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ABSTRAK

Putri F, Karja NWK, Setiadi MA, Kaiin EM. 2023. Pengaruh konsentrasi spermatozoa dan penambahan antioksidan melatonin
pada pengencer terhadap kualitas spermatozoa domba post-thawing. JITV 28(1):1-10. DOI: http//dx.doi.org/10.14334
[jitv.v28.i1.3069.

Penelitian ini bertujuan untuk melihat pengaruh konsentrasi spermatozoa dan efektifitas suplementasi melatonin pada
pengencer terhadap kualitas semen post-thawing. Semen ejakulat dikoleksi dengan menggunakan metode vagina buatan (MVB).
Penelitian dilakukan dalam dua tahap, pertama semen dibekukan dalam pengencer andromed dengan konsentrasi yang berbeda
dalam satu straw (50, 100, 200 juta perstraw), yang kedua semen dibekukan dalam pengencer yang disuplementasi melatonin
dengan dosis berbeda (0, 0,5, 1,0 dan 1,5 mM melatonin). Parameter yang diamati adalah pergerakan spermatozoa dengan
menggunakan Computer Assisted Sperm Analysis, keutuhan membran dan keutuhan akrosom. Data dianalisis menggunakan
Anova dan di uji lanjut menggunakan uji Duncan. Hasil penelitian menunjukkan bahwa kualitas dan pola pergerakan semen domba
tidak terdapat perbedaan signifikan saat dibekukan dengan konsentrasi 50, 100, maupun 200 juta perstraw (P>0,05). Penambahan
melatonin dengan konsentrasi 1,0 mM pada pengencer memberikan pengaruh terhadap motilitas total dan motilitas progresif
spermatozoa (P<0,05) tetapi tidak memberikan pengaruh yang signifikan terhadap persentase karakteristik pola gerak spermatozoa.
Dari hasil penelitian dapat disimpulkan bahwa konsentrasi spermatozoa perstraw tidak memberikan pengaruh terhadap kualitas
semen domba dan suplementasi melatonin dalam pengencer dapat mengurangi efek negatif selama proses frozen-thawed terhadap
motilitas, tudung akrosom dan integritas membran plasma pada semen domba. Suplementasi melatonin dengan konsentrasi 1 mM
pada bahan pengencer merupakan konsentrasi dengan kualitas terbaik pada penelitian ini.

Kata Kunci: Kriopreservasi, Konsentrasi Semen, Melatonin, Kualitas Post-thawing
ABSTRACT

Putri F, Karja NWK, Setiadi MA, Kaiin EM. 2023. Influence of sperm number and antioxidant melatonin addition in extender on
the quality of post-thawing sheep spermatozoa. JITV 28(1): 1-10. DOI: http//dx.doi.org/10.14334/jitv.v28.i1.3069.

This study aimed to examine the effect of spermatozoa concentration and the effectiveness of melatonin supplementation in
diluent on the quality of post-thawing semen. Ejaculated semen was collected using the artificial vaginal method (MVB). The
study was carried out in two stages, firstly semen was frozen in andromed diluent with different concentrations in one straw (50,
100, 200 million per straw), and the second was frozen semen in diluent supplemented with melatonin with different doses (0, 0.5,
1, 0 and 1.5 mM melatonin). Parameters observed were the movement of spermatozoa using Computer Assisted Sperm Analysis,
membrane integrity, and acrosome integrity. Data were analyzed using ANOVA and further tested using Duncan's test. The
results showed no significant difference in the quality and movement pattern of sheep semen when frozen at concentrations of 50,
100, or 200 million per straw (P>0.05). Furthermore, adding melatonin to the diluent in this study affected spermatozoa’s total
motility and progressive motility at a concentration of 1.0 mM (P<0.05) but did not significantly affect the percentage of
spermatozoa motility pattern characteristics. From the results, it can be concluded that the concentration of per straw spermatozoa
does not affect the quality of sheep semen, and melatonin supplementation in diluent can reduce the effects of the frozen-thawed
process on motility, acrosome cap, and plasma membrane integrity in sheep semen. Melatonin supplementation with a
concentration of 1 mM in the extender was the highest quality concentration in this study.
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INTRODUCTION pools and the expansion of desired reproductive merits

(Salmani et al. 2013). However, the cooling, freezing,

Cryopreservation of semen is an efficient technique  and thawing processes cause physical and chemical

to save sperm cells, allowing the preservation of gene  stress on the spermatozoa membranes, reducing their
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viability and fertility (Chatterjee et al. 2005). One cause
of this decline is due to the action of the reactive oxygen
species (ROS) generated by the cellular components of
semen, abnormal spermatozoa, and neutrophils, namely,
a superoxide anion radical (O27), hydrogen peroxide
(H202) (Perumal, 2014). Spermatozoa are susceptible to
OS because their plasma membrane contains an
unusually high percentage of polyunsaturated fatty acids
(PUFASs) exposed to a damaging process called lipid
peroxidation. Lipid peroxidation occurs as electrons
from plasma membrane lipids are stripped away by ROS,
which propagates a chain of redox reactions that
eventually generates highly mutagenic and genotoxic
electrophilic aldehydes such as malondialdehyde
(MDA), 4-hydroxynonenal (4- HNE), and acrolein (Bui
et al. 2018). 4- HNE is derived from lipid
hydroperoxides of w- 6 fatty acids such as linoleic acid,
and arachidonic DNA damage observed in spermatozoa
results from OS. It is an essential characteristic of semen
quality and, therefore, a useful marker in diagnosing
male infertility (Bui et al. 2018).

The semen sample must be appropriately diluted to
allow enough per straw sperm for artificial fertilization
(Kalita et al. 2019). The combination of different storage
temperatures and reduced sperm concentration at
refrigerated insemination doses has recently been studied
in cattle (Murphy et al. 2013; Murphy et al. 2016;
Murphy et al. 2018). In rabbits, after 48 hours of
refrigerated storage, higher sperm concentrations (30 and
60 x 10° spermatozoa/mL) were associated with higher
overall motility (Johinke et al. 2015). Another study
stated, In bovine, no significant reduction in fertility of
liquid semen when sperm concentration was reduced
from 10 to 1.5 x 10° sperm per insemination dose
(Shanon et al. 1984). The suggested dose of semen is 0.1
to 0.2 ml with about 50 to 100 million active
spermatozoa. About 50 to 100 million spermatozoa are
needed in one dose for vaginal insemination, but 25 to 50
million are suggested for cervical insemination, and 15
to 20 million are enough for laparoscopic Al (Yusuf et
al. 2005; Gergatz 2007). However, several scientists
have used much higher numbers: 100 (Fernandez-Abella
etal. 2003), 50 to 300 (Ehling et al. 2003), and 400 (King
et al. 2004) million spermatozoa in one dose of semen.
Because there is no straightforward enterprise standard,
it is necessary to research whether there is an effect of
concentration differences on the quality of post-thawing
sheep spermatozoa.

Several studies were carried out to improve
semen quality by adding antioxidants such as vitamin C
(Trilaksana et al. 2016), glutathione (Salmani et al.
2013), and melatonin (Succu et al. 2011). In recent
years, melatonin has been widely used as an additional
antioxidant in cryopreservation. Ashrafi et al.
(2013) reported that supplementation of melatonin in the
freezing medium could counteract the adverse effects of
the freeze-thawing process on the motility, viability,

normal morphology, and plasma membrane integrity in
bull spermatozoa with a concentration of 2 mM. At the
same time, Succu (2011) reported that doses of one mM
of melatonin led to higher viability rates and higher
percentages of total motile and progressive motility.
These results align with Pang et al. (2016), that reported
melatonin can improve the quality of bovine frozen-
thawed semen. The pineal gland releases melatonin (N-
acetyl-5-methoxy tryptamine) in the brain; it is involved
in many physiological functions, including regulation of
seasonal reproduction, and influences the immune
system and circadian rhythms (Awad et al. 2006; Jang et
al. 2010). On the other hand, the antioxidant property of
melatonin has been demonstrated in vivo. Melatonin can
also maintain the semen characteristics of goats
(Ramadan et al. 2009), rats (S6nmez et al. 2007), wild
boars (Jang et al. 2010), and humans (Espino et al. 2010;
Ortiz et al. 2011).

Differences in concentrations in extenders and
melatonin  supplementation as an antioxidant in
extenders still need to be explored; because there is a lack
of information regarding the effect of sperm
concentration on freezing without the reduction in their
post-thaw survival of spermatozoa and melatonin
supplementation as an antioxidant in extenders on sheep.
Hence the present study was taken up.

MATERIALS AND METHOD

Ethical approval

This research was approved by The Institution of
Research and Community Services, Animal Care Use
Committee Bogor Agricultural University, 231 — 2021
IPB.

Research animal

Two sheep from the Rehabilitation and Reproduction
Unit of IPB were used in this study, aged 18-24 months
and weighing 30-40 kg. Feed was given in the morning
and evening as forage as much as 3 kg/head/day and
concentrate with 11% protein as much as 0.5
kg/head/day. Drinking water is provided ad libitum.
Semen collection and cryopreservation

Spermatozoa collection from ejaculate was carried
out once a week for two months with the artificial vaginal
method (MVB) performed six times as the number of
replications. The research was conducted in two steps.
In the first step, the semen was diluted with an Andromed
diluent at three different concentrations of 50, 100, and
200 million spermatozoa. Semen samples were aspirated
into 0.25 ml straws. The second stage of semen was
diluted with Andromed with the best concentration in the
previous step and supplemented with antioxidant
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melatonin at different doses (0, 0.5, 1.0, and 1.5 mM
melatonin). Diluted semen samples were evaluated for
quality; only semen with more than 70% motility was
used in this study.

Furthermore, the packaged semen was equilibrated in
a refrigerator at 5°C for 4 hours. After equilibration,
each semen sample of each treatment was evaluated for
quality. Freezing of semen was done by placing straws
10 cm above the surface of liquid nitrogen in tightly
closed styrofoam for 20 minutes. Furthermore, the
straws were put into liquid nitrogen (-196°C) and stored
in a liquid nitrogen container for quality evaluation.

Semen evaluation

Spermatozoa Movement  Assessment. The
movement of spermatozoa was observed using Computer
Assisted Sperm Analysis (CASA, Sperm Vision
Minitube) at the Animal Reproductive Biotechnology
Laboratory, Research Center for Biotechnology, BRIN.
Observing the motility of spermatozoa refers to the
modified Hariono (2021), in which the straws for each
treatment were thawed by immersing them in water at
37°C in a water bath for 30 seconds. First, an evaluation
was carried out by dripping 10 L of cement on an object
glass and covered with a cover glass. Then, the sample
was placed on a microscope (Zeiss Axio Scope Al). The
following parameters were evaluated for post-thawed
semen, namely: Motility: the percentage of motile sperm;
Progressive motility: the percentage of progressively
motile sperm; Curvilinear velocity (VCL: pm/second);
Straight line velocity (VSL: um/second); Average Path
Velocity (VAP: pm/second), Amplitude of Lateral Head
Displacement (ALH: pm) and Straightness (STR: %).

Membrane Integrity. Examine spermatozoa plasma
membrane integrity (PMI) using the Hypoosmotic
Swelling Test (HOS-Test). The composition of the HOS
solution was 0.135 g fructose and 0.0737 g trisodium
citrate 2H,O in 10 mL milli-Q water. A sample of 20 L
of cement was added to 80 L of HOS solution and left for
30 minutes in a water bath (37°C). After incubation, 10

UL of cement was placed on a glass object, covered with
a cover glass, then observed under a light microscope
(Nikon FDX-35) with a magnification of 400x. Straight
tails characterize spermatozoa with plasma membrane
damage. In contrast, circular or bulging tails characterize
spermatozoa with plasma membrane integrity. The
number of spermatozoa observed was at least 200 cells
in 10 fields.

Acrosome Integrity. TBG staining begins with
dripping cement and trypan blue solution, dissolved
using 0.81% NaCl simultaneously and then slowly
homogenized, made into smear preparations, and dried
vertically. Next, the preparations were stained using a
neutral red solution consisting of 86 ml 1 N HCL and 14
ml 37% formaldehyde solution, and 0.2 g Neutral Red
(Sigma N-2880). The preparations were stained for 3
minutes, then dried, rinsed using running water, and
dried again. In the next staining stage, the preparations
were immersed in a jar containing 5% Giemsa solution,
left at room temperature for three days, and then rinsed
again by dipping into a container filled with water for 2
minutes. After drying, it was warmed using a heating
table (40°C) (Nofa et al. 2018). An evaluation was
conducted on 200 cells using a light microscope with an
objective lens of 400x magnification. Spermatozoa with
acrosome integrity (Aln) are purple on the head, while
spermatozoa with incomplete acrosomes will have a pale
lavender or faded color. Acrosome status was calculated
by counting the number of spermatozoa with Aln divided
by the total number of spermatozoa multiplied by 100%.

Statistical analysis

The data of spermatozoa assessment were shown as
the meanz SD. Each experiment was repeated five times.
The data were analyzed using One-Way Analysis of
Variance (ANOVA), and Duncan's Multiple Range Test
(DMRT) was performed to determine if there was any
significant difference among the treatments at P<0.05.
Statistical analysis was conducted using IBM SPSS®
Statistics version 22.0 (IBM Corp., Armonk, NY, US).

Figure 1. Acrosome staining using trypan blue-Giemsa examined at 400x: (A) acrosome integrity, (B) damaged acrosome
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RESULTS AND DISCUSSION

Quality of frozen-thawed sheep spermatozoa with
different concentrations per straw

Motility is an essential indicator of successful
fertilization. Prior to cryopreservation, the quality of the
fresh semen will determine whether the semen is suitable
for processing. Toelihere (1985) stated that semen could
be continued for processing: if it has a high mass
movement value and motility, a concentration of 1500
million to 3000 million, and an abnormality value below
15 percent. Based on observation, high fresh semen
motility (80.00+0) indicates that spermatozoa will
survive through cooling or cryopreservation. The sperm
motility percentage of frozen semen after thawing was
>40%. In general, freezing and thawing procedures
significantly reduced the quality of sheep semen. The
percentages of total motility, progressive motility,
plasma membrane integrity, and acrosome integrity of
spermatozoa immediately after thawing are presented in
Table 1.

The quality of frozen semen is influenced by the
freezing process but is also closely related to the quality
of fresh cement produced before the freezing process is
carried out (Awad et al. 2006; Salmani et al. 2013; Nofa
et al. 2018). The results showed that the quality after
thawing of ejaculated spermatozoa met the requirements
for artificial insemination based on the Indonesian
National Standard number SNI 4869.3-2014 part 3:
Goats and Sheep with the condition that the percentage
of frozen semen motility was at least 40% or mass
movement ++ (Badan Standardisasi Nasional 2014).
The percentage of total motility was higher at a
concentration of 100 million spermatozoa per straw,
45.74 £ 3.70, and did not show significant differences
between treatment groups. These findings align with
Holt (2000) and Lemma (2011) that the freezing and
thawing process causes damage to spermatozoa,
resulting in a decrease in post-thawing quality. It is well
known that sperm can be affected by several factors
during the freeze-thaw process, leading to loss of plasma
membrane integrity and damage to the acrosome,
mitochondrial dysfunction leading to irreversible loss of
motility and fertility (Karja et al. 2013). The success of
cryopreservation was also assessed by recovery rate
(RR), the percentage of spermatozoa that recovered from
the freezing process, which was calculated by comparing
motile spermatozoa in fresh semen and after thawing
(Arifiantini et al. 2007).

Table 1 shows a higher percentage of total motility at
a concentration of 100 million per straw spermatozoa and
does not show a significant effect between treatments
(P>0,05). De Graft (2007) reported successful in vivo
fertilization at 100 million spermatozoa per dose. In
addition, this fertility rate is comparable to a dose of 50

million sperm; this supports the results of this study that
lowering or increasing the sperm concentration per dose
will not harm the fertility rate in vivo. Progressive
motility percentage (Table 1) did not show a significant
effect between the treatment groups. Progressive
motility is one of the essential criteria for spermatozoa to
fertilize oocytes (Kato et al. 2011). In in vivo
fertilization, the spermatozoa ejaculated in the vagina
and moved forward in the oviduct via the cervical canal
and uterus (Hyakutake et al. 2018). Furthermore,
spermatozoa change movement patterns to become non-
progressive, and changes in movement patterns are
required for spermatozoa to pass through the utero-tubal
junction and enter the oviduct (Muifio et al. 2008).
Progressive motility may decrease rapidly due to the
depletion of glycolytic substrates and decreased energy
(Ahmad et al. 2015).

Based on table 1, the value of acrosome integrity of
sheep spermatozoa did not show any significant
difference. The results showed that the acrosome
integrity had different concentrations per straw
spermatozoa, 45.00+£5.00; 46.36+3.34; 46.17+5.39,
respectively. The low percentage of acrosome integrity
is associated with a low percentage of intact plasma
membrane and motility (Sitepu et al. 2018). Based on
table 1, sheep spermatozoa's plasma membrane integrity
values showed no significant difference. The results
showed that the acrosome integrity had different
concentrations per straw spermatozoa, 46.50+3.50;
48.33+4.80; 48.00+4.27, respectively. Changes in the
plasma membrane play an essential role in the
capacitation process (Dapino et al. 2009) and cause a
decrease in spermatozoa fertility (Thomas et al. 2006).
Damaged spermatozoa and physiological changes in the
membrane can be described in the motility of the
spermatozoa (Gervasi & Visconti, 2017). In addition, an
intact plasma membrane can reduce the lipid phase
transition, protect the membrane's ion-exchange
function, and decrease intracellular [Ca?*] (Muifio et al.
2008). Changes in membrane permeability during
cooling can cause an increase in intracellular [Ca2+]
(Fuller & Whittingham, 1996). Peroxidation of fatty
acids of spermatozoa due to damage to the plasma
membrane can cause loss of motility (Sundararaman et
al. 2012). The integrity of the plasma membrane is
related to the metabolic ability of spermatozoa in energy
production and ATP synthesis, not generally if there is
damage to the membrane, which results in decreased
motility and survival of spermatozoa (Nofa et al. 2018).

The movement patterns of post-thawing sheep
spermatozoa with different concentrations are shown in
table 2. The movement patterns evaluated were VCL,
LIN, and ALH. Based on these results, it was found that
the VCL value did not differ between all treatment
groups, the lower VVCL value was found in the group with
a concentration of 50 million, and the highest VCL value
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Table 1. Characteristics of sheep spermatozoa after freezing with different concentrations

Concentration (10%/straw)

Parameter (%)

50 100 200
Total Motility 44.10+1.68 46.36£3.34% 45.74£3.70°
Progressive Motility 29.36+6.942 33.43+9.262 32.08+4.232
Plasma Membrane Integrity 46.50+3.50? 48.33+4.80? 48.00+4.272
Acrosome integrity 45.0045.00? 46.36+3.342 46.1745.392
The same superscript letters following numbers in the same column indicate a non-significant difference (P<0.05)
Table 2. The movement pattern of sheep spermatozoa after being frozen at different concentration
Concentration (108/straw)
Parameter
50 100 200
VCL (uL/s) 92.02+8.712 98.94+29.022 95.48+25.192
VSL (uL/s) 46.50 £2.332 48.33+3.20? 48.00+2.85%
VAP (uL/s) 65.28+3.862 68.50+14.70? 66.79+12.722
LIN (%) 0.4940.30? 0.49+0.042 0.51+0.05?
STR (%) 0.69+0.01° 0.69+0.02° 0.73+0.022
ALH (pm/s) 5.94+0.74? 5.81+0.35° 6.03+0.56°

VC= Curvilinear Velocity, VSL= Straight Line Velocity, VAP= Average Path Velocity, LIN= Linearity, STR= Straightness, ALH= Lateral
Amplitude of Head Displacement. The same superscript letters following numbers in the same column indicate a non-significant difference

(P<0.05)

was found in the group with a concentration of 100
million. At the same concentration, there was no
difference in the percentage of LIN between the 50
million, 100 million, and 200 million concentration
groups. Meanwhile, the percentage of LIN in the 50
million and 100 million groups was lower than in the 200
million groups. The percentage of spermatozoa LIN at
different periods did not differ between the treatments.
The results showed no effect of spermatozoa
concentration on changes in the percentage of LIN. The
values for the amplitude of lateral head displacement
(ALH) are presented in Table 2. The ALH values of
spermatozoa in the 200 million group were higher than
the 50 million and 100 million groups (P<0.05).
Hyperactivation is part of the capacitation process (Colas
et al. 2009). Spermatozoa undergo motility
hyperactivation due to molecular changes in the
flagellum (Abou-hailed & Tulsiani, 2009). Spermatozoa
of various species have altered patterns of flagellar
motion during the final stages of capacitation. This
hyperactivated motility is characterized by large-
amplitude solid flagellar beats and erratic swimming
trajectories; the most common expression of
hyperactivation appears to involve a decrease in the
progressive movement and an increased bending of the
flagellar midpiece while maintaining vigorous motility

(Taitzoglou et al. 2004). Hyperactivation motility can be
calculated using CASA by looking at the VCL, ALH,
and LIN. (Hinrichs and Loux 2012). Based on Table 2, it
can be seen that the spermatozoa did not show any
hyperactivity, as Shojaei et al. (2012) explained that the
determination of spermatozoa undergoes a change in
movement to hyperactivation when the ALH value is >7
m.

Quality of frozen-thawed sheep spermatozoa with
different doses of melatonin

Cryopreservation is a method that can support the
conservation of animal genetic materials by freezing
semen. The use of the conserved semen and spermatozoa
is not limited by geographical distance and time
(Pamungkas et al. 2014). The use of cement
cryopreservation technology is quite often used for fish
cement (Martinez-Paramo et al. 2017; Magnotti et al.
2018), livestock (Lv et al. 2019; Salinas et al. 2021;
Yanez-Ortiz et al. 2021), and human (Tao et al. 2020). It
is well known that the cryopreservation process of semen
can lead to the formation of reactive oxygen species
(ROS). ROS are formed due to an imbalance between
the antioxidant content and free oxides, resulting in
oxidative stress. Oxidative stress damages the plasma
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membrane because phospholipids' membrane structure is
sensitive to lipid peroxidation (Bucak et al. 2010). Total
motility, progressive motility, plasma membrane
integrity, and acrosome integrity of spermatozoa
incubated with melatonin are presented in Table 3.
Percentages of total motility and progressive motility in
this study were assessed using CASA, and significant
differences were found between treatments at different
doses of melatonin. The percentages of total motility and
progressive motility were higher (P<0.05) in the diluents
supplemented with 1.0 and 1.5 mM melatonin
(62.68+2.72 and 38.91+2.68; 58.11+2.40 and
35.05+1.68, respectively).  The results showed a
decrease in the integrity of the plasma membrane after
the cryopreservation process, but the diluent
supplemented with melatonin showed a higher value
than the control. Melatonin protects mouse spermatozoa
from the side effects of the peroxidative agent
homocysteine reported by Soénmez et al. (2007).
Melatonin has also been shown to protect spermatozoa
from mercury oxidative damage (Rao & Gangadharan,
2008) and increase the hyperactivation of hamster
spermatozoa (Fujinoki, 2008). Furthermore, Ramadan et
al. (2009) reported that melatonin maintains the sperm
quality of Damascus goats.

The percentage of progressive motility showed no
significant difference (P>0.05) between the control

group (45.74+3.70) and the diluent supplemented with
05 mM melatonin (48.63+£3.01). Melatonin
supplementation of 1 mM in the diluent increased the
percentage of PMI and Aln (P<0.05) (62.22+0.30 and
67.23+2.6) compared to other groups. Several studies
have confirmed that melatonin can reduce oxidative
stress (Reiter, 1998; Jang et al. 2010). Pang et al. (2016)
reported that melatonin could improve plasma membrane
and acrosome integrity in frozen-thawed bovine semen.
The beneficial effect of melatonin on plasma membranes
is that melatonin stimulates the activity of enzymes
involved in ROS metabolism and maintains cell
membrane integrity (I1zadpanah et al. 2015). In addition,
melatonin can be an effective anti-apoptotic agent
(Tsantarliotou et al. 2008). Other studies have shown
that melatonin can prevent apoptosis by controlling Bcl-
2 expression and ameliorating oxidative stress in the
testes (Othman et al. 2016). Supplementation with one
mM of melatonin was reported to prevent capacitation
and apoptosis of mouse spermatozoa (Casao et al. 2010).
This anti-apoptotic ability may cause increased motility
and plasma membrane integrity. In addition, our study
also found that melatonin supplementation at a dose of
1.5 mM can reduce the motility determined; this decrease
in quality is thought to be due to melatonin at high
concentrations can have a negative effect. Erez et al.
(1992) found that high doses of melatonin in

Table 3. Characteristics of sheep spermatozoa after freezing with different doses of melatonin

Doses (mM)
Parameter (%)
0 0.5 1.0 15
Total Motility 45.74+3.702 48.63+3.012 62.68+2.72b 58.11+2.4Q°
Progressive Motility 32.08+4.23% 28.02+1.132 38.91+2.68° 35.05+1.68%
Plasma Membrane Integrity 48.00+4.27° 59.24+2.67° 62.22+0.30° 61.16+1.22°
Acrosome integrity 46.17+5.392 59.88+1.70b 67.23£2.61° 66.61+1.52°¢

Different letters at different doses show significant differences (P<0.05)

Table 4. The movement pattern of sheep spermatozoa after being frozen with different doses of melatonin

Doses (mM)
Parameter
0 05 1.0 15

VCL (uL/s) 95.48+25.19 78.14+1.52 86.75+3.51 90.19+4.75
VSL (uL/s) 48.97+8.29 41.33+0.84 42.90+1.14 43.33+£2.23
VAP (uL/s) 66.79+12.72 60.90+1.71 60.79+2.85 61.45+3.88
LIN (%) 0.51+0.05 0.52+0.02 0.49+0.01 0.47+0.03
STR (%) 0.73+0.26° 0.68+0.20? 0.70+0.022 0.69+0.012
ALH (um/s) 5.96+0.72 6.16+0.50 6.24+0.07 6.42+0.26

VCL= Curvilinear Velocity. VSL= Straight Line Velocity. VAP= Average Path Velocity. LIN

= linearity. STR= Straightness. ALH= Lateral

Amplitude of Head Displacement. Different letters at different doses show significant differences (P<0.05)
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reproductive fluids can decrease sperm motility.
Excessive levels of melatonin in semen affect the
physiology of the human spermatozoa (Yie et al. 1991).
Incubation of bull semen with melatonin between 0.5 and
4 mM for 60 min significantly reduced spermatozoa
motility (Tanyildizi et al. 2006). This may be due to
different cement processing procedures, different
proportions of components in the plasma membrane, and
different species (Zhang et al. 2015). However, these
results do not fully explain the negative effect of high
concentrations of melatonin on semen, and therefore
further research should be carried out. In some literature,
different doses are optimal for semen cryoprotection.
For example, one showed that 1 and 2 mM were optimal
concentrations, while another study found that the best
concentration was 0.25 mg/mL in various species of
fields (Appiah et al. 2019).

Total motility, progressive motility, PMI, and Aln of
spermatozoa incubated with melatonin are presented in
Table 3. Percentages of total motility and progressive
motility in this study were assessed using CASA, and
significant differences were found between treatments at
different doses of melatonin. The percentages of total
motility and progressive motility were higher (P<0.05)
in the diluents supplemented with 1.0 and 1.5 mM
melatonin (62.68+2.72 and 38.91+2.68; 58.11+ 2.40 and
35.05+1.68, respectively). The percentage of
progressive motility showed no significant difference (p
> 0.05) between the control group (45.74+3.70) and the
diluent supplemented with 0.5 mM melatonin
(48.63+3.01). Melatonin supplementation of 1 mM in
extender increased the percentage of PMI and Aln
(62.22+0.30 and 67.23+2.6, respectively) compared to
other groups.

The description of the acrosome status of the
spermatozoa in Figure 1 uses TBG staining: (A)
spermatozoa with Aln absorb purple color (B)
spermatozoa with damaged acrosomes will have a pale
lavender/faded color. Thus, if part of the spermatozoa
acrosome is damaged or incomplete, the cells cannot
absorb color correctly, and the staining results will look
faded. Irregularity in the head can also indicate that the
plasma membrane has been damaged and has the
potential for acrosomal damage. The results showed that
the acrosome status of spermatozoa supplemented with
melatonin after thawing showed a reasonably high
percentage ranging from 59-67%. The acrosome
integrity percentage indicated no damage to the
spermatozoa that could reduce its fertilization ability.
Spermatozoa cannot fertilize if acrosomal damage
exceeds 50% (Hernandez et al. 2012).

The movement pattern of post-thawed spermatozoa
with melatonin supplementation is shown in Table 4.
There was no significant difference between VCL, ALH,
and LIN values. Velocity and linearity contribute to

essential characteristics of the spermatozoa function
(Shibahara et al. 2003). By definition, linearity is
linearly moving in a straight line, affecting progressive
motility (Sarastina et al. 2007). Sarastina et al. (2007)
state that if LIN>35%, the average spermatozoa move
linearly straight ahead. The results of this study describe
the LIN value ranging from 47 to 52%; this indicates that
the spermatozoa move linearly straight ahead. The ALH
value in this study showed no difference (P>0.05) with a
value of 5 to 6 m. All frozen semen had ALH values
<5um, meaning the spermatozoa were not hyperactive
(Sarastina et al. 2007; Kathiravan et al. 2011).

The relationship between the CASA variable and the
fertilization ability indicates that metabolically active
spermatozoa have high penetration potential. Good
motility is needed for the ability of spermatozoa to
penetrate the cumulus and reach the zona pellucida.
Furthermore, the intact membrane will bind to the zona
pellucida (Ducha et al. 2012; Okabe 2013). Conversely,
Spermatozoa with damaged plasma membranes cannot
bind to ZP (binding zone) because the membrane that
binds the zona pellucida has lost its receptors (Ducha et
al. 2012).

CONCLUSION

In  conclusion, differences in  spermatozoa
concentration did not significantly affect the quality of
sheep semen. They demonstrated that adding one mM of
melatonin increased the effect of the frozen-thawed
process on motility, acrosome integrity, and plasma
membrane integrity in sheep semen.
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