM (53%) produced motility rates higher (P<0.05) than the control (33%). These three extenders were selected to be tested with cryoprotectors, on experiment 2. Saad solution is commonly used as immobilizing solution to overcome the sperm-motility activating properties of urine or water contamination during hand-stripping of semen of European catfish (Linhart et al., 1993). In piracanjuba, Saad    solution also proved to be an efficient immobilizing solution and maintained the viability of sperm for at least 24 h. Kurokura solution, Ginsburg fish Ringer and NaCl 200 mM were tested in another Brazilian species, piau-açu Leporinus macrocephalus, as extenders and produced the higher sperm motility after 48 h of cool storage, compared with undiluted semen (Moraes, 2004).

Table 2. Sperm motility (% of moving sperm cells; mean ± SD) of piracanjuba semen diluted in three different extenders combined with DMSO, methanol or ethylene glycol, and stored at 4ºC. 

	Extender
	Cryoprotetor

(10%)
	Cool storage period

	
	
	0 h
	1 h
	24 h

	Control
	No
	100 ( 0 a
	100 ( 0 a
	53 ( 6 b

	Saad
	No
	100 ( 0 a
	100 ( 0 a
	82 ( 3 a

	Saad
	DMSO
	83 ( 6 a
	78 ( 8 b
	17 ( 15 d

	Saad
	Methanol
	85 ( 13 a
	80 ( 20 b
	27 ( 15 c

	Saad
	Ethylene glycol
	95 ( 5 a
	97 ( 3 a
	13 ( 15 d

	Phys. saline
	No
	100 ( 0 a
	100 ( 0 a
	60 ( 10 b

	Phys. saline
	DMSO
	97 ( 3 a
	97 ( 3 a
	77 ( 6 a

	Phys. saline
	Methanol
	98 ( 3 a
	97 ( 3 a
	37 ( 11 c

	Phys. saline
	Ethylene glycol
	98 ( 3 a
	98 ( 3 a
	43 ( 11 c

	NaCl 200 mM
	No
	100 ( 0 a
	100 ( 0 a
	67 ( 6 b

	NaCl 200 mM
	DMSO
	88 ( 3 a
	85 ( 5 b
	27 ( 15 c

	NaCl 200 mM
	Methanol
	57 ( 15 b
	55 ( 23 c
	0 e

	NaCl 200 mM
	Ethylene glycol
	90 ( 5 a
	85 ( 10 b
	20 ( 10 d


a-e Means within the same column followed by different superscripts differ (P<0.05; Scott-Knott).

When cryoprotectors were added to extenders (experiment 2), the only combination that immediately reduced sperm motility was NaCl 200 mM + methanol (57%), compared to control (100%; Table 2). One h after cool storage, semen diluted in Saad solution + ethylene glycol, physiological saline + ethylene glycol, physiological saline + DMSO and physiological saline + methanol produced motility rate similar to the undiluted control (100%). These combinations were selected to be tested as freezing medium during experiment 3. When semen samples were cool stored for 24 h, sperm motility remained high when diluted in Saad solution (82%) and in physiological saline + DMSO (77%). Semen diluted in physiological saline without cryoprotector produced only 60% motility. In piau-açu, semen diluted in Kurokura produced 67% motility; when 5% methanol was added to the medium, sperm motility increased to 80% (Moraes, 2004).

Table 3. Sperm motility (% of moving sperm cells; mean ± SD) of piracanjuba semen cryopreserved in physiological saline or Saad solution, a cryoprotector agent and enriched or not with egg yolk.

	Extender
	Cryoprotectant
	Egg yolk

(%)
	Sperm motility (%)

	
	Agent
	%
	
	

	Phys. Saline
	DMSO
	10
	0
	0 d

	Phys. Saline
	DMSO
	10
	5
	11 ( 10 c

	Phys. Saline
	DMSO
	7
	0
	0 d

	Phys. Saline
	DMSO
	7
	5
	16 ( 7 c

	Phys. Saline
	Methanol 
	10
	0
	0 d

	Phys. Saline
	Methanol 
	10
	5
	5 ( 5 d

	Phys. Saline
	Methanol 
	7
	0
	0 d

	Phys. Saline
	Methanol 
	7
	5
	5 ( 4 d

	Phys. Saline
	Ethylene glycol
	10
	0
	11 ( 3 c

	Phys. Saline
	Ethylene glycol
	10
	5
	40 ( 16 b

	Phys. Saline
	Ethylene glycol
	7
	0
	1 ( 0 d

	Phys. Saline
	Ethylene glycol
	7
	5
	54 ( 10 a

	Saad
	Ethylene glycol
	10
	0
	1 ( 1 d

	Saad 
	Ethylene glycol
	10
	5
	15 ( 9 c

	Saad
	Ethylene glycol
	7
	0
	0 d

	Saad
	Ethylene glycol
	7
	5
	12 ( 4 c


a-d Means within the same column followed by different superscripts differ (P<0.05; Scott-Knott).

During the cryopreservation experiment, the addition of egg yolk to the freezing medium improved sperm motility on samples frozen in all combinations of extender + cryoprotector (Table 3). Semen frozen in physiological saline + DMSO or methanol produced 0% post-thawed motility. The highest post-thawed sperm motility (54%) was obtained on samples frozen in physiological saline + ethylene glycol 7% + egg yolk; samples were frozen in the same medium without egg yolk, motility rate was only 1%. When ethylene glycol was used at 10%, motility rate was reduced (P<0.05) to 40% with egg yolk, and 11% without. Egg yolk has been effectively used in combination with glucose and DMSO on cryopreservation of five Brazilian migratory species: piracanjuba, curimbatá Prochilodus lineatus, pacu Piaractus mesopotamicus, dourado Salminus maxillosus and piapara Leporinus elongatus (Carolsfeld et al., 2003). Piracanjuba semen was successfully frozen with the same freezing protocol, and the post-thawed motility was above 80%. The freezing medium contained either powdered milk + methanol, with or without glucose addition, or DMSO + glucose + egg yolk (Carolsfeld et al., 2003). 

Semen of piracanjuba can be successfully stored both by cool storage and cryopreservation. We suggest further investigation of Saad solution as an extender of piracanjuba semen for longer periods than 24 h of cooling. For cryopreservation, the medium enrichment with egg yolk in combination with the saline solutions tested here, improved sperm motility. The combination of physiological saline + ethylene glycol + egg yolk was the best freezing medium tested. However, the combination of methanol + powdered milk, not tested here, should be investigated. Fertility test in combination with motility rate should be used to evaluate semen quality after cryopreservation.
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