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a b s t r a c t

The aim of the present study was to establish a protocol of
sperm cryopreservation in Misgurnus anguillicaudatus and verify
the applicability of the obtained protocol in other loach species.
We evaluated the following parameters: inseminating dose, thaw-
ing temperatures (20, 25 and 30 ◦C for 10 s), extenders (loach or
cyprinid extenders), internal cryoprotectants (dimethyl sulfoxide
(DMSO), dimethylacetamide (DMA), glycerol (Gly), ethylene glycol
(EG), and methanol (MeOH) at 0, 5, 10 and 15%), external cryoprotec-
tants (bovine serum albumin 1 and 2%; sucrose 0.5 and 1%; glucose
0.5 and 1%; glycine 0.5 and 1%), activating solutions (distilled water,
dechlorinated tap water, 25 mM NaCl and 50 mM NaCl), and hatcha-
bility of the eggs when fertilized with fresh or cryopreserved sperm.
After the evaluation of these parameters, we optimized the cryop-
reservation using the following procedure: thawing temperature at
25 ◦C for 10 s; loach or cyprinid extenders; methanol at 10 or 15%
as internal cryoprotectants; glycine 0.5% or bovine serum albumin
1% as external cryoprotectants and 50 mM NaCl for sperm activa-
tion. Using this procedure, the fertilizability of the post-thawed
sperm was 47% in comparison to the fresh sperm, at the minimum
inseminating dose (687.65 spermatozoa egg−1 mL−1). Based on this
protocol, sperm from other loach species Lefua nikkonis, Misgurnus
mizolepis and Barbatula toni were cryopreserved successfully.
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1. Introduction

The family Cyprinidae is divided into two monophyletic superfamilies: Cyprinoidae and Cobitoidae
(Nelson, 2006). Although some controversies exists regarding its taxonomy, the recent research indi-
cates that the superfamily Cobitoidea is composed by seven families five of which make a family group
referred to as loaches (see Slechtova et al., 2007, 2008). In East Asia, the loach Misgurnus anguillicau-
datus is an important specie regarding aquaculture and inland fisheries. This specie is also distributed
in other Eurasian countries. From the viewpoint of basic and academic research, the loach is interest-
ing because it includes polyploids and unisexual biotypes in nature (see Arai, 2001, 2003). Due to its
significance in inland aquaculture, chomosome manipulation techniques such as induced gynogene-
sis, androgenesis and polyploid have been established for genetic improvement of farmed strains (see
Arai, 2001, 2003). Recently, cloning by nuclear transplantation of somatic cells (Tanaka et al., 2009),
transgenics (Nam et al., 2001), germ-line chimeras (Nakagawa et al., 2002) are also reported in the
loach. Thus, the loach M. anguillicaudatus is an important specie from the viewpoint of both, basic
biology and applied practice. For further expansion of basic and applied studies using the loach as a
model animal, cryopreservation techniques of gametes are necessary to carry out molecular and cellu-
lar techniques responsible for gametogenesis and heredity. Other loach species such as the European
M. fossilis, Cobitis sp. and the Japanese Lepdobotia curta are now reducing their natural stocks due to
the degradation of their environments and such situation led to many research efforts in genetics and
reproduction of loaches (Abe et al., 2007; Adámková-Stibranyiová et al., 1999; Aoyama and Doi, 2005;
Bohlen, 1999; Watanabe et al., 2008). Although there is a consense that environmental preservation is
the best procedure for the maintenance of those species, it is required long-term genebanking meth-
ods to preserve the loach species from their extinction. Cryopreserved sperm is a reliable procedure
for the maintenance of fish species because of its relative easiness for freezing and storage. In addition,
fish species can be replaced from the cryopreserved sperm using artificially induced androgenesis,
providing only the male inheritance. In the case of M. anguillicaudatus, the protocol of androgenesis
was already established in our previous works (Arai et al., 1995; Fujimoto et al., 2007; Masaoka et al.,
1995). Androgenesis was also achieved in other fish species using heterologous gametes (Bercsányi et
al., 1998; Nam et al., 2001) and homologous dispermic fertilization (Araki et al., 1995). Considering
the advances in artificial propagation and androgenesis mentioned above, it may facilitate the appli-
cability of the cryopreserved sperm as a repository genebank. However, as far as we know, there are
only few studies regarding sperm cryopreservation in loach species (Kopeika et al., 2003, 2004) and
no protocol for the M. anguillicaudatus at present.

In the present study, we develop a protocol of sperm cryopreservation for the loach M. anguillicau-
datus in order to constitute a genebank. In addition, we also verified the applicability of this procedure
in other loach species for future application as a sperm bank.

2. Materials and methods

2.1. Induced maturation, assessment of sperm motility and cryopreservation

Adult male loaches (M. anguillicaudatus) from Iwamizawa City (Hokkaido, Japan) were anaes-
thetized with 2-phenoxyethanol (1 mL L−1), and then induced maturation by human chorionic
gonadotropin (hCG) injection (100 IU/male and 500 IU/female). Fishes were maintained at 27 ◦C for
10 h, and then sperm was collected in hematocrit glass tubes by gently squeezing the abdomen.
Samples were immediately placed in a 1.5 mL macrotubes containing 1 mL of immobilizing solu-
tion (128.4 mM NaCl, 2.7 mM KCl, 1.4 mM CaCl2, 2.4 mM NaHCO3) (Kurokura et al., 1984), followed
by vortexing.

Sperm was activated by a 70-fold dilution with dechlorinated tap water (DTW) (2 days of incubation
after collection from tap) and observed under the microscope. Slides were covered with a 0.5% bovine
serum albumin (BSA) solution in order to prevent sperm adhesion to the glass. The motility analyses
were conducted in triplicates and video recorded (Sharp VHS VC-HF920). Total motility (%), progressive
motility (%) and its duration (s) were obtained from video sequences from subjective visualization of
sperm movement, (Trippel and Neilson, 1992; Iwamatsu et al., 1993). Total motility denotes any type
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of movement and was expressed as percentage of all the cells observed in the same field. Progressive
motility regards to sperm movement along a linear track, and it was expressed as percentage of the
motile cells. The duration of motility regards to the elapsed time of progressive movement, and it was
measured from the sperm activation until 5% of progressive motility.

Samples with total motility higher than 90% were pooled. The final concentration of such pool was
5.8 × 108 cells mL−1, verified using hemocytometer.

The sperm was then diluted 7-fold using the diluent, vortexed, packed in 250 �L cryogenic
straws—with the final volume adjusted to 140 �L by cutting. The straws were sealed using straw pow-
der and frozen using the tube method recently described by Yasui et al. (2008). The straws were inserted
in a plastic cooling tube and then placed into powdered dry ice for 2 min. This procedure resulted in
the following cooling characteristics inside the tube: final temperature at −57.9 ± 1.57 ◦C/min; total
cooling rate at −30.9 ± 0.79 ◦C/min; cooling rate from 4 to 0 ◦C at −18.0 ± 0.76 ◦C/min; cooling rate
from 0 to −50 ◦C at −33.3 ± 2.09 ◦C/min. After 2 min into powdered dry ice, the straws were taken
from the tubes and plunged directly into liquid nitrogen for storage.

2.2. Inseminating dose for loach eggs

Eggs from two females and sperm from three males were obtained using the previous procedure.
Eggs were stripped into a 50 mL conical tube (Falcon, Inc.), adjusted to 15 mL by cutting. One hundred
micro-liters of eggs (292.8 ± 13.9 eggs) were pipetted in a Petri dish (50 mm diameter) using a cut tip
(1.5 mm internal diameter). Twenty micro-liters of previously diluted sperm in immobilizing solution
were pipetted on the egg mass and activated by adding 380 �L of dechlorinated tap water. This pro-
cedure resulted in 312.5, 625, 1250, 2250, 4500 spermatozoa egg−1 mL−1. Three control groups were
prepared: egg batches inseminated with an excess of semen at the beginning (Co) and at the end (Cf)
of fertilization trials, and an additional group “inseminated” with immobilizing solution (Cv).

Eggs were incubated at room temperature (20–25 ◦C). Dead eggs, evidenced by color whiteness
were removed at 6 h intervals. When all the eggs from Cv were dead, live eggs from other treatments
were supposed to be fertilized. Fertilization and hatching rates were calculated relative to the total
amount of eggs.

2.3. Thawing temperatures

To evaluate the thawing temperatures, we adopted loach extender (63.5 mM NaCl, 114 mM KCl,
20 mM Tris) and methanol 10% as a standard diluent based on our previous work (Yasui et al., 2008).
Sperm samples were cryopreserved as mentioned previously. Three hours later, the straws were
thawed at 20, 25 and 30 ◦C for 10 s, and sperm parameters of total motility, progressive motility and
its duration were measured.

2.4. Activating solutions

We compared the effects of dechlorinated tap water (DTW), distilled water (DW), 25 mM NaCl and
50 mM NaCl as an activating solution in fresh (control) and cryopreserved sperm. Sperm from two
males was pooled and cryopreserved using loach extender with 10% methanol. After 3 h, the sperm
samples were thawed and activated using the solutions mentioned above, and then measured the
motility parameters.

2.5. Internal cryoprotectants and extenders

In this experiment we evaluated the effects of two extenders: loach extender and modified cyprinid
extender (Lahnsteiner et al., 2000). The amount of NaCl and KCl on cyprinid extender was modified in
order to increase osmolarity to 375 mOsm, obtaining the following final composition: 81.6 mM NaCl,
91.7 mM KCl, 2 mM CaCl2, 1 mM MgSO4, 20 mM Tris. Using both extenders, we evaluated the effects
of five internal cryoprotectants (dimethyl sulfoxide (DMSO), dimethylacetamide (DMA), methanol
(MeOH), ethylene glycol (EG), and glycerol (Gly)) on post-thawed sperm parameters.
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Each cryoprotectant was added to both extenders to provide a concentration of 0, 5, 10 and 15%.
Sperm from five males was cryopreserved, thawed at 25 ◦C for 10 s and the post-thawed motility
parameters were evaluated after 3 days of storage. Since dechlorinated tap water (DTW) did not change
the sperm motility and it is a standard solution for artificial insemination, it was selected as a standard
activating solution for the following experiments.

2.6. External cryoprotectants

Sperm from three males was pooled in immobilizing solution and diluted in loach extender with
10% methanol (selected based on previous experiments—see above), containing different external cry-
oprotectants at the following concentrations: BSA 1 and 2%; sucrose 0.5 and 1%; glucose 0.5 and 1%;
glycine 0.5 and 1%. Samples were then frozen, thawed after 3 h and assisted for the sperm parame-
ters.

2.7. Fertilizability and hatching rates

Sperm from three males were pooled and frozen according to our best results on previous exper-
iments (methanol 10% as an internal cryoprotectant; glycine 0.5% as external cryoprotectant; 25 ◦C
for 10 s for thawing; DTW as activating solution). Eggs from three females were fertilized using cry-
opreserved sperm at the minimum inseminating dose. Using the same dosage, we adopted three
control groups: fresh sperm diluted in cyprinid extender, loach extender or immobilizing solu-
tion.

Fertilized eggs were maintained at room temperature (22–25 ◦C), and observed 60–90 min after
fertilization at 2–4 cell stage. The hatching rate was observed 30–50 h post-fertilization (HPF).

2.8. Sperm cryopreservation of related species

Based on the results obtained in previous experiments described above, the best procedure
was used to cryopreserve the sperm from other loach species. For this experiment, one adult
Misgurnus mizolepis (∼160 mm body length), three adults Lefua nikkonis (∼70 mm body length)
and three adults Barbatula toni (∼120 mm body length) were utilized. M. mizolepis used in this
study was the same utilized in our previous study (Fujimoto et al., 2008). B. toni were col-
lected at Hekirichi river, Hokuto city, and L. nikkonis were collected at rice paddyfield in Hakodate
City area. After 3 h of storage, the samples were thawed and the sperm parameters were evalu-
ated.

2.9. Statistics

Data are shown as mean ± S.D. Quantitative data were analyzed using ANOVA succeeded by
Student–Newman–Keuls multiple range test. Inseminating dose was estimated by mean of regres-
sion analysis using the “linear response plateau” as model. Extenders were compared using a paired
t-test. Statistical significance was set at 0.05.

3. Results

3.1. Inseminating dose for loach eggs

The fertilization rate increased linearly until 684.42 spermatozoa egg−1 mL−1 (Fig. 1). Although the
inseminating dose increased after this point, the fertilization rate was maintained constantly in a
“plateau” of 62.84%.

Similarly, the hatching rate increased linearly until 687.65 spermatozoa egg−1 mL−1, maintaining
in a plateau of 61.16% (Fig. 2).

In the control groups Co and Cf, in which an excess of semen was employed, the average hatch-
ing rates obtained was 64 ± 10% and 65 ± 9% (n = 6) at the beginning and at the end of fertilization
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Fig. 1. Fertilization rate of loach eggs at increasing inseminating dosages. Dosages higher than 684.42 spermatozoa egg−1 mL−1

had fertilization rates of 62.84%.

trial, respectively. The results indicated that egg quality was not affected along the fertilization tri-
als.

3.2. Thawing temperatures

The effects of thawing temperatures on sperm parameters are described in Table 1. Cryopreserved
samples showed a decrease in total motility and duration when compared to fresh sperm. The thawing
temperature did not affect the motility parameters of cryopreserved samples. Then, for the later stages,
25 ◦C for 10 s was adopted as the thawing procedure.

3.3. Activating solutions

Among fresh sperm, none of the sperm parameters were affected by the activating solutions
(Table 2). Although the motility was not significantly affected by the activating solutions, the duration

Fig. 2. Hatching rate of the eggs inseminated at increasing dosages. Dosages higher than 687.65 spermatozoa egg−1 mL−1 had
hatching rate of 61.16%.
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Table 1
Sperm parameters of fresh and post-thawed sperm thawed at different temperatures. Motility refers to all motile cells. Progres-
sive motility is expressed as percentage of motile cells and duration of motility regards to the time elapsed from activation until
5% of progressive motility.

Thawing temperature Motility (%) Progressive motility (%) Duration (s)

Fresh sperm >90%a >90%a 247 ± 16a

20 ◦C for 10 s 68 ± 08b 82 ± 10a 142 ± 07b

25 ◦C for 10 s 72 ± 03b 83 ± 06a 146 ± 12b

30 ◦C for 10 s 70 ± 10b 73 ± 15a 138 ± 19b

Values with the same superscript letter are not significantly different (P < 0.05).

of motility was shorter when distilled water was employed, and longer duration was observed using
25 and 50 mM NaCl as sperm activators.

Among the cryopreserved samples, the utilization of different activating solutions did not affect
total motility and progressive motility. However, the duration of progressive motility was increased
when 25 or 50 mM NaCl were used for activation.

3.4. Internal cryoprotectants and extenders

During cryopreservation trials, the difference between sperm samples at the beginning of the exper-
iment (fresh sperm0) and at the end (fresh sperm1) was not significant (Table 3). Thus, sperm samples
maintained the quality during the experiment. In all the treatments, the parameters were affected
when compared to control groups.

Extenders did not affect significantly the parameters of cryopreserved sperm, indicating that both
extenders are equivalent. Methanol at 10 or 15% and DMA at 10% significantly improved the post-
thawed sperm motility. No sperm motility was observed when glycerol and ethylene glycol were
utilized at 15%.

Regarding progressive motility, all the cryopreserved samples showed a decrease when compared
to fresh sperm. Considering together motility and progressive motility, better results were observed
in treatments with methanol at 10 and 15% and DMA at 10%.

3.5. External cryoprotectants

After cryopreservation, all the samples presented a decrease on sperm motility (Table 4). None of
the external cryoprotectants improved sperm motility, progressive motility or its duration. However,

Table 2
Sperm parameters of fresh and cryopreserved sperm activated with dechlorinated tap water (DTW), distilled water (DW) and
25 and 50 mM NaCl (n = 3). Motility refers to all motile cells. Progressive motility is expressed as percentage of motile cells and
duration of motility regards to the time elapsed from activation until 5% of progressive motility.

Activating solution Motility (%) Progressive motility (%) Duration (s)

Fresh sperm
DTW >90%a 92 ± 03a 247 ± 16ab

DW >90%a 87 ± 06a 183 ± 69ab

25 mM NaCl >90%a 87 ± 06a 288 ± 60a

50 mM NaCl >90%a 86 ± 06a 286 ± 53a

Cryopreserved sperm
DTW 72 ± 03b 83 ± 06a 146 ± 12b

DW 73 ± 06b 80 ± 05a 142 ± 20b

25 mM NaCl 77 ± 06b 78 ± 03a 219 ± 46ab

50 mM NaCl 75 ± 05b 83 ± 03a 247 ± 21ab

Identical superscript letters after the mean values represent non-significant differences within columns at the 5% level by the
Student–Newman–Keuls test.
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Table 3
Effects of internal cryoprotectants and its concentration on sperm parameters, using loach extender and cyprinid extender
(n = 3). Motility refers to all motile cells. Progressive motility is expressed as percentage of motile cells and duration of motility
regards to the time elapsed from activation until 5% of progressive motility.

Treatment Motility (%) Progressive motility (%) Duration (s)

Fresh sperm0 >90a >90a 217 ± 64a

Fresh sperm1 >90a >90a 230 ± 11a

DMSO 5% 17.5 ± 7.6d 50.0 ± 15.5cd 67.2 ± 13.3e

DMSO 10% 45.0 ± 18.7c 51.7 ± 14.7cd 70.8 ± 14.4e

DMSO 15% 15.8 ± 8.0d 46.7 ± 13.7d 62.7 ± 15.2e

DMA 5% 12.5 ± 5.2de 60.0 ± 15.5bcd 56.0 ± 8.2e

DMA 10% 64.1 ± 10.2b 65.0 ± 8.3bcd 63.2 ± 9.3e

DMA 15% 20.8 ± 8.0d 46.7 ± 16.3d 52.5 ± 13.1e

Glycerol 5% 9.2 ± 5.8de 70.8 ± 7.3bc 68.3 ± 12.1e

Glycerol 10% 16.7 ± 9.6d 62.5 ± 18.9bcd 102.2 ± 34.4cd

Glycerol 15% 0.0 ± 0.0e 0.0 ± 0.0e 0.0 ± 0.0f

MeOH 5% 39.1 ± 13.6c 61.7 ± 12.1bcd 82.3 ± 11.6de

MeOH 10% 70.0 ± 3.2b 74.2 ± 4.9b 117.2 ± 14.2bc

MeOH 15% 71.7 ± 4.1b 71.7 ± 7.5bc 134.0 ± 10.7b

Ethylene Glycol 5% 15.0 ± 7.7d 55.0 ± 10.5bcd 67.5 ± 11.1e

Ethylene Glycol 10% 9.2 ± 3.8de 48.3 ± 16.1d 54.5 ± 18.0e

Ethylene Glycol 15% 0.0 ± 0.0e 0.0 ± 0.0e 0.0 ± 0.0f

Values with the same superscript letter are not significantly different (P < 0.05).

better results were observed when glycine 0.5% or BSA 1% was utilized. BSA 2% decreased sperm quality
(Table 2). Then, glycine 0.5% was utilized for later experiments as also suggested by Lahnsteiner et al.
(2000).

3.6. Fertilization and hatching rates

The results of fertilization trials are shown in Table 5. The dilution of semen using immobilizing
solution or extenders did not affect the fertilization and the hatching rates, suggesting low toxicity
of these solutions during fertilization. No differences on fertilization or hatching rates were observed
between both extenders. Sperm parameters of cryopreserved sperm were significantly lower when
compared to fresh samples.

3.7. Sperm cryopreservation of loach species

The initial sperm motility and progressive motility were higher than 80% in all sperm samples
(Table 6). The duration of motility showed a clear specie-dependent trend, in which B. toni had the

Table 4
Effects of external cryoprotectants and its concentration on sperm parameters. Cryopreserved sperm without external cryopro-
tectants was considered the control group. Motility refers to all motile cells. Progressive motility is expressed as percentage of
motile cells and duration of motility regards to the time elapsed from activation until 5% of progressive motility.

Treatment Motility (%) Progressive motility (%) Duration (s)

Fresh sperm >90a >90a 205 ± 03a

Control (10% methanol) 73 ± 06bc 72 ± 03b 146 ± 09b

Sucrose 0.5% 73 ± 06bc 73 ± 06b 140 ± 05b

Sucrose 1% 75 ± 07bc 80 ± 14ab 132 ± 10b

BSA 1% 80 ± 05b 87 ± 06ab 141 ± 02b

BSA 2% 53 ± 16c 77 ± 06b 137 ± 09b

Glycine 0.5% 78 ± 03b 88 ± 03ab 149 ± 08b

Glycine 1% 73 ± 08bc 78 ± 08ab 143 ± 27b

Glucose 0.5% 75 ± 05bc 80 ± 10ab 144 ± 26b

Glucose 1% 70 ± 10bc 77 ± 06b 120 ± 12b

Values with the same superscript letter are not significantly different (P < 0.05).
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Table 5
Fertilization and hatching rates of the eggs fertilized with post-thawed or fresh sperm at optimum inseminating dose (n = 3).

Treatment Fertilization rate (%) Hatching rates (%)

Fresh sperm 68 ± 08a 67 ± 08a

Fresh sperm diluted in cyprinid extender 60 ± 12a 58 ± 14a

Fresh sperm diluted in loach extender 74 ± 08a 74 ± 09a

Cryopreserved sperm in cyprinid extender 28 ± 06b 28 ± 06b

Cryopreserved sperm in loach extender 32 ± 07b 29 ± 04b

Identical superscript letters after the mean values represent non-significant differences within columns at the 5% level by the
Student–Newman–Keuls test.

Table 6
Sperm parameters of loach species of fresh and cryopreserved samples. Sperm was cryopreserved using M. anguillicaudatus
protocol (n = 3). Motility refers to all motile cells. Progressive motility is expressed as percentage of motile cells and duration of
motility regards to the time elapsed from activation until 5% of progressive motility.

Sample Motility (%) Progressive motility (%) Duration (s)

Fresh sperm
Barbatula toni 83.3 ± 2.8 86.6 ± 5.8 36.3 ± 2.5
Lefua nikkonis 90.0 ± 0.0 90.0 ± 0.0 46.7 ± 2.0
Misgurnus mizolepis 86.6 ± 5.8 86.6 ± 5.8 109.7 ± 4.0

Cryopreserved sperm
Barbatula toni 60.0 ± 5.0 73.3 ± 2.9 24.33 ± 2.5
Lefua nikkonis 58.33 ± 7.6 76.7 ± 5.8 33.3 ± 3.2
Misgurnus mizolepis 63.3 ± 5.7 81.7 ± 2.9 86.33 ± 8.5

shortest duration 36.33 ± 2.5 s followed by L. nikkonis (46.7 ± 2.0 s) and M. mizolepis (109.7 ± 4.0 s).
All the sperm parameters between fresh and cryopreserved sperm did not differ in the loach species
evaluated here (paired t < 0.05).

4. Discussion

The inseminating dose in the loach (684.42 spermatozoa egg−1 mL−1) was lower than those
observed in other fish species such as Cyprinus carpio (2000 spermatozoa egg−1, Magyary
et al., 1996), Scophtalmus maximus (3000–9000 spermatozoa egg−1, Chereguini et al., 1999;
Suquet et al., 1995), Coregonus lavaretus (300.000–500.000 spermatozoa egg−1, Lahnsteiner, 2000),
Brycon insignis (314.000 spermatozoa egg−1, Shimoda et al., 2007) and Petromyzon marinus
(50.000 spermatozoa egg−1, Ciereszko et al., 2000). The difference is probably related to gamete charac-
teristics (oocyte diameter, sperm motility, its velocity and duration) as previously discussed by several
authors (Gage et al., 2004; Lahnsteiner, 2000; Shimoda et al., 2007). The obtained dose in this study
was utilized in all fertilization trials. This procedure provides an effective comparison between fresh
and cryopreserved sperm (Billard and Zhang, 2001; Linhart et al., 2005; Lahnsteiner et al., 2003).

Thawing procedures at 20, 25 and 30 ◦C for 10 s were effective for 250 �L cryogenic straws. We
choose 25 ◦C because this is a physiological (living and reproductive) temperature of the loach, and
this temperature is easy to achieve using heating devices in our temperature conditions.

Among fresh samples, the utilization of DTW, DW, 25 or 50 mM NaCl did not affect sperm param-
eters. On the other hand, using 25 or 50 mM NaCl, the duration of post-thaw sperm motility was
increased. This suggests that cryopreserved samples are more sensitive to injuries related to medium
osmolarity. Activating solutions containing higher osmolarities also optimized sperm motility in other
fish species (Cacot et al., 2003; Jahnichen et al., 1999; Yao et al., 2000).

Methanol as an internal cryoprotectant significantly improved motility, progressive motility and
its duration of cryopreserved sperm. Methanol was employed as successful internal cryoprotectant
in other cypriniforms (Hypophthalmichtys molitrix – Alvarez et al., 2003; Tor khudree – Basavaraja and
Hegde, 2004; Tinca tinca – Rodina et al., 2007; C. carpio – Horváth et al., 2003; Danio rerio – Harvey
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et al., 1984), although DMSO or DMA gave better results for most species (H. molitrix – Alvarez et al.,
2003; C. carpio – Babiak et al., 1997; Linhart et al., 2000; Ctenopharyngodon idella and Carassius auratus
– Babiak et al., 2000; Misgurnus fossilis – Kopeika et al., 2004; Lahnsteiner et al., 2000).

Differences were not observed in sperm parameters when cryopreserving with cyprinid or loach
extenders, differing from Basavaraja and Hegde (2004) who have observed a clear interaction between
cryoprotectants and extender. Considering that loach extender is simpler to prepare, it was used in
most part of this study.

The utilization of external cryoprotectants did not show any significant improvement of cryopre-
served samples.

During fertilization trials, it was demonstrated that the sperm quality and subsequent fertilizability
of cryopreserved sperm has decreased significantly. Similar trends were also observed in Pangasius
hypophtalmus (Kwantong and Bart, 2003) and in C. carpio (Warnecke and Pluta, 2003).

It was also demonstrated that the protocol of sperm cryopreservation of the loach is applicable
for other loach species. Although other sperm cryopreservation protocols were established for other
teleosts (Billard and Zhang, 2001), as far as we know, this is the first protocol for the loach species
evaluated in this study. However, the cryopreservation procedures were not completely adjusted for
these species. Optimization of parameters such as cooling rates, dilution ratio, cryoprotectants and
thawing procedures may increase the cryopreservation success, since these parameters have a specie-
specific trend (Billard and Zhang, 2001). In this trial, sperm parameters from cryopreserved or fresh
sperm did not differ significantly, probably because a limited number of replications and fish might
be employed.

In conclusion, the sperm cryopreservation of the loach was optimized using the following proce-
dure: loach or cyprinid extender; methanol 10% and glycine 0.5% as cryoprotectants; cooling in dry
ice at −33.3 ± 2.09 ◦C/min from 0 to −50 ◦C; 25 ◦C for 10 s as thawing procedure; 25 or 50 mM NaCl as
activating solutions; 687.65 spermatozoa egg−1 mL−1 as the minimum inseminating dose. Using this
protocol the fertilization rate decreased around 50% when compared to fresh sperm. This protocol was
also applicable for other loach species.
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