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Abstract

The objectives of this present study were to assess the effects of varying dilutions, pH, temperature and cations
on spermatozoa motile parameters (SMPs) in fish Larimichthys polyactis. Optimal SMPs were observed when
semen was diluted in artificial seawater (ASW) at a ratio of 1 to 100, with temperature of 10°C and pH 8.0. The
spermatozoa of L. polyactis were immotile in distilled water and motile in solution containing different cations.
Maximum SMPs were obtained in each solution containing 0.4 mol NaCl, 0.4 mol KCI, 0.2 mol CaCl, and 0.2
mol MgCl,. This study provides baseline knowledge of L. polyactis spermatozoa sensitivity of pH, temperature
and cationic effects.
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Introduction

Spermatozoa of both freshwater and marine fish species
areimmotile in the testis and seminal plasma. Motility of spermatozoa
occurs after they are released into surrounding aqueous environment
during natural reproduction or into a diluent during artificial
reproduction (Darszon et al., 1999; Alavi and Cosson, 2006; Cosson
et al., 2008a,b). Spermatozoa motility is a prerequisite parameter in
determining fish semen quality and fertilizing capacity (Alavi et al.,
2004; Alavi and Cosson, 2005a,b; Abascal et al., 2007).
Spermatozoa motility is alsoinfluenced by several factors, such as
temperature (Willot et al., 2000; Alavi and Cosson, 2005b), pH
(Ingermann et al., 2002; Alavi and Cosson, 2005 a,b; Zuccarelli et

al., 2007), cations (Darszon et al., 1999; Linhart et al., 2003; Cosson,
2004; Alaviand Cosson, 2006; Alavi et al., 2007), osmolality (Linhart
et al., 2003; Cosson, 2004; Alavi and Cosson, 2006; Alavi et al.,
2007; Zuccarelli et al., 2007) and dilution ratio (Alavi et al., 2004;
2005a,b; 2007) in either aqueous environment or diluent.
Understanding the effects of these factors is helpful to the aquaculture
industry as it allows for the development of optimal artificial
reproduction methods and contributes towards the knowledge-base
of better short- and long-term fish semen preservation conditions
(Alavi et al., 2007; Cosson et al., 2008a,b).

Larimichthys polyactis is traditionally an important
commercial fish species in Korea. It migrates out to the East China
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Sea in winter and retuns to the Yellow Sea to spawn in spring (Kim
et al., 1997). Its spawning season extends from April to June,
peaking in May in the Eastern part of the Yellow Sea (Kim et al.,
1997). Although basic reproductive and life-history information
on this species is available (Trewavas, 1977), data on the effect
of pH, temperature, cations and semen/diluent ratio on
spermatozoa motility remains unknown. Given the paucity of
knowledge on the above stated parameters, this study aimed to
examine the effects of varying dilution, pH, temperature and
cations on spermatozoa motility in L. polyactis. The effects of
these factors on spermatozoa motility were assessed in terms of
spermatozoa motile parameters (SMPs); velocity, movable ratio
and duration of motility.

Materials and Methods

All experiments were carried out at the National Fisheries
Research and Development Institute, Korea, during spawning
season of June 2008. Male fish (23.31+0.17 cm total length and
128.76+0.57 g body weight) were maintained in a 2 m* tank
supplied with seawater at a temperature of 17~21°C, salinity of
32~33 psu and 5~6 mgO,I" at a flow rate of 0.2 Is™. Fresh
semen samples were obtained by serial waves of abdominal
pressure and stored in 1.5 ml Eppendorf tubes on ice until
analysis.

SMPs were determined immediately after initiation of sperm
activation until 100% of spermatozoa were immotile. The experiment
was carried out on three males. All experiments were performed.in
triplicate at room temperature (20~22°C). Motility of spermatozoa
was measured after mixing 1 ul of semen with 99 pl of diluent. The
successive positions of the recorded spermatozoa heads were
observed at 200x magnification under microscope (Axioskop 2
plus Zeiss, Gottingen, Germany).

Artificial seawater (ASW containing 27g NaCl, 0.5 g KCl,
1.29 CaCl,, 4.6 gMgCl,, 0.5 g NaHCO, in alitter of distilled water
and pH 7.8) was used for effect of varying dilution, pH and
temperature.

Semen of three males was used to determine the effect of
varying dilutions on spermatozoa motility. The effect of varying
dilutions on spermatozoa motility was evaluated with ASW at the
ratios of 1:25, 1:100 and 1:400 (semen:ASW).

Semen of three males was used to determine the effect of
pH on the motility of L. polyactis spermatozoa. The influence of pH
on spermatozoa motility was assessed using ASW titrated over a
range of pH values (6.0, 7.0, 8.0, 9.0 and 10.0) at the ratio of 1:100
(1 pl of semen with 99 ul of ASW). The pH of ASW was measured
by pH meter (Istek, Korea).

Semen of three males was used to test the effect of
temperature on spermatozoa motility. To assess the influence of
temperature on spermatozoa motility, semen samples were diluted
with ASW adjusted to different temperature values of 0, 10, 20, 30
and 40°C at ratio of 1:100.
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Fig. 1: Effect of varying dilutions on velocity, movable ratio and duration of
motility in fish L. polyactis spermatozoa after activation in artificial seawater
(ASW). Values with the different alphabetic letters on each bar indicate
significant differences between dilution ratios (p<0.05). AD= After dilution

The effect of cations (Na*, K*, Ca?* and Mg?*) on L. polyactis
spermatozoa motility also was carried out on three male. Semen
samples were activated with solutions containing 0, 0.2, 0.4, 0.6,
0.8, 1.0M NaCl, KCI, CaCl, and MgCl, at the ratio of 1:100 (1 pl of
semen with 99 pl of solution containing NaCl, KCI, CaCl, and MgCl,).

Data representing influence of dilution ratio, pH, temperature
and cations on spermatozoa motility were analyzed by one-way
ANOVA using SPSS version 16.0. The Ducan test was used for
post hoc comparisons. Results are presented as mean + SE.
Differences with a probability value (P) of 0.05 (P<0.05) were
considered significant.

Results and Discussion

Sperm dilutionis a key to the stimulation of spermatozoa
motility and the maintenance of its fertilizing ability of diluted fish
sperm. High dilution produces a homogeneous sperm
suspension which is suitable for synchronous motility observation
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Fig. 2: Effect of different pH values on velocity, movable ratio and duration
of motility in fish L. polyactis spermatozoa after activation. Values with the
differentalphabetic letters on each barindicate significant differences between
pH values (p<0.05). AD= After dilution

and for studying of the biochemical changes that occur during
and after activation (Alavi et al., 2004; 2007). The effect of
varying dilutions on SMPsis shown in Fig. 1. After activation,
movable ratio values were 95.98+0.92%, 96.03+1.06% and
93.75+1.41% at dilution ratios of 1:25, 1:100 and 1:400,
respectively. In addition, velocity at dilution ratios of 1:25, 1:100
and 1:400 were 199.26£5.15 ums™, 195.56+3.51 yms-'and
191.85+4.81 ums™, respectively. No significant differences were
observed in movable ratio and velocity between 1:25, 1:100
and 1:400 (p>0.05) after activation. However, differences for
movable ratio and velocity were statistically significant among
varying dilution ratios from 60 to 240 s. Further, duration of
motility was reached 251.22+7.28, 273.56+5.58 and 164.56+6.31
s at the ratios of 1:25, 1:100 and 1:400, respectively. At this time,
dilution ratio 1:100 showed the best result for spermatozoa motility
activation. Therefore, dilution 1:100 (semen:diluent) was used
to examine the effects of pH, temperature and cations on
spermatozoa motility in L. polyactis.
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Fig. 3: Effect of different temperature values on velocity, movable ratio and
duration of motility in fish L. polyactis spermatozoa after activation. Values
with the different alphabetic letters on each bar indicate significant differences
between temperature values (p<0.05). AD= After dilution

The SMPs observed after dilution depends on pH of ASW,
showed for pH 6.0 to 10.0 in Fig. 2. Maximum velocity, movable
ratio and duration of motility occurred at pH 8.0 after dilution. The
values of duration were 218.78+8.70, 229.44+6.72, 266.00+4.91,
216.11£7.63 and 157.67+7.38 sat pH 6.0, 7.0, 8.0, 9.0and 10.0,
respectively. There were no significant differences in duration of
motility at pH 6.0, 7.0 and9.0 (p>0.05). The result of this experiment
showed that pH 8.0 was optimal for SMPs. The indirect and direct
influence of pH on spermatozoa motility has been shown to be
significant (Cosson et al., 2008a). Diluent pH also effects on fertilizing
ability of spermatozoa (Alaviand Cosson, 2005 a,b). Our experiment
showed that optimum pH for spermatozoa motility was pH 8.0. This
result confirmed that alkaline diluent condition increase SMPs of L.
polyactis spermatozoa, also reported for other species such as
Persian sturgeon Acipenser persicus, Mississippi paddlefish
Polyodon spathula and Shovelnose sturgeon Scaphirhynchus
platorynchus (Alavi et al., 2004) and the rainbow trout Oncorhynchus
mykiss (Cosson, 2004). It has been reported that a change in the
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Fig. 4: Effect of different cationic concentrations on velocity, movable ratio and duration of mofility in fish L. polyactis spermatozoa after activation. (a) sodium;
(b) potassium; (c) calcium; (d) magnesium. Values with the different alphabetic letters on each bar indicate significant differences between sodiumion
concentrations (p<0.05). AD= After dilution
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external pH value induces a change in the internal pH (Alavi and
Cosson, 2005b). Sea bass Dicentrarchus labrax spermatozoa have
been shown to be motile in diluted seawater buffered between pH 5
and 10, with the optimum activity achieved around pH 9, also the
same for halibut Hippoglossus hippoglossus and for turbot
Scophthalmus maximus (Cosson, 2004).

The highest and lowest SMPs were observed when semen
was diluted in ASW at temperature of 10 and 40°C, respectively
(Fig. 3). After dilution, no significant differences were observed in
terms of movable ratio and velocity at 10 and 20°C (p>0.05) except
velocity at 240 s. However, the duration of motility showed significant
differences at 10 and 20°C (p<0.05). Therefore, the best temperature
for spermatozoa motility was concluded to be 10°C. Our result was
similar to Siberian sturgeon Acipenser baeri, as reported by Williot
et al. (2000). Spermatozoa motility parameters and fertilizing ability
also depend on temperature of diluents (Alavi and Cosson, 2005b).
The results of this study showed that SMPs were affected by diluent
temperature. This is in accordance with previous studies on
Salmonids and Acipenserids (Alavi and Cosson, 2005b).
Consequently, our observations indicate that SMPs were best at
10°C temperature.

The motility of fish spermatozoa is controlled through their
sensitivity of cationic concentrations. This phenomenon is related to
cationic channel activities in the membrane and governs the motility
mechanisms of anxonemes (Alavi and Cosson, 2006).

Spermatozoa of L. polyactis were immotile in distilled water
and motile in solution containing different cations. Maximal and minimal
velocity and movable ratio, as well as duration of motility, were
observed in solutions containing 0.4 mol NaCl and 1.0 mol KCI,
respectively (Fig. 4 a, b). The values of duration of motility, movable
ratio and velocity after dilution were 267.56+8.18's, 91.67+1.43%
and 197.67+3.80 ums'in 0.4 mol NaCl and 42.00£3.54 s,
6.2240.62% and 27.67+2.11 pmsin 1.0 mol NaCl (Fig. 4a). And,
the results of duration of motility, movable ratio and velocity in KCI
solution after dilution were 257.78+3.32 s, 91.44+1.76% and
175.00£3.78 ums™in 0.4 mol and 58.11+2.94 s 7.44+0.50% and
32.89+2.28 ums™in 1.0 mol (Fig. 4b). Concentration of NaCl and
KCI more than 0.4 mol showed significant difference in SMPs
(p<0.05). Ciereszko et al. (2002) reported activation inhibition of
spermatozoa motility in sea lamprey at the NaCl and KCI
concentration of higher than 40 mmol just after initiation of movement
and 2 min after activation. NaCl and KCI concentrations over 20
mmol were inhibitory. In this study, duration of motility after activation
at 0.4 mol of NaCl and KC| was 267.56+8.18 and 257.78+3.32 s,
respectively. The velocity (43.70+4.02 pms), Movable ratio
(49.84+2.02%) and duration of motility (66.78+2.41 s) were maximal
in solution containing 0.2 mol CaCl, after dilution (Fig. 4c). A rapid
decrease in the movable ratio and velocity was observed in solutions
containing 0.4 mol CaCl, or more. The results of this study showed
the high sensitivity of L. polyactis spermatozoa to concentrations of
CaCl,. Aithough these data confirm a key role for Ca** in the activation
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of spermatozoa in L. polyactis, there are many questions that are
still to be unanswered on the mechanisms and function of inter-
cellular and extra-cellular calcium signaling in sperm motility of L.
polyactis. 1t was shown that Ca? ions influx occurring during the
short motility period is responsible for circling observed in trout
Salmo gairdneri spermatozoa (Cosson, 2004). The effect of Ca?*
on flagella circling is especially easy to control when using
demembranated/reactivated sperm models (Cosson, 2004).
Maximum SMPs including velocity (78.33£2.57 ums'), movable
ratio (35.22+2.69%) and duration of motility (156.56+12.78 s) were
obtained in solution containing 0.2mol MgCl, after activation (Fig. 4 d).
MgCl, concentration of more than 0.2 mol significantly decreased
SMPs. There is limited information about the effects of Mg* ions on
spermatozoa motility in teleosts (Alavi et al. 2004), including the L.
polyactis. Studies on the intracellular mechanisms of sperm motility
in teleost fish confirm a key role for Mg?* in the initiation of sperm
motility activation, especially in demembranated sperm (Alavi et al.
2004; Cosson, 2004). This report is the first to show positive effects
of Mg?* on motility characteristics of L. polyactis spermatozoa when
the concentration of Mg?* are increased beyond 0.2 mol in solution.

In conclusion, the mechanisms of initiation of motility in L.
polyactis spermatozoa are not completely elucidated, especially the
events occurring in the intracellular environment. In addition, Na* is
major inhibitory factor of sperm motility in L. polyactis. Cationic factors
can stimulate the initiation of activation of sperm, but the biological
sensitivity of sperm to cationic concentrations must be concem during
determination of diluent composition in fish farms.
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