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Abstract

The solutions commonly used to dilute or cryopreserve sperm are commonly

composed of salts, buffers and cryoprotectants, which may affect gametes and subsequent

fertilization success. Here, we have evaluated the effects of several cryoprotectants

(methanol; MeOH, dimethyl sulfoxide; DMSO and dimethyl acetamide; DMA at

concentrations of 0.25, 0.5 and 1%) and different ions (potassium, calcium and magnesium

at concentrations of 1.25, 2.5, 5.0 and 10 mM) as sperm diluents upon sperm motility and

fertilization success in the loach Misgurnus anguillicaudatus sperm. Our results

demonstrated that DMSO (at 1%) decreased sperm motility whilst calcium and magnesium

ions (from 2.5 mM) induced sperm aggregation and reduced sperm motility. Reduced

fertilization rates were observed with potassium (from 1.25 mM), calcium (at 10 mM),

magnesium (at 10 mM), DMA (at 1%), and DMSO (at 1%). We conclude that specific ions

and cryoprotectants, and their relative concentrations caused effect upon loach gametes.

These data are important to consider for the preparation of sperm diluents and activating

solutions in order to manage gamete quality for artificial propagation.

Keywords: cryoprotectant, fertilization, fish, gametes, ion, osmolarity.
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1. Introduction

The application of in vitro fertilization (IVF) for species of fish is important for the

reproductive manipulation of species that do not spawn spontaneously under cultured

conditions. Hatchery procedures such as artificial incubation and larval rearing, in

combination with IVF, may greatly increase hatching rate and the survival of resultant

juveniles (Woynarovich and Horvath, 1980; Ciereszko et al., 2000). The potential benefits are

highly relevant since IVF would optimize the large-scale production of seeds for aquaculture.

Furthermore, IVF permits the application of biotechnology related to chromosome set

manipulation (Arai, 2001) and the utilization of cryopreserved sperm (Billard and Zhang,

2001).

The general hatchery procedure for IVF in fish involves mixing sperm with the oocyte

mass, followed by activation using water (the so-called ‘dry method’). Following activation,

spermatozoa become motile and enter the oocyte via the micropyle in order to achieve

fertilization (Linhart et al.,1995; Hart, 1990). Following this, the water volume is increased

and the fertilized eggs are incubated in well-aerated water in order to promote hatching

(Woynarovich and Horvéath, 1980, Legendre et al., 1996). The external media used to activate

sperm, may affect important sperm characteristics (Morisawa et al., 1983; Litvak and Trippel,

1998; Wojtczak et al., 2007; Yoshida and Nomura, 1973), fertilization success (Ketola et al.,
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1988; Saad and Billard, 1987) and subsequent embryo development (Gonzal et al., 1987;

Molokwu and Okpokwasili, 2002; Silva et al., 2003). During fish IVF, the ionic components

of the fertilization media is influenced by the water source, ovarian fluid and the sperm.

Fish sperm is commonly diluted in physiological media (known as ‘extenders’), as this

optimizes sperm usage (Scott and Baynes, 1980; Rodina et al., 2004; Linhart et al., 1987).

The composition of extenders must be carefully determined in order to optimize sperm

viability and fertilization success. Another method frequently employed in fish IVF is to use

cryopreserved sperm. In such cases, diluents often contain cryoprotectants such as methanol

and DMSO that may also exert detrimental effects upon gametes (Kopeika et al., 2003).

Sperm cryopreservation is particularly interesting for genebanking in the loach as individuals

such as natural clones, polyploids and hybrids are important for academic research and

aquaculture (Arai et al., 2001).

In our previous studies, we succeeded in cryopreserving loach sperm with high rates

of sperm motility and subsequent fertilization (Yasui et al., 2008 and 2009). However, we

observed that fertilization rates were severely reduced if cryopreserved sperm were not

sufficiently diluted (Unpublished data). This fact suggests that some components from sperm

diluents may be toxic at a given concentration and must be diluted sufficiently to improve

fertilization. However, although we confirmed the importance of sperm dilution in order to

optimize fertilization, it is still necessary to identify which components are toxic and
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determine safe concentrations or even eliminate from sperm diluents. Increasing

understanding of these characteristics are likely to be applicable in the preparation of sperm

diluents and activating solutions, and to improve the management of gametes for artificial

propagation. In the loach, many kinds of solutions have been used to dilute sperm including

modified Ringer solution (Suzuki et al., 1985), Kurokura’s solution (Fujimoto et al., 2008;

Yasui et al., 2008 and 2009) and NaCl 0.9% (unpublished data). For cryopreservation, we

previously used potassium solution (Yasui et al., 2008 and 2009) and a sodium-based solution

(Yasui et al., 2010), both containing methanol as the cryoprotectant. Most of these solutions

were empirically produced or based on previous studies of other fish species. However, we do

not know which component is necessary, or if it presents potentially detrimental effects.

Nevertheless, it is important to produce such solutions that are appropriate for the loach in

order to optimize sperm maintenance and fertilization success.

Consequently, the aim of the present study was to evaluate the toxicity of some

components commonly used in sperm diluents that may affect both sperm and subsequent

fertilization success in the loach. This study will allow us to prepare non-toxic extenders,

cryo-solutions, and to manage sperm dilution ratios in order to maximize fertilization rates in

the aquaculture setting.

2. Materials and Methods
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2.1 Gamete sampling and evaluation of sperm motility

Wild parental fishe were obtained from Iwamizawa city (Hokkaido Island, Japan)

during the spawning season (June - August). Gamete maturation was achieved as described

in our previous work (Fujimoto et al., 2004) with a single dose of human chorionic

gonadotropin (Aska Pharmaceuticals, Tokyo - 100 I.U. per male and 500 I.U. per female)

injected intraperitonially. After 10 to 12 h at 27°C, fish were anesthetized in

2-phenoxyethanol solution (0.1%) and oocytes were collected in 2 mL tubes by stripping

(approximately 1.5 mL of oocytes). Sperm was collected using glass hematocrit tubes and

transferred immediately to a 2 mL tube containing 800 pL of immobilizing solution (Table 1)

and gently mixed by vortexing.

In order to evaluate sperm motility, 1 pL of sperm was pipetted onto a glass slide

previously coated with 0.1% BSA solution to prevent sperm attachment to the surface.

Activation was performed by a 20-fold dilution in distilled water, and sperm motility was

observed under the microscope at 400x magnification. Sperm motility was captured by a

digital camera (Olympus C-3040) connected to a microscope, and projected onto an LCD

screen (LCD-13A1, Sanyo, Japan). Video sequences of sperm motility were obtained using a

VHS recorder (VC-HF920, Sharp, Japan). From video sequences, we measured the
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percentage of total motility, progressive motility and the duration of motility, following the
criteria used in our previous work (Yasui et al., 2008 and 2009; Fujimoto et al., 2008). Total
motility denoted any type of sperm movement (locally motile, circling or forward motility),
while progressive motility regards only to those cells exhibiting forward movement. The

duration of sperm motility was measured from activation until ~5% of progressive motility.

2.2 The effects of ions and cryoprotectants upon motility parameters

In this experiment we evaluated the motility characteristics of sperm suspensions at
different concentrations of ions (sodium, calcium, magnesium and potassium) and
cryoprotectants (methanol; MeOH, dimethyl acetamide; DMA and dimethyl sulfoxide;
DMSO). Sperm from five males were pooled in 800 pL of immobilizing solution and the
volume was equally divided into eight tubes (200 uL) followed by centrifugation at 2200 X g
for 120 sec. The supernatant was removed and the sperm pellet was re-suspended in 60 pL of
various concentrations of NaCl, MgCl,, KCI and CaCl,. This procedure lasted less than 10
minutes from mixing and sperm evaluation and resulted in concentrations of magnesium,
potassium and calcium at 0, 25, 50, 100 and 200 mM (Table 1). For each solution, the sodium
content was manipulated to provide the same theoretical osmolarity of 600 mOsm L™

(calculated by the ionic content of each salt). The loach sperm is generally maintained at
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physiological concentrations (~300mOsm) but we increased the solute concentration to

evaluate a larger range of toxicity for all ions. However, the molar concentration of 600

mOsm is not toxic for loach eggs or sperm. To evaluate the effects of cryoprotectants, a

similar procedure was performed, but the pellet was re-suspended in immobilizing solution

containing MeOH, DMA and DMSO at 5, 10 and 20% (v:v) (Table 2). Diluted sperm were

then observed under the microscope following activation using water (20-fold dilution) and

sperm parameters assessed as previously described. Following sperm activation, potassium,

calcium and magnesium concentrations were 1.25; 2.5; 5.0 and 10.0 mM and the

concentration of cryoprotectants were 0.25, 0.5 and 1%. As control groups, we used three

types of sperm. The first was simply diluted in immobilizing solution, the other was

centrifuged using the same procedure described above and then re-suspended using IS, and

the third one was centrifuged and then re-suspended in NaCl solution.

2.3 Fertilization and hatching success using diluted sperm

In this experiment, loach eggs were inseminated using the same sperm suspensions

containing ions and cryoprotectants evaluated above. Experiments were performed in

triplicate, each using different females and different sperm pools (5 males for each pool).
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Batches of approximately 120 oocytes (40 pL) were pipetted onto plastic Petri dishes

(90 mm diameter) covered by a plastic film. Each egg batch was inseminated with 50 pL of

diluted sperm, which was sufficient to cover all eggs. Gamete activation was performed by

the addition of 950 pL of distilled water (DW), resulting in a 20-fold sperm dilution. The

gamete suspension was then gently mixed by hand. After 5 min, the inseminated eggs were

transferred to Petri dishes without plastic film and the water volume increased to about 50 mL.

The incubation was performed in the Petri dishes at 20°C until hatching.

Fertilized eggs (at the blastula stage) were counted approximately 4 h post fertilization

(hpf) and hatched fry were counted after 60 hpf (Fujimoto et al., 2006). Dead eggs, denoted

by a white appearance, were collected at 10 to 12 h intervals. Fertilization, hatching rates and

the percentage of normal and abnormal embryos were calculated based upon the initial

number of eggs.

2.4 Statistics

All data were performed in triplicate and results are shown as mean + SD. All data

were tested using the Lilliefors’ test for normality. Comparisons were performed using

analysis of variance, followed by Tukey’s multiple range test (P<0.05). Motility parameters
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of fresh and treated sperm were compared using a paired t-test (P<0.05). Statistical analysis

was performed with SAEG software version 9.1 (SAEG, 1997).

3. Results

Sperm parameters

Immotile sperm, and sperm exhibiting progressive motility and non-progressive

motility are shown in Fig. 1. The percentage of progressive cells was 80.9% for intact fresh

sperm, 76.3% for centrifuged fresh sperm and 72.3% for sperm treated with 30 mM NacCl.

None of these values were significantly different (P>0.05). Potassium maintained sperm

quality at increasing concentrations. Average progressive motility was 74, 75%, 82% and

76% for the respective concentrations of potassium at 1.25, 2.5, 5 and 10 mM. Calcium and

magnesium treatments significantly reduced sperm motility at all concentrations. Some fused

or adhered cells were observed from 1.25 mM, and from 2.5 mM we could observe reduced

sperm motility and some sperm aggregates. At the highest concentration of these ions, the

percentage of progressive sperm was very low and many sperm aggregates were detected,

which reduced the accuracy of motility estimation.
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Motility duration was 140 s for fresh sperm and 115 s for sperm treated with 30 mM

NaCl (Fig. 2). Centrifugation reduced the duration of motility to 89 s. Potassium

concentrations did not affect the duration of motility, ranging from 122.6 s to 138.7 s.

However, calcium and magnesium at a concentration of 1.25 mM reduced motility duration to

87.3 sand 99 s, respectively. At 10 mM, duration was 44 s and 41 s for calcium and

magnesium, respectively.

The addition of cryoprotectants did not reduce motility parameters at any

concentration, except for DMSO at 1%, in which progressive motility was 19% (Fig. 3). The

other treatments maintained progressive motility between 61 (1% MeOH) and 79.5% (0.25%

MeQOH).

DMSO also significantly reduced the duration of progressive motility to 0.5% (Fig.

4). The duration of progressive motility was reduced at all concentrations of cryoprotectants

and the duration ranged from 104.7 (MeOH at 0.5%) to 44.67 s (DMSO at 1%).

Fertilization rates

The effect of ions and cryoprotectants upon fertilization and hatching rates are shown

in Fig. 5. When eggs were inseminated using sperm diluted in immobilizing solution or NaCl,

the hatching rates were 75.1% and 49.5%, respectively. All potassium concentrations
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significantly reduced hatching rates. Potassium at 1.25 mM yielded hatching rates of 33.1%,

and at 2.5 mM, the same parameter decreased to just 12.5%. At 5 mM, fertilization rate was

only 4.9% and at the highest concentration (10 mM), just 0.5% of eggs hatched. Calcium and

magnesium also caused a severe reduction in hatching at the highest concentrations (5.2% and

26.2 %, respectively).

Cryoprotectants reduced hatching rates only at the highest concentrations of DMA

(28.3%) and DMSO (46.8%) (Fig. 6). Control groups, in which the sperm was diluted in

immobilizing solution yielded fertilization rates of 78.2%.

In all treatments, the percentage of abnormal embryos remained unaffected by either

ions or cryoprotectants.

4. Discussion

In the present study, we demonstrate that sperm motility parameters were affected by

the addition of calcium, magnesium and DMSQO. Calcium has previously been reported to

exhibit negative effects upon the sperm of some fish species (Christen et al., 1987; Cosson et

al., 1991). Divalent cations such as calcium and magnesium have the ability to induce

membrane fusion or adhesion (Takeda and Kasamo, 2002, Ahkong et al., 1975; Ohki et al.,

1985). Consequently, the reason for sperm aggregation observed in media that contained high
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concentrations of calcium and magnesium in the present study could be attributed, at least in

part, to membrane fusion/adhesion effects related to these ions. In fish, sperm fusion or

adhesion was induced by calcium (Araki et al., 1995), high pH treatments (Ueda et al., 1988),

and polyethylene glycol (Ueda et al., 1986, Kirankumar and Pandian, 2004). Our present data

also indicate that we can add magnesium to this list. The presence of sperm aggregates,

combined with poor sperm motility, reduced the accuracy of sperm motility evaluation.

Evaluation of sperm motility requires the observation of an adequate number of cells in the

viewing field, and sperm cells must be sufficiently dispersed to be analyzed individually

(Billard and Cosson, 1992). So, some of our sperm motility data may be considered

inaccurate, especially in calcium and magnesium treatments at 5 and 10 mM in which many

sperm aggregates were observed and then reduced the accuracy during evaluation of motility

parameters.

Fertilization rates were reduced by the addition of DMSO, magnesium, calcium and

potassium. Lower fertilization success with DMSO, calcium and magnesium treatments may

be explained by reduced sperm motility, a parameter that is related with fertilization success

(see reviews by Rurangwa et al., 2004; Cosson et al., 2004).

We observed that motility parameters were not affected by potassium treatments but

fertilization rates were reduced. Similar results have been reported in other teleost species. In

the common carp (Cyprinus carpio), for example, reduced fertilization rates were observed
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from 5 mM of potassium (Saad and Billard 1987). In our present study, potassium

concentrations of just 1.25 mM led to reduced fertilization rates. Previously, Lahnsteiner et al.

(2003) also observed reduced fertilization rates in Chalcalburnus chalcalburnus, when a

KCl-based solution was used as the fertilization medium. The hatching rate of this species

was 98.7% in a NaCl-based solution, but the rate decreased to just 1.6% in a KCI - based

solution. The authors hypothesized that potassium solutions could exert negative effects upon

eggs or sperm. Potassium has a strict relationship with the transportation of ions through cell

membranes. Consequently, high potassium concentrations or an unbalance on

sodium/potassium relationship in extracellular media may affect the transportation of other

ions necessary for fertilization and/or egg development.

Historically, potassium ions have proved to be a highly controversial issue for fish

gametes. In the case of salmonid sperm, potassium is important in order to keep cells

immotile and to maintain their viability (Gatti et al., 1990; Benau and Terner, 1980) as in the

case of cyprinids (Morisawa et al., 1983). Additionally, Linhart et al. (2008) used potassium

solutions in order to improve sperm motility and showed that even activated sperm were able

to re-initiate motility following incubation in a high potassium solution. In herring (Clupea

pallasi), sperm remained immotile at low concentration of potassium, whilst the addition of 9

mM of potassium led to some spermatozoa immediately entering the micropyle (Yanagimachi
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et al., 1992). On the other hand, it is also important to consider that potassium exerts

deleterious effects upon fertilization, as discussed above.

We conclude that high potassium concentrations should be avoided in the preparation

of extenders or activating media for fish species, with the exception of species where sperm

maintenance is specifically driven by potassium, as is the case of salmonids or sturgeon

species (see review by Alavi and Cosson, 2006).

We also evaluated the toxicity of the predominantly successful cryoprotectants for fish

sperm, using the optimal range for most species (5-20% - see review by Billard and Zhang,

2001 and our studies on loach described by Yasui et al., 2008, 2009 and 2010). At the highest

concentration (20%), DMA (2.16 M) presented decreased fertilization rates although

methanol (4.96 M) did not affect sperm motility and fertilization rates. Such comparison

suggests that the decreased fertilization rates were caused by the cryoprotectant but not

specifically related to molar concentration. Specific ions and cryoprotectants, and their

relative concentrations, may cause severe physiological effects including the influx of

cryoprotectants into the cell (Mazur et al., 1984), altered membrane characteristics causing

the induction of membrane fusion (Araki et al., 1995, Ueda et al., 1986, 1988), dehydration,

ionic signalling and egg activation (Coward et al., 2002), the removal of sperm attractants in

the region of the micropyle (Yanagimachi et al., 1992), and other important mechanisms
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relating to fish gametes and successful fertilization. However, we still do not know which

mechanism underlies the observed effects in loach gametes.

Based in our findings, ions and cryoprotectants may exert negative effects upon the

fertilization of loach eggs via two mechanisms. Firstly, ions and cryoprotectants may damage

sperm cells and cause reduced motility, thereby reducing the chances of successful

penetration into the egg micropyle. Secondly, these factors may reduce fertilization rates, but

without reducing sperm motility. The mechanism by which potassium may exert such

inhibitory actions remains unknown and requires future studies. Based on the discussion

above and considering that molar concentration is the main factor inhibiting the loach sperm

motility, non-toxic components (such as NaCl) are preferable for preparation of sperm

diluents and optimize the fertilization success. However, further studies are necessary to

evaluate the effects of longer sperm storage periods. In addition, we recommend that

methanol should be used for the preparation of cryo-solutions for loach since it is an effective

cryoprotectant for this species (Yasui et al., 2008, 2009) and in addition as observed here,

methanol do not affect sperm characteristics and subsequent fertilization rates.

In conclusion, ions and cryoprotectants may affect both, sperm motility and

fertilization ability. We also showed with potassium treatments that sperm motility is not

always an effective predictor of fertilization success. Our findings suggest that a balanced

combination of specific contents should be evaluated to prepare sperm diluents in order to
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optimize both sperm motility and fertilization success, and such combination is probably

species-specific.

5. Acknowledgements

This study was supported in part by Grants-in-Aid from the Ministry of Education,

Culture, Sports, Science and Technology of Japan (MEXT) for Scientific Research (B) (No.

18380108), from the Japanese Society for Promotion of Science (JSPS) to K.A., and for

Young Scientists (B) (No. 18780138) from JSPS to T.F.



309

310

311

312

313

314

315

316

317

318

319

320

321

322

6. References

Ahkong, Q.F., Tampion, W., Lucy, J.A., 1975. Promotion of cell fusion by divalent cation

ionophores. Nature 256, 208-9.

Alavi, S.M.H., Cosson, J., 2006. Sperm motility in fishes. (11) Effects of ions and osmolality:

a review. Cell. Biol. Int. 30, 1-14.

Arai, K., 2001. Genetic improvement of aquaculture finfish species by chromosome

manipulation techniques in Japan. Aquaculture197, 205-228.

Araki, K., Shinma, H., Nagoya, H., Nakayama, I., Onozato, H., 1995. Androgenetic diploids

of rainbow trout (Oncorhynchus mykiss) produced by fused sperm. Can. J. Fish. Ag. Sci.

52, 892-896.

Benau, D., Terner, C., 1980. Initiation, prolongation and reactivation of the motility of

salmonid spermatozoa. Gamete. Res. 3, 247-57.

Billard, R., Cosson, M.P., 1992. Some problems related to the assessment of sperm motility in

freshwater fish. J. Exp. Zool. 261, 122-31.



323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

Chereguini, O., de La Banda, I., Rasines, I., Fernandez, A., 1999. Artificial fertilization in

turbot, Scophthalmus maximus (L.): different methods and determination of the optimal

sperm-egg ratio. Aquacult. Res. 30, 319-324.

Christen, R., Gatti, J.L., Billard, R., 1987. Trout sperm motility: the transient movement of

trout sperm is related to changes in the concentration of the ATP following the activation

of the flagellar movement. Eur. J. Biochem. 166, 667-71.

Ciereszko, A., Glogowski, J., Dabrowski, K., 2000. Fertilization in landlock sea lamprey:

storage of gametes, optimal sperm:egg ratio, and methods of assessing fertilization success.

J. Fish Biol. 56, 495-505.

Cosson, J., 2004. The ionic and osmotic factors controlling motility of fish spermatozoa.

Aquacult. Int. 12, 69-85.

Cosson, M.P., Cosson, .J, Billard, R., 1991. Synchonous triggering of trout sperm is followed

by an invariable set sequence of movement parameters whatever the incubation medium.

Cell. Motil. Cytoskeleton 20, 55-68.

Coward, K., Bromage, N.R., Hibbitt, O., Parrington, J., 2002. Gamete physiology,

fertilization and egg activation in teleost fish. Rev. Fish Biol. Fish. 12: 33-58.



339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

Fujimoto, T., Kataoka, T., Otani, S., Saito, T., Aita, T., Yamaha, E., Arai, K., 2004.

Embryonic stages from cleavage to gastrula in the loach Misgurnus anguillicaudatus. Zool.

Sci. 21, 747-755.

Fujimoto, T., Kataoka, T., Sakao, S., Saito, T., Yamaha, E., Arai, K., 2006. Developmental

stages and germ cell lineage of the loach (Misgurnus anguillicaudatus). Zool. Sci. 23,

977-9809.

Fujimoto, T., Yasui, G.S., Yoshikawa, H., Yamaha, E., Arai, K., 2008. Genetic and

reproductive traits of spermatozoa from diploid and triploid hybrid males between

Misgurnus anguillicaudatus female and M. mizolepis male. J. Appl. Ichthyol. 24, 430-437.

Gatti, J.L., Billard, R., Christen, R., 1990. lonic regulation of the plasma membrane potential

of rainbow trout, Salmo gairdneri, sperm: role in the initiation of the motility. J. Cell.

Physiol. 143, 546-64.

Gonzal, A.C., Aralar, E.V., Pavico, J.M., 1987. The effects of water hardness on the hatching

and viability of silver carps (Hypophthalmichthys molitrix) eggs. Aquaculture 64, 111-118.

Hart, N.H., 1990. Fertilization in teleost fishes: mechanisms of sperm—egg interactions. Int.

Rev. Cytol. 121, 1-66.



355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

Ketola, H.G., Longacre, D., Greulich, A., Phetterplace, L., Lashomb, R., 1988. High calcium

concentration in water increases mortality of salmon and trout eggs. Prog. Fish-Cult. 50,

129-135.

Kirankumar, S., Pandian, T.J., 2004. Use of heterologous sperm for the dispermic induction

of androgenesis in barbs. J. Fish. Biol. 64, 1485-1497.

Kopeika, J., Kopeika, E., Zhang, T., Rawson, D.M., 2003. Studies on the toxicity of dimethyl

sulfoxide, ethylene glycol, methanol and glycerol to loach (Misgurnus fossilis) sperm and

the effect on subsequent embryo development. Cryoletters 24, 365-374.

Kurokura, H., Hirano, R., Tomita, M., lwahashi, M., 1984. Cryopreservation of carp sperm.

Aquaculture 37, 267-273.

Lahnsteiner, F., Berger, B., Weismann, T., 2003. Effects of media, fertilization technique,

extender, straw volume, and sperm to egg ratio on hatchability of cyprinid embryos, using

cryopreserved semen. Theriogenology 60, 829-41.

Legendre, M., Linhart, O., Billard, R., 1996. Spawning and management of gametes, fertilized

eggs and embryos in Siluroidei. Aquat. Living. Resour. 9. 59-80.



370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

Linhart, O., Alavi, S.M.H., Rodina, M., Gela, D., Cosson, J., 2008. Comparison of sperm

velocity, motility and fertilizing ability between firstly and secondly activated spermatozoa

of common carp (Cyprinus carpio). J. Appl. Ichtyol. 24. 386-392.

Linhart, O., Kouril, J., Hamackova, J., 1987. Increased rate of egg fertilization in artificial

propagation of sheatfish (Silurus glanis) by means of supressing the movements of

spermatozoa with immobilization solution. Aquaculture 65, 353-358.

Linhart, O., Kudo, S., Billard, R., Slechta, V., Mikodina, E.V., 1995. Morphology,

composition and fertilization of carp eggs: a review. Aquaculture129, 75-93.

Litvak, M.K., Trippel, E.A., 1998. Sperm motility patterns of Atlantic cod (Gadus morhua) in

relation to salinity: effects of ovarian fluid and egg presence. Can. J. Fish. Aquat. Sci. 55,

1871-1877.

Mazur, P., 1984. Freezing of living cells: mechanisms and implications. Am. J. Physiol. 247,

C125-C142.

Molokwu, C.N., Okpokwasili, G.C., 2002. Effect of water hardness on egg hatchability and

larval viability of Clarias gariepinus. Aquacult. Int. 10, 57-64.



385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

Morisawa, M., Suzuki, K., Shimizu, H., Morisawa, S., Yasuda, K., 1983. Effect of osmolality

and potassium on motility of spermatozoa from freshwater cyprinid fishes. J. Exp. Zool.

107, 95-103.

Ohki, S., Ohshima, H., 1985. Divalent cation-induced phosphatidic acid membrane fusion.

Effect of ion binding and membrane surface tension. Biochim. Biophys. Acta 812,

147-154.

Billard R., Zhang, T. 2001. Techniques of genetic resource banking in fish. In: Watson, P.F.,

Holt, W.V. (Eds.), Cryobanking the genetic reource Wildlife conservation for the future?,

Taylor and Francis, pp. 156-170.

Rodina, M., Cosson, J., Gela, D., Linhart, O., 2004. Kurokura solution as immobilization

solution for spermatozoa of tench (Tinca tinca L.). Aquacult. Int. 12, 119-131.

Rurangwa, E., Kime, D.E., Ollevier, F., Nash, J., 2004. The measurement of sperm motility

and factors affecting sperm quality in cultured fish. Aquaculture 234, 1-28.

Saad, A., Billard, R., 1987Composition et emploi d’un dilueur d’insémination chez la carpe,

Cyprinus carpio. Aquaculture 65, 67—77.



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

SAEG (1997) Sistema de andlises estatistica e Genéticas - SAEG version 9.1,. Universidade

Federal de Vicosa. Vicosa, MG, Brazil, 2007.

Scott, A.P., Baynes, S.M., 1980. A review of the biology, handling and storage of salmonid

spermatozoa. J. Fish Biol. 17, 707-39.

Shimoda, E., Andrade, D.R., Vidal Jr., M.V., Godinho, H.P., Yasui, G.S., 2007.

Determination of the optimum ratio of spermatozoa per oocyte of the piabanha Brycon

insignis. Arg. Bra.s Med. Vet. Zootec. 59, 877-882. (In Portuguese with English abstract).

Silva, L.V.F., Golombieski, J.I., Baldisserotto, B., 2003. Incubation of silver catfish, Rhamdia

quelen (Pimelodidae), eggs at different calcium and magnesium concentrations.

Aquaculture 228, 279-287.

Suzuki, R., Oshiro, T., Nakanishi, T., 1985. Survival, growth and fertility of gynogenetic

diploids induced in the cyprinid loach, Misgurnus anguillicaudatus. Aquaculture 48, 45-55.

Takeda, Y., Kasamo, K., 2002. In Vitro fusion of plant golgi membranes can be influenced by

divalent cations. J. Biol. Chem. 277, 47756-47764.

Ueda, T., Kobayashi, M., Sato, R., 1986. Triploid rainbow trouts induced by polyethylene

glycol. Proc. Jpn. Acad. 62, 161-164.



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

Ueda, T., Sato, R., Kobayashi, M., 1988. Triploid rainbow trouts induced by high-pH,

high-calcium. Nippon Suisan Gakkaishi 54, 161-164.

Wojtczak, M., Dietrich, G.J., Stowinska, M., Dobosz, S., Kuzminski, H., Ciereszko, A., 2007.

Ovarian fluid pH enhances motility parameters of rainbow trout (Oncorhynchus mykiss)

spermatozoa. Aquaculture 270, 259-264.

Woynarovich, E., Horvath, L., 1980. The artificial propagation of warm-water finfishes—a

manual for extension. FAO Fish Tech Pap;201:1-183.

Yanagimachi, R., Cherr, G.N., Pillai, M.C., Baldwin J.D., 1992. Factors controlling sperm

entry into the micropyles of salmonid and herring eggs. Develop. Growth & Differ., 34,

447-461.

Yasui, G.S., Arias-Rodriguez, L., Fujimoto, T., Arai, K., 2008. Simple and inexpensive

method for cryopreservation of fish sperm combining straw and powdered dry ice.

CryolLetters 29, 383-390.

Yasui, G.S., Arias-Rodriguez, L., Fujimoto, T., Arai, K., 2009. A sperm cryopreservation

protocol for the loach Misgurnus anguillicaudatus and its applicability for other related

species. Anim. Rep. Sci. 116, 135-145.



432

433

434

435

436

Yasui, G.S., Fujimoto, T., Arai, K. 2010. Restoration of the loach, Misgurnus

anguillicaudatus, from cryopreserved diploid sperm and induced androgenesis.

Aquaculture 308, S140-S144.

Yoshida, T., Nomura, M., 1972. A substance enhancing sperm motility in the ovarian fluid of

brown trout, Bull. Jpn. Soc. Sci. Fish. 30, 1073.



437 Table 1. Sperm diluents composed with KCI, NaCl, CaCl, and MgCl,. All diluents had the
438 same theoretical osmolarity at 600 mOsm L. Immobilizing solution (IS, Kurokura et al.,
439 1984) served as a control group.

Treatment Sperm diluents Concentration after activation

Control Immobilizing solution — IS: 6.42 mM NacCl, 0.135 mM KCI, 0.07
128.4 mM NaCl, 2.7 mM Kcl, 1.4 MM CaClz, 0.12 mM NaHCOs (pH:
mM CaCl,, 2.4 mM NaHCOs (pH:  12)
8.20)

NaCl 300 mM NacCl (pH: 6.73) 15 mM NacCl (pH: 5.69)

1.25 mM KCI 25 mM KCI, 275 mM NaCl (pH:  1.25 mM KClI, 13.75 mM NaCl (pH:
6.69) 5.67)

2.5 mM KCI 50 mM KCI, 250 mM NaCl (pH: 2.5 mM KCI, 12.5 mM NaCl (pH:
6.65) 5.65)

5 mM KCI 100 mM KCI, 200 mM NaCl (pH: 5 mM KCI, 10 mM NaCl (pH: 5.72)
6.72)

10 mM KCI 200 mM KCI, 100 mM NaCl (pH: 10 mM KCI, 5 mM NaCl (pH: 5.77)
6.61)

1.25mM CaCl,  262.5 mM NaCl, 25 mM CacCl, 13.125 mM NacCl, 1.25 mM CacCl,
(pH: 6.51) (pH: 5.64)

2.5 mM CaCl, 225 mM NacCl, 50 mM CaCl, (pH: 11.25 mM NacCl, 2.5 mM CacCl; (pH:
6.47) 5.68)

5 mM CacCl, 150 mM NacCl, 100 mM CacCl, 7.5 mM NacCl, 5 mM CacCl, (pH:
(pH: 6.20) 5.57)

10 mM CaCl, 200 mM CacCl; (pH: 5.75) 10 mM CaCl; (pH: 5.6)

1.25 mM MgCl,  262.5 mM NaCl, 25 mM MgCl, 13.125 mM NacCl, 1.25 mM MgCl,
(pH: 6.59) (pH: 5.71)

2.5 mM MgCl, 225 mM NacCl, 50 mM MgCl, 11.25 mM NaCl, 2.5 mM MgCl,
(pH: 6.49) (pH: 5.66)

5 mM MgCl, 150 mM NacCl, 100 mM MgCl, 7.5 mM NaCl, 5 mM MgCl; (pH:

(pH: 6.2)

5.67)



10 mM MgCl, 200 mM MgCl, (pH: 5.28) 10 mM MgCl, (pH: 5.51)
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Table 2. Sperm diluents composed with immobilizing solution (IS) and cryoprotectants. The
equivalent molar concentrations of the cryoprotectants, and pH, are given in parentheses.
Sperm diluted in IS (without cryoprotectants) was used as control group.

Treatment Sperm diluents Concentration after activation
Control Immobilizing solution —IS:  6.42 mM NacCl, 0.135 mM KCl,
1284mM Nacl, 2.7mm  0-07 MM CaCly, 0.12mM
KCl, 14mM CaClp, 2.4 NaHCOs (pH:7.12)
mM NaHCO;3; (pH: 8.20)
0.25% DMA 5% DMAin IS (0.54 M, pH: 0.25% (0.03 M, pH: 7.05)

0.25% DMSO

0.25% MeOH

0.5% DMA

0.5% DMSO

0.5% MeOH

1% DMA

1% DMSO

1% MeOH

7.67)

5% DMSO in IS (0.7 M,
pH: 8.20)

5% MeOH in IS (1.24 M,
pH: 8.10)

10% DMA in IS (1.08 M,
pH: 7.58)

10% DMSO in IS (1.41 M,
pH: 8.26)

10% MeOH in IS (2.47 M,
pH: 8.26)

20% DMA in IS (2.16, pH:
7.49)

20% DMSO in IS (2.82 M,
pH: 8.32)

20% MeOH in IS (4.94 M,
pH: 8.37)

0.25% (0.04 M, pH: 7.12)

0.25% (0.06 M, pH: 7.13)

0.5% (0.05 M, pH: 6.99)

0.5% (0.07 M, pH: 7.05)

0.5% (0.12 M, pH: 7.04)

1% (0.11 M, pH: 6.98)

1% (0.14 M, pH: 7.07)

1% (0.25 M, pH: 7.09)
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Figures legends:

Fig. 1. Motility parameters of loach sperm at increasing concentrations of potassium, calcium
and magnesium. Sperm were centrifuged and re-suspended in sodium-based solutions (600
mOsm L) containing each ion and activated using a 20-fold dilution with distilled water. As
control groups, we used an intact group, a group re-suspended in IS and another that was
re-suspended in NaCl. Molar concentration refers to the final concentration of each ion after
sperm activation. Asterisks above columns denote significant differences in progressive
motility when compared with sperm diluted in immobilizing solution using Tukey’s multiple

range test (P<0.05).

Fig. 2. Duration of progressive motility in loach sperm at increasing concentrations of
potassium, calcium and magnesium. Sperm were diluted in sodium-based solutions (600
mOsm L) containing each component and activated using a 20-fold dilution with distilled
water. As control groups, we used an intact group, a group re-suspended in IS and another that
was re-suspended in NaCl. Molar concentration refers to the final concentration of each ion
after sperm activation. Asterisks denote significant differences in progressive motility when
compared with sperm diluted in immobilizing solution by the Tukey’s multiple range test

(P<0.05).

Fig. 3. Motility parameters of loach sperm at increasing concentrations of cryoprotectants.
Sperm were diluted with immobilizing solution containing cryoprotectants and activated

using a 20-fold dilution with distilled water. Percentages refer to the final amount of each
cryoprotectant after sperm activation. As control groups, we used an intact group, a group

re-suspended in IS and another that was re-suspended in NaCl. Asterisks above columns
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denote significant differences in progressive motility when compared with sperm diluted in

immobilizing solution, as determined by Tukey’s multiple range test (P<0.05).

Fig. 4. Duration of loach sperm progressive motility with increasing concentrations of
cryoprotectant. Sperm were diluted in immobilizing solution containing cryoprotectants and
activated using a 20-fold dilution with distilled water. Percentages refer to the final amount of
each cryprotectant after sperm activation. As control groups, we used an intact group, a group
re-suspended in IS and another that was re-suspended in NaCl. Asterisks denote significant
differences in progressive motility when compared sperm diluted in immobilizing solution by

Tukey’s multiple range test (P<<0.05).

Fig. 5. Fertilization and hatching rates of loach eggs at increasing concentrations of potassium,
calcium and magnesium ions. Sperm were diluted in sodium-based solutions (600 mOsm L™)
containing each ion, which were poured on egg masses and activated using a 20-fold dilution
with distilled water. As control groups, we used a group re-suspended in IS and another that
was re-suspended in NaCl. Asterisks above columns denote significant differences in
progressive motility when compared with sperm diluted in immobilizing solution, by Tukey’s

multiple range test (P<0.05).

Fig. 6. Fertilization and hatching rates of loach eggs with increasing concentrations of DMSO,
MeOH and DMA. Sperm were diluted in immobilizing solution containing each
cryoprotectant, which was poured onto egg masses and activated using a 20-fold dilution with
distilled water. Asterisks above columns denote significant differences in hatching rates when
compared with sperm diluted in immaobilizing solution (control), by Tukey’s multiple range

test (P<0.05).
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