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Abstract. The cryopreservation process might reduce the quality of spermatozoa due to an increase in the production of reactive oxygen
species (ROS) compounds during cooling, freezing, and thawing. The quality of spermatozoa can be maintained by adding glutathione
as an exogenous antioxidant into cryo-diluent. This study aimed to examine the effect of the addition of different doses of glutathione in
cryopreservation of Aceh Local catfish (Clarias gariepinus) spermatozoa after freezing. The method used was a completely randomized
design (CRD) with four treatments and four replications. Fresh semen was diluted in Ringer, 15% DMSO, and 20% Fetal Bovine Serum
(FBS) and then added with glutathione antioxidants of 0.0 mgL?, 0.5 mgL™, 1.0 mgL™, and 2.0 mgL™. The parameters observed in this
study were motility, integrity of the plasma membrane, fertility, and DNA integrity. The results showed that the concentration of gluta-
thione had no effect on motility, integrity ofthe plasma membrane, or fertility, but had an effect on DNA integrity. The highest percent-
age of motility and plasma membrane integrity respectively was 40.50% (P3) and 70.87% (P2). Furthermore, the assessment of DNA
integrity showed that there was no DNA fragmentation both treatments and fresh spermatozoa. This research is the first study regarding
glutathione supplementation in cryo-diluent of Aceh Local catfish spermatozoa. Finally, the results obtained can provide information
about the exact concentration of glutathione in the extender on the quality of spermatozoa of Aceh Local catfish (C. gariepinus) after the
cryopreservation process. These results can also increase the success of fertility be used by the seed hall unit and the aquaculture indus-
try to increase the productivity and supply high quality seeds.
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INTRODUCTION number of male broodstock at the hatchery (Adipu et
al., 2014).

One effort offered to overcome this problem is by
applying the spermatozoa cryopreservation method
(Sulmartiwi et al., 2011; Muchlisin et al., 2015;
Muthmainnah et al., 2018). The cryopreservation
method allows unlimited genetic material to be stored
to ensure the availability of germplasm. Cryopreser-
vation can eliminate the time and place limits in the
supply of spermatozoa for artificial insemination. The
use of cryopreservation method is more efficient,
economical, and effective (Cabrita et al., 2010). How-
ever, cryopreservation has the disadvantage of caus-
ing damage to the spermatozoa plasma membrane due
to cooling, freezing, and thawing which can reduce

Aceh Local catfish (Clarias gariapinus) is a
commercial freshwater fish and one of the most popu-
lar aquaculture species in the world (Asraf et al.,
2013). The fish have high economic value for con-
sumption purposes. Aceh Local catfish are resistant to
disease, have high growth rates as well as the ability
to tolerate various environmental conditions. In addi-
tion, catfish contain high nutritional value including
15-18% protein, 5-10% fat, 1.2% vitamins, and 1.2%
minerals (Wachirachaikarn et al., 2009). Aceh Local
catfish are labeled in the red list category of endan-
gered species in the LC (least concern) category ac-
cording to the International Union for Conservation of

Nature (Konings et al., 2018). The existence of this
fish needs to be preserved through breeding with the
aim of cultivation for both consumption and conser-
vation. However, the obstacle regarding the men-
tioned program is that the gonad maturity of Aceh
Local catfish only occurs in the rainy season and af-
fecting the reduction of the gametes supply
(Mahyudin, 2013). Also, in artificial spawning, male
catfish must be sacrificed which results in a reduced

their quality and viability (Dhanju et al., 2001; Zilli et
al., 2005).

This negative effect is due to an increase in the
production of reactive oxygen species (Bucak et al.,
2010). Reactive oxygen species (ROS) are com-
pounds produced naturally in cellular metabolism that
oxidize reactive oxygen derivatives (Valko et al.,
2007). This compound is easy to bind with polyun-
saturated fatty acids which constitute the majority of
the structural composition of the spermatozoa mem-
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brane. Excess ROS will weaken the enzymatic de-
fense of antioxidants and causes oxidative stress on
cells as well as damage to DNA, protein, and fat
which results in decreased quality of spermatozoa
(Eriani et al., 2018). Antioxidants are nucleophilic
compounds that have the ability to reduce and sup-
press free radical reactions, slowing down and pre-
venting lipid oxidation. The quality of spermatozoa
can be maintained by the addition of antioxidants
(Shui et al., 2004). Glutathione is one of the exoge-
nous antioxidant compounds that reduces the occur-
rence of lipid peroxidation reactions in the plasma
membrane of spermatozoa cells (Raijmakers et al.,
2003). Lahnsteiner et al. (2011) reported that the addi-
tion of 1 mmol/l glutathione to the cryopreservation
of Brook trout (Salvelinus fontinalis) sperm resulted
in a fertility rate of 76.3%. Muthmainnah et al.
(2018), conducted a cryopreservation study on Seu-
rukan fish (Osteochillus vittatus) with the addition of
0.5 mg/ml glutathione resulting in a fertility rate of
51.33%. However, the application of glutathione in
the cryopreservation of Aceh Local catfish (C.
gariepinus) spermatozoa has not been studied. There-
fore, further research was needed regarding the ad-
ministration of glutathione in cryopreservation of
Aceh Local catfish sperm.

The results of this study were expected to provide
information about the optimum concentration of
glutathione to maintain the quality of spermatozoa
after cryopreservation. The results could also be uti-
lized by the seed hall unit and aquaculture industry to
increase theproductivity and supply of high quality
seeds. The seeds produced from the cryopreservation
process will be released into their natural habitat to
support conservation programs.

METHODS

Broodstock Preparation and Sperm Extraction

Samples of Aceh Local catfish (C. gariepinus)
broodstock were obtained from the market, as many
as 20 Aceh Local catfish were recorded with a weight
of 1000 g. Ovaprim at concentration of 0.3 ml/kg
body weight was injected intramusculary to male
broodstock to stimulate spermiation. The spermiation
process took about 10 hours, beginning after the hor-
mone injection. Following that, the male broodstock
was dissected to obtain the gonad. During the dissec-
tion, the sperm was protected from water and any ash
to avoid sperm death. Next, the quality of the sperm
was evaluated.

Spermatozoa Dilution

The cryopreservation process of Aceh Local cat-
fish spermatozoa began with the preparation of dilu-
ent (extender) in the form of Ringer’s solution. The

Ringer’s solution was made based on Muchlisin et al.,
(2004), which details that 50 ml Ringer's solution
requires 0.375g NaCl, 0.01 g KCL, 0.01g CaCl,, and
0.01g NaHCO;. Next, each 6.5 ml of the Ringer’s
solution were distributed to four different tubes (vol.
10 ml).Two (2) ml of fetal bovine serum (FBS) and
1.5 ml of DMSO were added to each tube resulting in
a concentration of 20% FBS and 15% DMSO respec-
tively. Then, 0.5 ml of sperm was added to the tube
resulting in final semen dilution rate of 1:20. The
dilution was then distributed into four cryotubes (as
repeats), as each cryotube is filled with 2 ml of dilut-
ed sperm. Finally, 0.005 mg of glutathione was added
to the cryotube to get a concentration of 0.5 mgL™,
0.01 mg glutathione for 1.0 mgL™ and 0.02 mg gluta-
thione for 2.0 mg L™.

Freezing and Thawing

The samples were stored in a refrigerator for equi-
libration at temperature of 4-5°C for 5 minutes. The
samples were then evaporated at a distance of 6 cm
above the surface of the liquid nitrogen (-79°C) for 5
minutes. The samples then were immediately put into
a container of liquid nitrogen with a temperature of -
196°C to be stored for two weeks. After those two
weeks, Cryotubes were taken from the container and
placed in a water bath at a temperature of 37°C for 5
minutes (Muchlisin et al., 2015).

Motility and Integrity of Plasma Membrane

The percentage of sperm motility was observed by
dropping a few drops of sperm on a microscope slide,
then covered with a cover glass. Parameters were
observed based on five different fields of view under
a binocular electric microscope with a magnification
of 400x. The integrity of the plasma membrane was
examined by using the Hypo-osmotic Swelling Test
(HOS-Test) method. Healthy spermatozoa had a cir-
cular or swollen tail, while damaged spermatozoa
showed a straight tail when exposed to a hypo-
osmotic solution. They were then incubated at 37°C
for 15 minutes. Spermataozoa was observed based on
Eriani, et al (2017) using a binocular electric
microscope with a magnification of 100x.

Fertilization

Ovaprim at a concentration of 0.3 ml/kg body
weight were injected intramuscularly into Female
broodstocks. The process of ovulation took over 10
hours after injection. Next, the broodstocks weres
stripped and the eggs were placed in a container. Four
(4) ml of the eggs were placed into petri dishes and
mixed with 1ml of sperm solute (ratio of sperm to egg
1: 4). Two drops of water were then added to activate
the sperm, stirred using a feather, and left for two
minutes. Fertility rate was calculated two hours after

126



Raudhah Mahfudhah et al. / Biosaintifika 12 (1) (2020): 125-131

mixing the sperm with the eggs (Dardiani & Sary,
2010).

Analysis of DNA Damage

The quality of fresh and frozen spermatozoa DNA
was analyzed using a Genetic DNA Purification Kit
(Promega, 2017). The process then was continued
with electrophoresis using 1.5% agarose gel in TBE
buffer solution in an electrophoresis chamber at 135V
voltage. The electrophoresis process was stopped
after 30 minutes. The methodwas carried out by plac-
ing an agarose gel on transilluminator platform and
the band was compared to the markers and the am-
plicon band. The results were then documented. The
DNA that experienced damage due to freezing was
characterized by the formation of fragments when
visualized using the transilluminator platform after
electrophoresis (Yusoff et al., 2018).

Data analysis

Data were analyzed using ANOVA and SPSS Ver-
sion 17, and continued with the Duncan Test. DNA
fragmentation data were analyzed descriptively and
presented in the form of images.

RESULT AND DISCUSSION
Quiality of Fresh Semen

Fresh semen of Aceh Local catfish used in this
study had met the standards to be continued to freez-

€ —

ing process. Semen was collected from healthy male
catfish characterized by a body without any defects
(Figure 1). The average concentration of Aceh Local
catfish spermatozoa in this study was 4.2 x 10° mI™,
milky white in color, and with a thick consistency.
This results are not much different from the results
reported by Rustidja (2000) and Fagih (2011). Mass
movements show a slightly slow movement with an
average sperm motility of 62.25% (Table 1).

Table 1. Quality assessment of Aceh Local Catfish
(C. gariepinus) fresh semen

Parameter Result
Sperm cell concentration (10° /ml) 4.2 +1.9

pH 8

Color Milky white
Consistency Thick

Mass movement ++

Motility (%) 62.25+£0.95
Viability (%) 89.66 £ 3.54

+++: mass movement of spermatozoa moving for-
ward, slightly slow and resembling thick clouds

Quality of Spermatozoa after Cryopreservation

Motility is one of important parameters to deter-
mine the success of fertilization (Kang et al., 2004).
The percentages of sperm motility of Aceh Local
catfish are shown in Table 2.

Figure 1. Morphologyof Aceh Local Caatfish (C.gariepinusg; (a) head, (b) barbel, (c) mouth, (d) abdomen, (e)

pectoral, (f) dorsal, (g) anal, (h) caudal

Table 2. Percentage of motility, plasma membrane integrity (PMI),and fertility of Aceh Local catfish (Clarias

gariepinus) after freezing

Glutathione Concentration (mg L") Motility (%)  PMI (%) Fertility (%)
0 (Control) 33.25" +4.43 69.62+7.00° 70.50% 4.79°

0.5 34.50°+4.43 57.00+15.1* 68.75+9.17°

1.0 39.25°+5.16 70.87+8.86% 70.50%7.14°
2.0 40.50°+5.74 62.25+7.59° 72.50+11.09°

Note: Means in the same column with different superscripts are significantly different (P<0.05)
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The results of motility in this study show there was
no significant difference among all treatments. The
motility of Aceh Local catfish spermatozoa in this
study were 40.50% (P3), 39.25% (P2), 35.50% (P1),
and 33.80% (P0). These values indicates that the
higher concentration of glutathione, the higher rate of
motility. This is in line with Raijmakers et al., (2003)
who stated that high concentrations of glutathione can
maintain spermatozoa motility.

The percentage of motility in P3 (40.50%) is high-
er than in the control (33.25%) due to the presence of
glutathione. Glutathione is considered as an exoge-
nous antioxidant that can react against ROS by acting
as cofactor for glutathione peroxidase which serves as
a catalyst to reduce the toxic effects of hydrogen per-
oxide (Bilodeau et al., 2000). Glutathione acts as a
free radical scavenger, stabilizing the membrane
structure by eliminating or suppressing the formation
of peroxide in lipid peroxide reactions (Price et al.,
1990; Maia et al., 2009; Suryohudoyo 2000).

However, the low concentration of glutathione is
unable to protect spermatozoa during the cryopreser-
vation process. As shown in Table 1 and 2, the de-
crease in motility of Aceh Local catfish spermatozoa
from fresh semen (62.25%) to P1 (34.50%) is pre-
sumably caused by the low concentration of glutathi-
one that cannot maintain the motility of spermatozoa.
This is in accordance with Holt (2000) who stated that
glutathione at low concentration cannot work effec-
tively in protecting spermatozoa from damage that
caused by ROS. Excessive and unbalanced ROS pro-
duction weakens the antioxidant enzymatic defense
system, causing oxidative stress. Oxidative stress on
spermatozoa destabilize the plasma membrane caus-
ing a reduction in sperm motility (Rizal, 2010).

The process of spermatozoa collection is also con-
sidered to be the cause of low rates of motility as
reported by Urbanyi et al. (1999) in cryopreservation
of Aceh Local catfish using the combination of 12%
DMSO and fructose resulted in sperm motility at 25%
after thawing. Lutfi et al. (2011) also reported that the
addition of Ringer’s with 15% DMSO resulting in
Aceh Local catfish motility at 33.6%. The low motili-
ty rate in this study is probably due to the dissection
process during sperm collection. Akcay et al. (2004)
reported that the cryopreservation of carp semen us-
ing Ringer’s and 2% of DMSO with the application of
stripping method in gaining sperm, resulted in a mo-
tility rate of 55%. In comparison, the decrease in mo-
tility of Aceh Local catfish spermatozoa is considered
due to the unfinished process of development, likely
in the stages of spermatogonia or spermatocytes.

The concentration of glutathione used for Aceh
Local catfish in this study was lower compared to the
study carried out by Muthmainnah et al. (2018) in
Kawan fish (Osteochilus vittatus) with an optimum

concentration of glutathione was 40 mgL™ which
resulted in a rate of motility 0f48.88%. The results of
this study are in line with Lahnsteiner et al. (2011)
who reported that the addition of 3 mmol/l glutathi-
one in the cryopreservation of Trout (Salvelinus fon-
tinalis) spermatozoa resulted in a motility rate of
28.7%. Therefore, it is assumed that by considering
the high economic value of glutathione, the optimum
concentration of glutathione for the motility of Aceh
Local catfish spermatozoa is 1.0 mgL™.

Plasma membrane integrity is one of determinants
of the quality of spermatozoa. The highest percentage
of plasma membrane integrity in this study were P2
(70.87%), PO (69.62%), P3 (62.25%), and P1
(57.00%). The statistical test showed that treatments
PO, P1, P2 and P3 were not significantly different.
These results indicate that glutathione is able to pro-
tect MPU from damage after freezing. In the other
hand, FBS (which was also added into dilution) con-
tain various elements such as hormones, vitamins,
proteins, and other growth factors. The addition of
FBS is an important factor in protecting the integrity
of the plasma membrane during freezing (Garzon et
al., 2008). In this study, FBS is used as a substitute
for egg yolk (extracellular cryoprotectant) because
FBS has a positive effect on protein, serum, and li-
pids, which play an important role in the clotting pro-
cess as a defense mechanism in the instability of
plasma membranes. In addition, it turns out that FBS
also acts as a cryoprotectant compound (Koh et al.,
2010)

Integrity of the plasma membrane is an important
factor for the survival of spermatozoa. Damaged
plasma membrane will affect the metabolic processes
of spermatozoa which are related to the viability of
the spermatozoa produced (Rizal 2005). Metabolism
can work well as long as the plasma membrane still
has its integrity. It can regulate traffic in and out of all
the electrolytes needed in the metabolic process
(Herdis et al., 2003). In addition, the integrity of
plasma membrane is important to allow penetration of
egg cell during the fertilization process (Ansari et al.,
2010).

Fertilization is the ability of fish spermatozoa to
fertilize an egg. The statistical tests show that there
was no significant effect on fertilization rate among
all treatments. The fertilization rate in this study is
higher than Muthmainnah (2018) who reported that
the fertilization rate of seurukan fish (O. vittatus) by
the supplementation of 40 mgL™ DMSO is 45.67%.
The higher percentage of fertilization in this study is
due to the fact that serum (FBS) can increase the
chance of interaction between the pellucid zone and
spermatozoa and thereby increase the fertilization. In
this case, the presence of serum stimulates the occur-
rence of capacitations in spermatozoa and acrosome
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reactions. These results are in line with those reported
by Alcay et al. (2019) who used Bovine Serum Al-
bumin (BSA) as a substitute for egg yolk in the ex-
tender. BSA has a multifunctional effect on spermato-
zoa because of its macromolecular structure and anti-
oxidants content.

The hormone content in the serum has a positive
effect on the mechanism of fertilization. Some re-
searchers report that there are certain components that
are contained in serum such as protein, hemoglobin,
glucose, insulin, cortisol, hormones, parathyroid, and
prostaglandin E. These components make a serum
that protects against the threats that come from the
environment (Garzon et al., 2008; Yusoff et al.,
2018). The results of this study also showed that the
relationship between motility and fertilization was not
directly proportional. This is presumably because the
fertilization rate is not only influenced by the motility
of spermatozoa but also influenced by the quality of
the egg. This is consistent with the findings of Ardias
(2008) who stated that the success of fertilization is
strongly influenced by the quality of spermatozoa and
the condition of the egg. Another cause of low fertili-
zation rate is likely because spermatozoa unable to
penetrate the eggs. Egg hole will be closed approxi-
mately one minute after exposed to water.

Assessment of DNA Integrity (Post-Thawing)

This study used a DNA laddering analysis method
through gel electrophoresis by separating DNA frag-
ments based on molecular weight. DNA analysis
needs to be administered to examine DNA damage
after cryopreservation. The results of the analysis of
DNA integrity in frozen spermatozoa cells diluted in
extenders plus various concentrations are presented in
Figure 2.

Figure 2. Electrogram of spermatozoa DNA of Aceh
Local catfishLine 1=marker DNA, Line 2=DNA of
fresh sperm, Line 3=DNA PO, Line 4=DNA P1, Line
5=DNA P2, Line 6=DNA P3

Figure 2 shows that higher glutathione concentra-
tions can maintain DNA integrity after cryopreserva-
tion as described by Raijmakers et al., (2003) and

Bucak et al., (2010). Glutathione is thought to play a
role as chelating agents as reported by Bucak et al.,
(2010) who stateds that antioxidants such as glutathi-
one are capable of binding free radicals produced in
the freezing process. Glutathione also takes part in the
process of amino acid transport as well as DNA and
protein synthesis. In line with the results of this study,
Putranti et al., (2010) reported that the protein in dilu-
ents also help in maintaining the stability and perme-
ability of spermatozoa plasma membranes by protect-
ing the membrane, so that, only a few phospholipids
of the plasma membrane undergo peroxidation. In this
case, the addition of glutathione maintains the struc-
ture of DNA, making it remain stable, but the mecha-
nism still unknown certainly. However, Yusoff et al.,
(2018) stateds that DNA laddering cannot be used as
a benchmark in determining motility and fertilization.

This research is the first study to investigate the
quality and DNA of spermatozoa after cryopreserva-
tion using Ringer’s extender and cryoprotectant
(DMSO and FBS) added with glutathione as an anti-
oxidant.

The results obtained can provide information
about the exact concentration of glutathione in the
extender on the quality of spermatozoa of Aceh Local
catfish (C. gariepinus) after the cryopreservation pro-
cess. These results can also increase the success of
fertility be used by the seed hall unit and the aquacul-
ture industry to increase the productivity and supply
high quality seeds.

CONCLUSION

The addition of 2.0 mg L™ of glutathione can
maintain the quality of motility (40.50° + 5.74) and
DNA integrity of Aceh Local catfish spermatozoa.
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