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ABSTRACT

Cryopreservation is a technique that makes long term storage of fish semen possible. The objectives
of the present study were to determine the effects of different stages of cryopreservation and
individual variability of fish in the cryopreservation process. This study involved five stages of
cryopreservation (fresh sperm, sperm + extender, after equilibration time, after vapor phase and
after freezing) and three different fish. Sperm movement and velocity distribution for fresh and after
frozen-thawed semen were evaluated using an automated semen analyzer. The motility of red tilapia
fish sperm decreased gradually in the freezing process. The highest value of motility was obtained at
fresh sperm (96.93 £ 0.53%), followed by sperm with extender (92.64 £ 1.05%), after equilibration
time (84.86  2.26%) and after vapor phase (67.82 £ 3.28%), whilst the lowest value of motility was
obtained for sperm after freezing (61.39  3.62%). For individual fish, Fish 1 significantly showed
the highest total motility (77.50 £ 1.86%).
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ABSTRAK

Kriopengawetan semen ikan adalah salah satu teknik yang membolehkan penyimpanan semen ikan.
Tujuan kajian ini dijalankan adalah untuk menentukan kesan peringkat yang berbeza dalam
kriopengawetan dan perbezaan individu ikan dalam proses kriopengawetan. Kajian ini melibatkan
lima peringkat kriopengawetan (sperma asal, sperma + ckstender, sclepas masa pengimbangan,
selepas fasa wap, dan selepas penyejukbekuan) dan ikan-ikan yang berbeza. Motiliti sperma dan
halaju penyebaran untuk sperma asal dan selepas sejukbeku dinilai menggunakan penganalisa sperma
automatik. Motiliti sperma ikan tilapia merah menurun secara beransur-ansur dalam proses
penyejukbekuan. Nilai motiliti yang paling tinggi adalah pada sperma asal (96.93 £ 0.53%), diikuti
dengan sperma + ckstender (92.64 £ 1.05%), selepas masa pengimbangan (84.86 + 2.26%) dan
selepas fasa wap (67.82 * 3.28%), sementara itu, nilai motiliti sperma yang paling rendah adalah
selepas penyejukbekuan (61.39 * 3.62%). Bagi individu ikan, Ikan 1 menunjukkan motiliti yang
paling tinggi (77.50 £ 1.86%) secara bererti.

Kata kunci: Kriopengawetan, sperma tilapia merah, motiliti sperma
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INTRODUCTION

Sperm cryopreservation for fish is essentially an unexplored field although many species of fish are
threatened with extinction. Cryopreservation of sperm from genetically supetior brood fish can
preserve genetic resources and provide greater availability of improved material. Cryopreservation is
a technique that makes long-term storage of fish sperm possible. The cryopreservation of sperm
process involves the following steps of temperature reduction, cellular dehydration, freezing and
thawing (Medeiros ef al, 2002). Generally, sperm cells ate not adapted to endure extreme low
temperatures; therefore, cryopreservation of these cells happens at the expense of cellular viability
and normal function.

Every stage of cryopreservation affects the sperm. During cryopreservation, there are varying
degrees of severity of cellular damage induced by distinct mechanisms at each of the
cryopreservation phases, and the functional state of the frozen-thawed cells is the result of the
injuries accumulated throughout the freezing process (Medeiros ef al., 2002). In the past few years,
cryobiological studies focusing on the adaptation of cooling rates to biophysical properties of sperm,
changes of sperm packaging systems as well as the accurate and consistent freezing of large numbers
of samples have led to the improvement of cryopreservation protocols (Roca ez al., 20006).

There are various factors that can affect the initial quality of sperm. Variability between
individual fish is one of the main factors that can affect fish sperm cryopreservation. Individual fish
could give differences or variations in sperm quality. This could be due to the differences in lipid
composition of the sperm plasma membrane, where it has been suggested that it could be a factor in
variable freezability of sperm (Parks and Graham, 1992). Furthermore, the variation in the success
rate of cryopreservation can also be caused by variation in the response of sperm of individual males
to the cryopreservation process (Christensen and Tiersch, 2005). Thus, to overcome this problem
selective breeding could be used to improve those factors in male fish, by using parameters such as
motility or possibly even cryopreservation performance.

For marine and freshwater fish sperm, there are also differences in survivability due to
cryopreservation. Sperm of marine fish species are easier to cryopreserve than those of freshwater
species (Billard ez a/., 1995). This fact could be explained by the specific composition of membranes
especially by the cholesterol: phospholipid ratio. Cholesterol modulates bilayer fluidity through
interaction with membrane phospholipids (Parks and Lynch, 1992). The cholesterol:phospholipid
ratio is 2 to 3 times higher in marine than in freshwater fish (Drokin, 1993). As phosphatidylcholine
protects cells from osmotic and cold stresses, the high level of phosphatidylcholine found in marine
sperm could also explain the higher capacity of cryoresistance (Drokin, 1993). Therefore,
cryopreservation of freshwater fish sperm is more challenging compared to marine fish sperm.

There is limited information and research on fish sperm cryopreservation. This study was done
to improve success rate and increase information on fish sperm cryopreservation. The objectives of
the present study were to determine the effects of different stages of cryopreservation, variability
between three individual fish and to develop a suitable cryopreservation protocol for red tilapia
(Oreochromis niloticus) fish sperm.

MATERIALS AND METHODS

Collection of Semen

Semen collection was carried out with the gentle squeezing technique of the male fish abdomen. The
semen was transferred to 100 mL capillary tubes. This technique should be done carefully to avoid
any mixing of semen with the urine, blood, feces or waste matter which may reduce the sperm
motility. Sometimes, training of fish during squeezing is important to avoid contamination.

Extender

The extender used was tris citric acid yolk extender (TCAYE) as described by Asmad (2005).
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Freezing and Thawing

Semen was processed immediately (within 10-15 minutes after collection) upon arrival at the
laboratory to avoid degradation in quality.
¢ Semen dilution
The semen was diluted at a ratio of 1:9 (semen: TCAYE extender). The eppendorf tube was
then shaken slowly to mix the extender and semen thoroughly.
* Semen enveloping
The diluted semen was placed in a French straw (0.5 mL). Each end of the straw was sealed
with an electric sealer. These straws were then arranged on a special rack for further processing.
¢ Equilibration
The rack of straws filled with semen was placed in the refrigerator at 4 °C for 60 minutes as
equilibration time.
¢ Freezing
This two stage process involved exposure to liquid nitrogen vapor at a temperature of -80 °C
for 5 minutes and complete submersion of straw into the liquid nitrogen (-196 °C) for 10
minutes. Some straws were placed in the liquid nitrogen tank for long-term sperm storage.
¢ Thawing
This process was carried out by placing the straws in the water bath at 30 °C for 30 seconds.
Then, the straws were wiped dry and both sealed ends were cut off to extract the sperm.

Analysis of Sperm

Fresh and post-thawed sperms were analyzed using the automated semen analyzer (IVOS) to
evaluate sperm movement characteristics and velocity distribution.

Statistical Analysis

All data were analyzed by using the Statistical Package for Social Science (SPSS) software package.
The effect of factors and parameters measured was demonstrated by using the Analysis of Variance

(ANOVA) followed by Duncan Multiple Range Test (DMRT).

RESULTS

Effects of Different Stages of Freezing Process on Fresh and Frozen-Thawed Sperm of Red
Tilapia (Oreochromis niloticus)

The results from this study determined the effects of different stages in the freezing process on fresh
and frozen-thawed sperm in red tilapia (concentration, total motility, progressive motility and
velocity distribution; rapid, medium, slow and static).

Table 1 shows the concentration, total motility, progressive motility and velocity distribution at
five different stages in freezing. Among the five stages, the fresh sperm stage showed the highest
values of concentration, total motility and progressive motility; whereas, the sperm after freezing
stage gave the lowest values, respectively. The results obtained demonstrated that there were
significant differences among fresh sperm to fresh sperm with extender, after vapor phase and after
freezing (for concentration), fresh sperm to sperm after equilibration time, vapor phase and freezing
stage (for total motility), and fresh sperm to sperm after vapor phase and after freezing stage (for
progressive motility).

In velocity distribution, fresh sperm with extender stage showed the highest value of rapid and
medium velocity compared to the other stages. On the other hand, sperm after freezing gave the
lowest value of rapid and slow velocities. The highest value of static velocity was the sperm after the
freezing stage. Fresh sperm gave the lowest value. There were significant differences among fresh
sperm to sperm after vapor phase and freezing (for rapid velocity distribution), fresh sperm to sperm
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for all stages (for medium velocity distribution) and fresh sperm to sperm after vapor phase and
freezing (for static velocity distribution). However, there was no significant difference within the
freezing process for slow velocity distribution.

Table 1. Concentration, total motility, progressive motility and velocity distribution (mean * S.E.) of
red tilapia at different stages of the freezing process

Sf:«ii;jsnm N Concentration H’E)(;fﬁi : Pr;%rgﬁilye Rapid Medium Slow Static
procesf (million/mL) %) y %) y (%) (%) (%) (o)
Fredh 5 181.44 + 96.93 + 4221+ 5057+ 1686+ 2550+ 314+
resh sperm 6.04b 0.53¢ 317¢ 3.99b 1.62¢ 1.722 0.524
Fresh sperm o 216.44 + 92.64 + 4057+ 5293+ 1071+ 2879+ 736+
+ extender 9.55¢ 1.05¢ 2.51ab 2.92b 1.09b 1.94a 1.050

After
Sbsai 2 168.92 + 84.86 + 4000+ 4818+ 736+ 2929+ 1518+
cquittbration 11.82b 2.26b 1.84ab 2.39b 0.46 1.89 2.28b
time
After vapor 5 108.83 + 67.82 + 3350+ 3846+ 614+ 2321+ 3218+
phase 9.93a 3.28 2.92b 3.372 0.550 1.98 3.28¢
After 28 98.49 + 61.39 + 2604+ 3021+ 736+ 2318+ 3861+
freezing 10.832 3.622 2.53 3.002 0.51 2.58 3.62¢

Note: *PMeans with different supersctipts within a column were significantly different (P < 0.05)

Effects of Different Stages in the Freezing Process for Three Individual Fish on Fresh and
Frozen-Thawed Sperm in Red Tilapia (Oreochromis niloticus)

Fresh semen

Table 2 demonstrates the concentration, total motility, progressive motility and velocity distribution
of fresh sperm among the three fish. There was no significant difference in sperm characteristics of
concentration and progressive motility. However, in total motility, there were significant differences
among Fish 1 to Fish 2 and 3, in where Fish 1 showed the highest total motility. There was no
significant difference among the three fish for rapid, medium and slow velocity distribution,
respectively. However, in static velocity there were significant differences between Fish 1 and Fish 3,
in where Fish 3 showed the highest static velocity.

Table 2. Concentration, total motility, progressive motility and velocity distribution
(mean * S. E.) of red tilapia for fresh sperm.

Fish N Concentration mT(;(iitEi}f Prr(;%r:ﬂs;;m Rapid ~ Medium Slow Static
1111 0, 0, 0, 0,

(million/ml.) ) %) (%) (%) (%) (%)
1 12 168.26 £ 98.67 37.00 = 51.33 1917+ 2850+ 150 *
8.57» 0.14> 4.76 +5.012 313 2.31a 0.152

46.00

5 8 195.25 £ 96.25 = 49.00 = 1 1400 2150+ 375+
a a a - a a ab

30.78 0.86 5.12 10,450 1.71 3.77 0.86
3 3 187.40 £ 95.00 43.25 54.00 1625+ 2500+  5.00 =
11.482 1.342 6.59 + 6.442 2.692 2.962 1.34b

Note:  *PMeans with different superscripts within a column were significantly different
(P < 0.05)
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Fresh sperm with extender

Table 3 shows the concentration, total motility, progressive motility and velocity distribution of fresh
sperm with extender for Fish 1, 2 and 3. Thete was no significant difference in sperm characteristics
of concentration and progressive motility. In total motility, there were significant differences among
the three fish in which Fish 1 showed the highest total motility. There was no significant difference
among the three fish for rapid and slow velocity distribution. However, there were significant
differences between Fish 1 and Fish 3 (for medium velocity distribution) and Fish 1 and 3 to Fish 2
(for static velocity distribution), in which Fish 1 and Fish 2 showed the highest medium and static
velocity, respectively.

Table 3. Concentration, total motility, progressive motility and velocity distribution
(mean * S. E.) of red tilapia for fresh sperm with extender.

. Total Progressive . . .
. Concentration . v Rapid Medium Slow Static
Fish N ihillion/mL) m%;tl)lt} m?jzl;q %) %) (%) (%)
1 1 198.16 95.50 4017 £ 54.33 14.00 = 27.50 4.50 =
10.72a 0.71b 3.902 + 4.352 1.91b + 2102 0.71a
5 8 241.82 87.75 & 39.00 £ 48.25 9.75 & 29.25 12.25
27.752 2.38a 5.602 t 6.432 1.42ab +5.54a £ 2.38b
3 8 21847 93.25 & 42.75 £ 55.50 6.75 = 30.25 6.75 =
5.282 1.66> 4.10a + 4.952 0.862 * 3.022 1.662

Note:  *PMeans with different superscripts within a column were significantly different

P < 0.05)
Sperm after equilibration time

Table 4 indicates the concentration, total motility, progressive motility and velocity distribution of
sperm after equilibration time for Fish 1, 2 and 3, respectively. There were significant differences in
sperm characteristics of concentration and total motility among Fish 1 and 3 to Fish 2, in which Fish
1 showed a significantly higher concentration and total motility. However, in progressive motility,
there was no significant difference among all fish. There was no significant difference among the
three fish for rapid, medium and slow velocity distribution. However, there were significant
differences between Fish 1 and 3 to Fish 2 for static velocity distribution, in which Fish 2 showed
the highest static velocity.

Table 4. Concentration, total motility, progressive motility and velocity distribution
(mean * S. E.) of red tilapia sperm after equilibration time.

. Total Progressive . . .
. Concentration g e Rapid Medium Slow Static
Fish N hillion/mL) mg;zl)‘ty m‘(ﬁff};t} %) %) (%) (%)
1 12 188.92 + 91.67 £ 4292 + 5267+  7.08%f 3183+ 833%
13.14> 1.17v 3.73a 4.692 0.722 3.50a 1.17»
) 8 121.80 = 73.38 = 38.00 = 4238+ 650+  24.63Ef 2675%
28.634 5.72a 2.20a 311 0.852 3.622 5.77v
3 8 186.03 86.13 = 37.63 = 4725+ 863+  30.13%f 1388%
14.71b 2.07b 2.19a 2.47a 0.752 1.222 2.07a

Note:  *PMeans with different superscripts within a column were significantly different

(P < 0.05)
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Sperm after vapor phase

Table 5 demonstrates the concentration, total motility, progressive motility and velocity distribution
of sperm after the vapor phase among the three fish. There were significant differences in sperm
characteristics of concentration (between Fish 1 and 3 to Fish 2), total motility (among all fish) and
progressive motility (between Fish 1 to Fish 2 and 3), in where Fish 1 showed the highest
concentration, total motility and progressive motility. There was no significant difference in rapid
and medium (between Fish 1 to Fish 2 and 3), slow (within Fish 1 and 2 to Fish 3), and static
velocity distribution (among all fish).

Table 5. Concentration, total motility progressive motility and velocity distribution
(mean * S. E.) of red tilapia sperm after vapor phase

Fish N Concentration mr{)(;tﬁiy Prr(][)l%rteﬂsii;*e Rapid Medium Slow Static
14 0 0 0, 0,
(million/mT.) %) %) (%o) (%o) (%) (%o)
1 12 129.83 = 83.92 £ 4558 + 53.58 = 7.83 2258+ 16.08 £
10.36b 1.47¢ 1.69b 1.87b 0.55b 2.19a 1.472
5 8 57.82 + 49.00 £ 26.88 * 28.38 * 475 + 1575+ 51.00
13.25a 2.82a 4.70a 4,452 1.25a 4.19a 2.82¢
3 8 128.36 = 62.50 = 22.00 = 25.88 = 5.00 = 31.63 £ 3750 £
19.58b 4.72b 5.44a 6.252 0.852 2.42b 3.28b
Note:  *P<Means with different superscripts within a column were significantly different

(P < 0.05)

Sperm after freezing

Table 6 shows the concentration, total motility and progressive motility of sperm after freezing for
Fish 1, 2 and 3. There were significant differences in sperm characteristics of concentration (between
Fish 1 and 3 to Fish 2), total motility (among all fish), and progressive motility (between Fish 1 and
Fish 2), in which Fish 3 showed the highest concentration, whereas, Fish 1 showed the highest total
motility and progressive motility. There were significant differences for rapid and slow velocity
(between Fish 1 and Fish 2), and static velocity distribution (among the 3 fish), where Fish 1 showed
the highest rapid and slow velocity, whereas, Fish 2 showed significantly the highest static velocity.
However, in medium velocity distribution, there was no significant difference among all fish.

Table 6. Concentration, total motility, progtessive motility and velocity distribution (mean * S. E.)
of red tilapia sperm after freezing

. Total Progressive . . .
. Concentration - i~ Rapid ~ Medium Slow Static
Fish N e motility motility
(million/mL) <%)t? (%)t} (%) (%) (%) (%)
1 1 108.98 £ 77.50 £ 3383+ 39.67 8.00 + 2950 2250 =
16.53b 1.86¢ 3.86P +4.51b 0.902 + 4.86b 1.862
5 3 4203 + 3875+ 16.38 + 17.88 5.75 + 1525 6125+
4.85 5.192 4.351 +4.98 0.862 +2.602 5.19¢
3 8 139.01 £ 59.88 24.00 + 28.38 8.00 £ 21,63 40.13 £
b b ab — a - b
14.35 3.50 2.37 271 0.57 3,064 3.50

Note: *PMeans with different superscripts within a column were significantly different (P < 0.05)
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DISCUSSION
Effects of Different Stages of Freezing in Red Tilapia Sperm Cryopreservation

Cryopreservation is a technique involving a series of steps including sample collection, sperm
extension, cryoprotectant selection, cooling, storage, thawing and viability detection (Tiersch, 2000).
Development of protocols for sperm cryopreservation requires suitable choices at each step and
consideration of the interactions among the factors. The methodology applied to develop sperm
cryopreservation protocols remains mostly empirical because of a lack of conformity between data
derived from theoretical work and the observed results, despite the progress of fundamental
cryobiology (Gao ¢t al., 1997; Curty ¢ al., 2000). In the cryopreservation process of the present study,
every stage showed different results of sperm motility, which meant that every stage had its own
percentage of damaging effects especially to sperm motility. The motility of red tilapia fish sperm
decreased gradually during the freezing process. The highest value of motility was obtained with
fresh sperm (96.93 £ 0.53%), followed by sperm with extender (92.64 + 1.05%), after equilibration
time (84.86 * 2.26%), and after vapor phase (67.82 + 3.28%), while the lowest value of motility was
obtained for sperm after freezing (61.39 * 3.62%). This is in agreement with Guruprasad ez al.
(2007), who reported that during cryopreservation, sperm undergo dramatic changes in their
intracellular and extracellular environment owing to exposute to cryoprotectant, cooling, freezing
and thawing.

From the results, we can obsetrve that the decrease in motility was higher at the vapor phase
stage, whereas fresh sperm and fresh sperm with extender stages showed the lowest decreasing of
motility compared to other stages. This result shows that the vapor phase plays an important role in
the cryopreservation process of red tilapia fish sperm and it is also a critical part that affects the
survivability of red tilapia sperm in the cryopreservation process. Previous studies show that cooling
and freezing are traumatic events for sperm; the extent of these effects varies with the species
(Maldjian ez al., 2004). These differences of defects or freezability of sperm ate due to the differences
in lipid composition of the sperm plasma membrane (Parks and Graham, 1992).

Due to the multiple steps and their interactions, errors at each step can accumulate and lead
to considerable losses of variable cells. Thus, careful attention should be given to the numerous
details at each step, and care should be taken to reduce or eliminate sources of uncontrolled variation

(Leibo, 2000).

Effects of Different Stages of Freezing on Red Tilapia Sperm Cryopreservation for
Individual Fish

Variation in the success rate of cryopreservation can be caused by variation in the response of sperm
of individual males to the cryopreservation process. The use of selective breeding could improve
factors in male catfish such as sperm motility, percent fertilization (dependent on egg quality), or
possibly even cryopreservation performance (Christensen and Tiersch, 2005). In the present study,
Fish 1 showed the highest value of sperm motility of frozen-thawed sperm compared to Fish 2 and
3. This observation showed that there were significant differences between individual fish in red
tilapia sperm motility. This result is in agreement with the study done by Baynes and Scott (1987),
which has shown that the decline in motility for fresh, chilled and frozen-thawed sperm was highly
variable between individual males. The problem of considerable variation between males in their
ability to withstand the freeze-thaw process occurs in other fish species (Baynes and Scott, 1987;
Malejac et al., 1990) and in mammals (Watson, 1995). This suggests a need to be selective in the
storage and use of semen from individual males to eliminate collections with low frozen-thawed
recoveries.

Throughout this study, stages after equilibration time, after vapor phase and after freezing
showed significant differences compared to fresh sperm and sperm + extender. Individual fish also
affected the percentage of survivability of fish sperm in red tilapia after freezing. From the study,
Fish 1 (77.50 £ 1.86%) gave a higher total motility percentage after freezing compared with Fish 2
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(38.75 £ 5.19%) and Fish 3 (59.88 + 3.50%). Sperm are not adapted to survive cryopreservation, and
therefore, have variable responses to cooling and re-warming, depending both on individual male
and species (Holt, 2000; Thurston ez al., 2002; Watson, 1990). The temperature related alterations in
the organizational structure of the plasma membrane (Holt and North, 1994) may have profound
effects on its functional properties. From this study we can suggest that there was variability between
individual males of red tilapia fish sperm.

In conclusion, the present study indicates that different stages of fish sperm cryopreservation
gave different effects to sperm survivability; therefore, for further study, attention should be given to
numerous details at each step to reduce sources of uncontrolled variation. There is also variability
between different individual fish, so to reduce the individual’s error; a large number of fish samples
are needed.
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