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Examinations were done under a fluorescence microscope. Results of the study
demonstrated a significant increase in ROS from fresh semen, diluted or
equilibrated before being frozen (at 12°C and 4°C). ROS production showed
no differences between frozen-thawed semen and thawed semen before the
freezing process. A significant decrease in thawed semen had shown in
membrane integrity and mitochondrial activity due to the equilibration process
in which the temperature was significantly higher at 12°C and 4°C than the fresh
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any significant causes to sperm DNA damage. This study concluded that ROS
production with its effects might be the main factor that leads to the decreasing of
sperm motility and integrity but no effect was discovered on DNA damage as the
diluting and freezing process occurred. The results have proven the previous study
which stated ROS has different mechanisms in affecting membrane integrity and
DNA integrity. It also comes to the new theory that ROS might be affected by the
chemical diluter despite the temperature of the freezing and thawing process.
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Introduction causes fertility decrease to frozen semen, as the sperm's
structure is damaged (Watson, 2000). Specific mechanisms
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increases the cattle population in Indonesia. Despite those ~ the sperm quality and physiology in the freezing process.
beneficial impacts, this technology face obstacle, which Oxidative stress is a potential factor increasing the cell
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damage caused by Reactive Oxygen Species (ROS).
Excessive ROS will be harmful as it is a detriment to the
functional sperm (Rath et al, 2009). The lipid
peroxidative chains continuously occur (autocatalytic) as
each reaction produces the latest Reactive Oxygen
Species (ROS) which means lipid peroxidation is released
and led to damaging the membrane plasm of spermatozoa
(Insani et al., 2014). High polyunsaturated fatty acids in the
plasma membrane and small amount of antioxidant in the
sperm cytoplasm makes them susceptible to oxidative stress
and peroxidative damage (Chatterjee and Gagnon, 2001).

Quality decreased in the sperm motility and fertility
caused by the oxidative damage of excessive ROS in the
freezing process has previously been studied (Roca et al.,
2005). The previous studies found that lipid peroxidation is
the main factor in damaging sperm membrane by decreasing
the physiological functions of preserved sperm at 4°C
(Vishwanath and Shannon, 2000) and the cryopreserved
frozen semen (Chatterjee and Gagnon, 2001). Oxidative
stress caused significant DNA damage to both the
mitochondrial and nuclear genomes of spermatozoa
(Aitken et al., 2013). Sperm has three membrane layers, the
plasm, mitochondrial and acrosome. each layer consists of
high polyunsaturated fatty acids, thus easily susceptible to
oxidative stress in the freezing process (Chelucci et al.,
2015). Mitochondrial damage effects are the most
detrimental, in which the sperm motility decreased with the
slightness of ATP. Energy is stored in the mitochondria as a
proton concentration gradient and an electric potential gradient
across the membrane. These gradients are generated by
electron transport maintained by the inner mitochondrial
membrane and drive the synthesis of ATP. (Kasai et al., 2002).
The sperm DNA damage caused by ROS had reported, its
affect cell development after the fertilization, high rates of
DNA damage in spermatozoa have been associated with
impaired preimplantation development of the embryo,
increased rates of early pregnancy loss and high rates of
morbidity (Aitken and Baker, 2006) because the damage to
sperms chromatin and membrane delays the nuclear fusion
and causes embryo death (Cérdova et al., 2002).

A study adding the antioxidant to the thawed semen
materials and its advantages to sperm quality had reported
(Funahashi and Sano, 2005). However, oxidative stress
specific mechanism has not been observed though it is
important in antioxidant research plan against the
damages. Therefore, this study objective was to detect
ROS production intracellularly in Indonesian Ongole bull
sperms in the freezing process with its impact on
decreased sperm motility, membrane sperm damage,
mitochondrial activity and DNA damage.

Materials and Methods

Research Materials

A total of 40 semen samples were collected from four
different Indonesian Ongole breed bulls aged 4 to 6 years
old in health conditions with normal reproductive organs.
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Chemicals

2-7-dichlorodihydrofluorescein diacetate (DCFH-DA),
Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) kit and certain chemicals purchased
from Sigma-Aldrich (Australia). The Mito Tracker
Mitochondrion-Selective Probes purchased from Thermo
Fisher Scientific (Australia).

Semen Collection and Cryopreservation

A total of 40 ejaculated semen samples (10 semen
samples per bull) were collected by artificial vagina
method from four different Indonesian Ongole bulls aged
4 to 6 years old in health conditions with normal
reproductive organs. The bulls were treated in Balai
Pengembangan Bibit, Pakan Ternak and Diagnostik
Kehewanan (BPPPTDK Yogyakarta, Indonesia). The
semen samples have to meet the standard procedure within
70% motility rates. Collected semen samples were placed
into two different aliquots, as the first aliquot was to evaluate
the fresh semen and the second aliquot was being used for
cryopreservation (at -196°C wusing liquid nitrogen).
Evaluations were performed on the fresh semen, diluted
semen and frozen semen (post thawing). Semen was diluted
into two different stages of dilution using soy skim-lecithin-
based diluent. First diluent (A) as an antibiotic buffer (skim
+ penicillin + streptomycin) 13.5 mL added with 1.5 mL
soybean lecithin. The second diluent (B) consisted of
antibiotic buffer (skim + penicillin + streptomycin) 10.8 mL
added with 1.5 mL soybean lecithin, 2.4 mL of glycerol and
0.3 gram of glucose (to gain 60 mil sperm cells motility per
ml). The buffer was maintained in a range between 6.8 - 7.0
with 7.0 in the last extender. Equilibrate the diluted semen in
the equilibration room at 4°C for 4 h, packed to 0.25 mL
straw, pre-freeze using liquid nitrogen at -20°C for 9 min and
stored in liquid nitrogen (-196°C).

Sperm Membrane Integrity. The membrane integrity
of spermatozoa was analyzed using a Hypo-Osmotic
Swelling Test (HOST) according to Gangwar et al.,
(2018). For the HOST steps, 10 pL of semen were diluted
to 100 pL of HOST solution (a mixture of 0.9 fructose,
0.49 g of citrate sodium and distillate water to reach the
final volume of 100 mL) and incubated for 30 min at
37°C. The solution was smeared on a slide, dried and
fixated in methanol solution for 10 min, rinsed in running
water and dried. A total of 200 spermatozoa were
calculated under a light microscope with a 400x
magnification. Normal membrane plasma of spermatozoa
shows swelling or curling-tail, otherwise, a damaged
membrane showed a straight-tail.

Sperm Acrosomal Integrity. The Giemsa staining
method was used to examine the acrosomal integrity of
spermatozoa (Almadaly et al., 2014). Dripping semen on
an object-glass began the staining process. Smear
preparation was done and warmed on a warming plate at
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37°C. The sample was fixed in methanol for 10 min before
being washed under running water. The sample was stained
for 3 hinastaining jar using a Giemsa solution that contained
3 mL absolute giemsa, 2 mL PBS and 35 mL distilled water.
It was then cleaned in running water and dried once more. A
light microscope with a magnification of 400x was used to
examine 200 cells. Purple heads were seen in spermatozoa
with intact acrosomes, while pale lavender heads were found
in those with damaged acrosomes. The number of
spermatozoa with an intact acrosome was divided by the total
number of spermatozoa and multiplied by 100% to
determine acrosomal status.

Sperm Mitochondrial Activities. Sperm mitochondrial
activity was examined using Mitotracker Red
Mitochondrion-Selective  Probes  (Thermo  Fisher
Scientific, Australia). To prepare the stock solution, the
Mito Tracker Red product was dissolved using
Dimethylsulfoxide (DMSO) until achieving a final
concentration of 1 mM; Molecular Weight (MW) could
be seen on the product label. The Mito Tracker Red
solution was then stored at a temperature of -20°C and
protected from light. 1 mM Mito Tracker Red stock solution
was dissolved using buffer media or growth media. The final
concentration to be used was 25-500 nM. The solution was
then centrifuged to obtain cell pellets and remove the
supernatant. Spermatozoa cells were then incubated using
the Mito Tracker red solution (37°C) for 15-45 min in dark
conditions. Once the staining was done, the cells were once
again centrifuged to obtain cell pellets and the cells were
suspended using buffer media. The samples could be
analyzed directly under a fluorescence microscope or laser-
scanning confocal microscope (Bio Rad MRC-1024). Sperm
cells with active mitochondrial activity were marked by
bright red colour on the sperm neck.

Sperm DNA fragmentation. DNA fragmentation was
examined by using the terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assay or in
Situ Cell Death Detection Kit, TMR Red version 12th
(Sigma-Aldrich, USA). The samples of semen were
smeared to an object glass, dried and fixated for an hour
at 15-25°C and rinsed with Phosphate Buffer Saline
(PBS). The stained samples were added 0.1% Triton X-
100 in sodium citrate 0.1% for two min at 2-8°C and
rinsed with PBS twice. The negative control was made by
adding 50 pL label solution and the positive control was
made by incubating the samples with DNAse recombinant
to induct DNA separation. The stained samples and controls
were dried and mixed with TUNEL assay reaction at 37°C
for 60 min and rinsed with PBS three times. The results were
examined using a laser-scanning confocal microscope at a
wavelength of 517 nm. Spermatozoa DNA fragmentation
showed as a green fluorescent.

Estimation of sperm ROS. The sperm ROS activity was
examined using 2-7-dichlorodihydrofluorescein diacetate
DCF-DA (Sigma-Aldrich, Australia). The samples were
centrifugated using media buffer and growth media to obtain
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the cell pellets and supernatant removal; incubated with an
additional 20 uM DCFDA at 37°C for 30 min under dark
conditions. After staining, centrifugated the cell pellets and
resuspended with buffer media. The samples were analyzed
under a fluorescence microscope or confocal laser scanning
microscope (BioRad MRC-1024). The highest rate of ROS
will be stained as light-green in the acrosome.

Statistical Analysis

Analysis of variance and correlation coefficient was
performed by SPSS version 24.0 (SPSS Inc., Chicago,
IL, USA) as the analysis tool. Duncan’s multiple range
test was used for treatment comparisons. The data were
in the form of motility, viability, plasma membrane
integrity, acrosome integrity, mitochondrial activity
and DNA damage of spermatozoa.

Results

Sperm Motility, Membrane Integrity and Acrosomal
Integrity

Results study revealed a decrease of sperm motility (post-
thawing) by 33% compared to fresh semen. A
similarity result to membrane integrity (26%) and
acrosome integrity (24%) comparison. A decrease
occurred in the equilibration process (at 12°C and 4°C).
Motility, membrane integrity and acrosome integrity
rates significantly decreased after equilibrated at 12°C
(P<0,05), 4°C (P<0,05) in dilution process compared to
fresh semen (Table 1).

Mitochondrial Activities

Percentages between mitochondrial activity in fresh
semen, equilibration semen and frozen-thawed semen are
given in Table 1. Fresh semen consisted of 68.60+£2.94%
cells with normal mitochondrial activity. The rates
significantly decreased to 25.4+2.15% (P<0,05) of the
frozen-thawed semen result. The sperm proportion and
mitochondrial activity decreased in the equilibration process
at 12°C and 4°C (Table 1). Examination of the spermatozoa
mitochondrial activity could be seen in the Fig. 1.

DNA Damage

The sperm DNA damage varies between 1.4 t0 3.8% ina
total average of 2.32%, while the sperm DNA damage in
frozen-thawed semen 3.82% (range between 1.8-4.6).
Differed to motility and cellular integrity, the sperm's DNA
integrity was not significantly affected in the freezing and
thawing process. In Table 1, an increase occurred in DNA
damage of equilibration at 12°C and 4°C. DNA damage
levels were increasing along with the decreased equilibration
temperature, though it revealed no differences compared to
fresh semen (P>0,05). Sperm DNA Fragmentation results
using the TUNEL assay method could be seen in the Fig. 2.
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Intracellular ROS

The post-thawing ROS production was significantly
higher compared to fresh semen (P<0,05) with the
proportion of the dead cells included, although it was not
significantly different from semen before the freezing
process (equilibration at 4°C). A total average of fresh semen
48.45+2.40 and 28.9+1.80% of post-thawing semen (dead
cells included). In the equilibration or freezing process,
sperm ROS production increased along with the rising of
equilibration temperatures at 12°C and 4°C (Table 1). The
sperm proportion and ROS were significantly higher in the
equilibration process compared to fresh semen. Intracellular
ROS results using the 2-7-dichlorodihydrofluorescein
diacetate DCF-DA method could be seen in the Fig 3.

Parameter Correlation

The correlation between ROS with sperm motility and
other functional sperm integrity metrics during the
freezing and dilution process was proven (Table 2). The
rate of ROS was negatively correlated with sperm motility
(r = -0.75) and mitochondrial activity (r = -0.84) in the
freezing or equilibration process. The mitochondrial
activity was positively correlated with motility and
negatively related to DNA damage in the equilibration
process. There is no correlation between ROS and DNA
damage to the frozen-thawed semen.

s % Y

¢

Fig. 1: Examination of the spermatozoa mitochondrial activity
using the Mito Tracker red staining method, (a) the
bright red neck spermatozoa is indicating mitochondrial
activity. whereas (b) the colourless neck spermatozoa is
showing the absence of mitochondrial activity

Fig. 2: DNA Fragmentation results using the TUNEL assay
method, spermatozoa in a bright green fluorescence
showed damaged (fragmented) DNA (a), while
spermatozoa in a dull green fluorescence showed
normal DNA (b)

Fig. 3: Intracellular

ROS
dichlorodihydrofluorescein diacetate DCF-DA method,
haed of spermatozoa in a bright green fluorescence
showing ROS activity (a), while spermatozoa in a dull
green fluorescence showing the absence of ROS active

Table 1: Ongole grade bull spermatozoa quality parameters before and after Cryopreservation

using the  2-7-

Characteristics Fresh semen Equilibration (12°C)  Equilibration (4°C) Frozen-thawed semen
Motility 79.00+0.502 70.15+1.45° 65.13+1.25° 53.63+1.00¢
Membrane Integrity 63.65+0.862 54.59+0.62° 51.69+0.72° 47.48+0.94%
Acrosome Integrity 61.82+0.622 52.35+0.43° 48.31+0.53° 46.97+0.58°
Mitochondrial activities 68.60+2.942 66.80+3.252 53.70+2.45P 25.4+2.15°¢

DNA damage 2.32+0.922 2.82+0.75% 3.15+0.522 3.82+0.722
Intracellular ROS (Dead Cells Included) 47.45+2 402 50.72+2.652 58.76+3.84° 59.65+1.80°

abe Different lowercase superscripts in the same row show the significant difference (P<0.05)
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Table 2: Relationship between ROS, motility, Mitochondrial activity and DNA damage of spermatozoa in fresh, before freezing and

frozen-thawed PO bull semen

Correlation coefficient

Bet between parameters Fresh semen

Equilibration (12°C)

Equilibration (4°C) Frozen-thawed semen

ROS and motility -0.59
ROS and mitochondrial activity -0.78
Mitochondrial activities and Motility 0.81
ROS and DNA damage 0.61
Mitochondrial activities and DNA damage -0.55
Motility and DNA damage -0.29
Membrane Integrity and Mitochondrial activities  0.71

-0.65 -0.75* -0.26*
-0.81 -0.84 -0.30*
0.87 0.92 0.86
0.69 0.77 0.35*
-0.64* -0.66* -0.25*
-0.35 -0.48* -0.26
0.77 0.81 0.76

*Values in the same row show the significant difference compared to fresh semen (P<0.05)

Discussion

The post-thawing semen fertility rates might be
agitated by intracellularly and extracellularly damage
during cryopreservation. Several factors were correlated
with cry damage, thereby the possible major cause was
one mediated by ROS (Chatterjee and Gagnon, 2001;
Guthrie and Welch, 2006). The biochemical and
mechanical factors had proven their roles in inducing the
ROS production in sperm. A previous study reported the
sperm quality decreased as related to the increasing ROS
on cryopreservation (Chatterjee and Gagnon, 2001).

This study revealed the sperm ROS was significantly
increasing in fresh semen and during diluted or
equilibrated before the freezing process at 12°C and 4°C,
while in frozen-thawed semen had not significantly found
the difference of ROS production compared to the diluted
semen before the freezing process. The ROS production
was increasing along the equilibration process at 4°C.
Metabolic activity, which is relatively stable in the
freezing process at 4°C, has a major role in increasing
sperm ROS. The decreased ROS comparison between
frozen-thawed semen and diluted semen before the
freezing process might be affected by metabolic activity
decrease and the living cells. Therefore, the free radicals
are found in living cell's metabolic activity. Kadirvel et al.
(2009) stated a slight difference in the frozen semen study
that was no increasing ROS in the fresh semen process to
frozen-thawed semen. Those might be caused by a
different  diluent used. ROS production in
cryopreservation and antioxidant decreased enzyme in
the freezing process (Bilodeau et al., 2000) were
causing biochemical damage in sperm cell functions
(Chatterjee and Gagnon, 2001). Thus concluded the
diluent has substantial roles in protecting from
cryodamage (Bucak et al., 2008).

Cryopreservation  significantly — decreased  the
mitochondrial ~activity (P<0,05). The decreased
mitochondrial activity sequentially occurred in the

equilibration (at 12°C and 4°C), freezing and thawing
process. The results correlated to the previous study as
found in humans (Paasch et al., 2004), wild boar (Guthrie
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and Welch, 2006) and buffalo (Martin et al., 2004). As ROS
is produced intracellularly in mitochondrial, this caused the
electron transport process disrupted (Halliwell and
Gutteridge, 2015). ATP which is produced in
mitochondrial needs an optimal mitochondrial activity
to transport electrons and this could be disrupted by
ROS production. Besides, mitochondrial activity and
sperm motility mostly affected by ROS production
(Sawyer et al., 2003). ROS is a crucial factor in the
physiological process as capacitation, acrosomal
mechanism activity and signaling fertility mechanisms
(Bansal and Bilaspuri, 2011). ROS production and its
impact correlated with the motility decrease and
functional sperm integrity in the dilution process at
4°C, however, ROS production had a slight effect on
the thawing process (Kadirvel et al., 2009).

This study concluded that ROS might affect motility
and mitochondrial activity in the dilution and
equilibration process (Table 2). The high mitochondrial
activity had a positive correlation with sperm motility.
However, the ROS correlation was negative during the
equilibration (at 12°C and 4°C) or dilution process.
Previous studies discovered the dynamic relation
between sperm motility, mitochondria activity and
ROS in humans (Wang et al., 1997) and wild boar
(Guthrie and Welch, 2006). According to the current
and relevant studies, it has concluded that they have an
identical mechanism as motility decreased has
correlated to oxidative stress. Frequently used
mechanism refers to lipid peroxidation in the sperm
membrane (Aitken and Baker, 2006). One of the
peroxidation effects is increasing the membrane
permeability or decreasing sperm membrane integrity.
These could affect the cells' ability to control ions
which roles to manage the sperm movement. Motility
decreased after ROS binding was caused by ATP
slightness in mitochondrial activity without the
following increase to lipid peroxidative. Thus, the ROS
might negatively impact the sperm motility through
mitochondrial functions decreased. Gravance et al.
(2000) has concluded that the decreased sperm motility
is caused by a disrupted mitochondria activity.
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Mitochondria are located in the spermatozoa midpiece
and produce accessible energy to the tail of sperm, thus
facilitating efficient propulsion for the sperm both to
reach the oocyte and to penetrate its zona pellucida
(O’Connell et al., 2002). The decrease in the motility of
spermatozoa after freezing and thawing can be around
24-64% (Ozkavukcu et al., 2008). The decrease in
motility is related to mitochondrial activity (Conell et al.,
2002). Mitochondrial damage disrupts Adenosine
Triphosphate (ATP) production. Mitochondria are the cell's
main source of oxidative energy in the production of ATP
via the electron transport system (Silva and Gadella,
2006). Following the above-mentioned study, we found
in bovine spermatozoa that motility and mitochondrial
activity were almost equally vulnerable to the freezing
and thawing process because values were nearly
identical and highly correlated with each other.

There is a correlation between progressive sperms
motility and mitochondrial activity, both in bulls and wild
boar cryopreservation (Martin et al., 2004; Guthrie and
Welch, 2006). Membrane damage and motility-loss in
cryopreservation are related to the decreasing
mitochondrial activity caused by mechanical and
chemical factors. The mechanical factor is mainly caused
by temperature change and diluters as the chemical
cause. Alvarez and Storey (1993) proposed two
different hypotheses regarding cryodamage to the
membrane, it might be caused by lipid peroxidative and
ROS stress induction. They stated that oxidative stress
contributes to cryodamage higher than lipid
peroxidative. =~ Membrane  damage and lipid
peroxidation were separated mechanisms that have no
correlation in between (Brouwers and Gadella, 2005).
Our study discovered that the decreased mitochondrial
activity more contributed to decreased sperm motility
in the post-thawing semen, while the equilibration or
dilution process correlated to oxidative damage in
decreased semen motility.

Chromatin changes and decreased DNA integrity of
mammalian sperm had been studied earlier
(Agarwal and Said, 2003). Although the mechanism of
the increased DNA nuclear damage has not been clearly
explained, a potential explanation is the excessive ROS
production can cause DNA damage (Aitken and Baker,
2006). In previous research models, there was a
substantial obstacle in mitochondrial function found in
DNA fragmentation which is expected as the factor in
decreasing the mitochondrial activity. This was
followed by the high production of ROS (Henkel et al.,
2004). In the dilution and frozen-thawed process, we
had observed DNA damage in the Ongole breed was
not affected by cryopreservation. Marin et al., (2004)
and Isachenko et al., (2004-) reported the sperm DNA
integrity was not affected during cryopreservation.
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Conclusion

ROS production and its effect might be the main factor
in decreasing sperm motility and cellular integrity in
diluting and freezing process. However, ROS has no
effect on DNA damage under the same conditions.
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