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Revised January 31, 2020 ABSTRACT This present study was conducted to investigate protective effect of

Accepted February 6, 2020 discontinuous Percoll gradient containing alpha-linolenic acid (ALA) before freezing
process on viability, acrosome damage, mitochondrial activity, and oxidative stress of

;Eg;:;‘;:?}d::rie frozen-thawed boar spermatozoa. The separation of spermatozoa by discontinuous
E-mail: parkck@kangwon.ac.kr Percoll gradient was performed by different concentration of Percoll solution (45/90%)

containing ALA combined with bovine serum albumin (BSA), and collected sperm
ORCID in each Percoll layer was cryopreserved. To evaluate viability, acrosome damage,

https://orcid.org/0000-0003-2786-8814 mitochondrial activity, and reactive oxygen species (ROS) level of frozen-thawed sperm,

flow cytometry was used. Morphological abnormalities were observed under light
microscope. In results, viability of sperm from 90% Percoll layer was higher than control
and 45% Percoll group (p < 0.05). Separated sperm in 90% Percoll layer had lower
acrosome damage and morphological abnormalities than control as well as viability,
whereas 45% Percoll group was higher (p < 0.05). Similar with acrosome damage and
abnormalities, mitochondrial activity was slightly enhanced and the population of live
sperm with high ROS level was decreased by 90% Percoll separation, however, there
was no significant difference. Supplementation of 3 ng/mL ALA into Percoll solution
increased sperm viability and decreased population of live sperm with high ROS
compared to control (p < 0.05). In conclusion, discontinuous Percoll gradient before
freezing process could improve efficiency of cryopreservation of boar sperm through
selection of sperm with high freezing resistance, and supplement of ALA during Percoll
gradient might contribute suppression of ROS generation via stabilizing of plasma
membrane during cryopreservation.
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INTRODUCTION (Yoshida, 2000), and it facilitates preservation of sperm
from superior individuals, prevention of contamination by

Cryopreservation, which is one of assisted reproductive virus, and selective production of individuals. Despite ad-
technologies, is developed to improve limited conservation vantages of cryopreservation, efficiency of this technique
period of liquid preservation of mammalian spermatozoa is still low because spermatozoa are exposed to damages
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on membrane function by generation of reactive oxygen
species (ROS), cold shock, and formation of ice crystal dur-
ing freezing and thawing process (White, 1993; Agarwal et
al., 2014; Baishya et al., 2014). To reduce these damages, a
variety of substrates such as antioxidants, amino acids, and
cholesterol were supplied into freezing extender (Kaeoket
et al., 2010; Mocé et al., 2010; Reddy et al., 2010).

Alpha-linolenic acid (ALA) is one of essential fatty acids
and is classified as omega-3 fatty acid. Omega-3 fatty ac-
ids are an important indicator for fertility of spermatozoa.
Safarinejad et al. (2010) reported that concentration of
omega-3 fatty acids including ALA, eicosapentaenoic acid
(EPA), and docosahexaenoic acid (DHA) in spermatozoa
from fertile man were higher than sperm from infertile
man. These omega-3 fatty acids are found in components
of feeds for domestic animals such as fish oil and sun-
flower oil. Because plasma membrane contains numerous
polyunsaturated fatty acids (PUFAs), dietary intake of fatty
acids could influence to sperm characteristics. Supple-
mentation of sunflower and tuna oil into feed enhanced
plasma membrane integrity and progressive motility of
frozen-thawed sperm in bull and boar (Rooke et al., 2001;
Adeel et al., 2009). These results demonstrated that ad-
ditional PUFAs, especially omega-3 fatty acids, could en-
hanced freezing resistance of spermatozoa during cryo-
preservation.

Generally, mammalian semen is consisted of spermato-
zoa with varying degrees of morphological and functional
integrity. The population of sperm with low quality have
low motility, membrane integrity, and fertility. In order to
enhance sperm quality, a variety of separation methods
such as swim up and discontinuous Percoll gradient (DPG)
were used (Jayaraman et al., 2012). Percoll is a useful tool
for separation of cells, organelles, and virus, and it con-
sists of colloidal silica beads coated with polyvinylpyrrol-
idone (PVP). DPG has been used for selection of subpop-
ulation of sperm in mammalians including pigs. Parrish et
al. (1995) reported that Percoll-separated bull sperm had
higher motility than unseparated sperm. This technique
is used for prevention of sperm contamination from virus
or bacteria. Therefore, we expected that high membrane
integrity of isolated spermatozoa by DPG could enhance
freezing resistance during cryopreservation.

Our previous study showed that supplementation of
ALA into freezing extender reduced membrane damages
and ROS level of frozen-thawed boar sperm during cryo-

preservation. Based on these findings, we hypothesized
that addition of fatty acid into Percoll solution could
enhance efficiency of cryopreservation for boar sperm.
Therefore, the present study was conducted to investigate
protective effect of sperm sorting by DPG containing ALA
on freezing resistance of boar sperm.

MATERIALS AND METHODS

Sperm samples

All procedures that involved the use of animals were ap-
proved by the Kangwon National University Institu-tional
Animal Care and Use Committee (KIACUC-09-0139). All
of boar semen were purchased from Gumbo (Wonju, Ko-
rea), and the semen was collected by gloved-hand method
once a week and transported to laboratory. In present
study, semen from different 4 boars were used for each
experiments. The fresh sperm with more than 75% motil-
ity and 80% viability, and less than 30% acrosome damage
and morphological abnormalities were used.

Preparation of ALA combined with bovine serum
albumin (BSA)

For supplementation of ALA into Percoll solution, ALA
was mixed with BSA. Briefly, ALA and BSA were diluted
to concentration at 1 mg/mL and 0.14% (v/v) using PBS
without Ca** and Mg*, respectively. ALA and BSA solution
were mixed in different ratio (ALA : BSA =3 : 997 and 5 :
995) and were rotated at room temperature for 1 h. Then,
1 uL of each aliquot were supplied to 1 mL of Percoll so-
lution (final concentration: 3 and 5 ng/mL ALA).

Sperm separation by DPG

To perform sperm separation by two layered Percoll (45
and 90%, v/v), Percoll solution (GE healthcare UK Ltd,
Buckinghamshire, England) was mixed with 10x DPBS
that did not contain Ca®*" and Mg?". Then, 2 mL of 45%
Percoll solution was carefully layered over on 2 mL of
90% Percoll solution. The sperm sample was centrifuged
at 1,500 RPM for 5 min and supernatant was removed.
The pellet was resuspended using 0.5 mL of Modena B
solution and slowly dropped on 45% Percoll layer. After
centrifugation at 740 x g for 30 min, sperm in 45% and
90% Percoll layer were collected and washed twice using
Modena B. The spermatozoa from different Percoll layer
were immediately used for cryopreservation.
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Freezing and thawing of boar spermatozoa

As a first freezing extender, lactose egg yolk (LEY; 11%
[w/v] lactose and 20% [v/v] egg yolk in distilled water) was
used. The boar sperm was diluted at 1.5 x 10° spermato-
zoa/mL using 1 mL of LEY and it was cooled down to 4°C
for 2 h. Then, 0.5 mL of LEY supplemented with 9% Glyc-
erol and 1.5% Orvus Es Paste (OEP; Nova Chem, USA) was
added to cooled sperm samples, and they were injected
into 0.25 mL straws. Filled straws were placed on 10 cm
above liquid nitrogen (LN2) for 10 min, then, pre-freezing
samples were immersed and preserved in LN2. To ana-
lyze sperm characteristics, cryopreserved samples were
thawed at 37°C for 45 sec.

Flow cytometry

Flow cytometry was used to measure viability, acrosome
damage, mitochondrial activity, and ROS level in frozen-
thawed boar sperm. The data from flow cytometry were
obtained from total 10,000 of spermatozoa using FACs
Calibur, and were analyzed by CELLQuest version 6.0. The
calculation of each parameters was present in Fig. 1.

1) Measurement of viability, acrosome damage and mito-
chondrial activity

To measure viability, acrosome damage, and mitochon-
drial activity of frozen-thawed sperm, 6 nM SYBR-14, 3
uM Lectin from Arachis hypogagea (FITC-PNA), and 2
uM Rhodamine123 were used, respectively. Samples were
stained using each fluorescent dye at 38°C in dark room
for 5 min. Then, 2 uM propidium iodide (PI) was added to
stained samples and subsequently incubated in same con-
dition for 5 min. Stained spermatozoa by only SYBR-14
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was classified as viable sperm, and sperm that were posi-
tive to FITC-PNA signaling regardless PI signaling were
divided as sperm with acrosome damage. Similar with
acrosome damage, sperm with Rhodaminel23 signaling
were classified as sperm with high mitochondrial activity.

2) Intracellular ROS level in live sperm

Intracellular ROS level in live spermatozoa was mea-
sured using H2DCFDA (0.8 uM, Molecular probes, USA).
Thawed sperm was stained by H2DCFDA at 38°C in dark
room for 15 min. Then, 2 uM PI was added to stained
samples and subsequently incubated in same condition
for 5 min. The ROS level was compared within live sper-
matozoa (PI negative sperm) with H2DCFDA signaling.

Morphological abnormalities

Rose Bengal staining was used to observe morphological
abnormalities of frozen-thawed boar spermatozoa. The
samples were smeared on slide glass and were dehydrated
at room temperature. Then, samples on slide glass were
stained using 3% (v/v) Rose Bengal solution and excessive
Rose Bengal solution was removed. After dehydration of
stained sperm, retained Rose Bengal was washed using
water and sperm samples were dehydrated for observa-
tion. The sperm with abnormal morphology were ob-
served under a light microscopic at x 400 magnification
and a total of 200 spermatozoa in randomly selected five
section were counted. The criteria for abnormal morphol-
ogy of spermatozoa are following: head: detached, big,
and small; middle piece: absence, droplet, fold, and short;
tail: detached, short, two tails, and coiled.
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Fig. 1. Dotplot images and calculation of (A) viability, (B) acrosome damage, (C) mitochondrial activity and (D) live sperm with high

reactive oxygen species (ROS) in frozen-thawed boar sperm.
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Statistical analysis

All numerical data representing each parameter were
analyzed using the Statistical Analysis System Software
(SAS version 9.4). Data are presented means + SEM, and
comparisons among treatment groups were conducted by
Duncan’s modified multiple range test using a generalized
linear model (GLM) in the SAS package. A value of p < 0.05
was considered to indicate a statistically significant differ-
ence.

RESULTS

Comparison of frozen—thawed sperm characteristics
from different Percoll layer

Table 1 showed viability, acrosome damage and mito-
chondrial activity of frozen-thawed boar spermatozoa
after DPG. The sperm in 90% Percoll separated group had
higher viability than control and 45% Percoll separated
sperm (p < 0.05), whereas 45% Percoll separated group
did not differ compared to control group. Acrosome dam-
age was decreased in sperm from 90% Percoll layer and
increased in sperm from 45% Percoll layer compared to
control group (p < 0.05). Mitochondrial activity in 90%
Percoll group was higher than 45% Percoll group (p <
0.05), however, both of Percoll group did not differ com-
pared to control. Morphological abnormalities were lower
in 90% Percoll group and higher in 45% Percoll group

Table 1. Effects of discontinuous Percoll gradient before
cryopreservation on characteristics of frozen-thawed boar sperm

Percoll (%)
45 90

50.77+3.37° 48.18+2.31° 60.14£2.36°
13.88£0.68" 20.01£1.71° 9.64+131°
55.84+4.28° 48.02+359" 62.4613.25°

Parameters (%) Control

Viability
Acrosome damage
Mitochondrial activity

““Mean values with different superscripts are significantly difference (p <
0.05).

than control as well as acrosome damage (Fig. 2; p < 0.05).
Similar with mitochondrial activity, population of live
sperm with high ROS level was lower in sperm from 90%
Percoll than 45% Percoll (Fig. 3; p < 0.05), however, both
of Percoll groups were no significant difference compared
to control.

Effect of DPG containing ALA on frozen—thawed sperm

Changes of sperm parameters by DPG containing ALA
were showed in Table 2. Treatment of 3 ng/mL ALA into
both of Percoll layer enhanced sperm viability compared
to control group and 5 ng/mL ALA group (p < 0.05), and
BSA supplementation into Percoll solution did not influ-
enced to sperm viability. Acrosome damage in 3 ng/mL
ALA group was lowest and it was significantly lower than
5 ng/mL ALA (p < 0.05), however, all of treatment groups
were no significant difference compared to control group.
Mitochondrial activity was slightly enhanced by 3 ng/mL
ALA supplementation, however, there was no significant
difference. The population of live sperm with high ROS

60
50 a
40

30

Abnormalities (%)

20 A c

10 +

Control 45 90
Percoll (%)

Fig. 2. Comparison of morphological abnormalities in frozen-
thawed boar sperm between isolated from different concentra-
tion of Percoll solution before freezing process. ““Superscripts
indicate significant difference (p < 0.05).

Table 2. Effects of discontinuous Percoll gradient containing alpha-linolenic acid (ALA) before cryopreservation on characteristics of frozen-

thawed boar sperm

ALA concentration (ng/mL)

Parameters (%) Control
3 5
Viability 52.94 + 230" 55.18 + 3.64* 61.25 + 1.89° 46.90 +2.10°
Acrosome damage 13.93 +1.57® 12.63 +1.80° 10.49 £ 0.82° 17.21 £3.01°
Mitochondrial activity 59.96 + 1.89 60.98 + 1.52 63.75+1.93 58.26+2.04

““Mean values with different superscripts are significantly difference (o < 0.05).
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Fig. 3. Effects of discontinuous Percoll gradient before freezing
process on population of live sperm with high reactive oxygen
species (ROS) in frozen-thawed boar sperm. **Superscripts indi-
cate significant difference (p < 0.05).

was decreased in 3 ng/mL ALA treatment compared to
control and 5 ng/mL ALA treatment (Fig. 4; p < 0.05).

DISCUSSION

This present study was aimed to investigate changes of
viability, acrosome damage, mitochondrial activity, and
ROS level in frozen-thawed boar sperm that are isolated
by DPG containing ALA before freezing process. Viability
in sperm from 90% Percoll layer was higher and acrosome
damage was lower than unseparated and 45% Percoll-
separated sperm. Supplementation of 3 ng/mL ALA into
Percoll solution enhanced viability and reduced popula-
tion of live sperm with high ROS level of frozen-thawed
boar sperm.

During freezing and thawing process of cryopreserva-
tion, spermatozoa were exposed to damages on mem-
brane structure such as redistribution of lipids and pro-
teins (Parks and Graham, 1992). The membrane damages
leaded to reduce membrane fluidity and permeability by
releasing of fatty acids in plasma membrane (Watson,
2010), and these caused to decrease viability, motility,
and induced acrosome reaction in frozen-thawed sperm.
Therefore, selection of sperm with high functional integ-
rity before cryopreservation could reduce detrimental ef-
fects of freezing and thawing process.

As one of method for sperm separation, DPG is useful
tool for selection of sperm with high fertility. In present
study, boar spermatozoa from 90% Percoll layer had high-
er plasma membrane integrity and normal morphologies,
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Fig. 4. Effects of discontinuous Percoll gradient containing alpha-
linolenic acid (ALA; 0, 3 and 5 ng/mL) combined with bovine serum
albumin (BSA) before freezing process on population of live sperm
with high reactive oxygen species (ROS) in frozen-thawed boar
sperm. **Superscripts indicate significant difference (p < 0.05).

and lower acrosome damage than both of unseparated
and 45% Percoll separated sperm after cryopreservation.
Matas et al. (2011) reported that DPG of boar sperm by
two layer Percoll solution (45/90%) increased population
of morphological normal sperm, chromatin decondensa-
tion, and penetration into oocyte, and decreased sperm
with cytoplasmic droplets, abnormal tail, and DNA frag-
mentation. In pigs, Percoll separation of frozen-thawed
sperm enhanced total and progressive motility, penetra-
tion into oocytes, and embryonic development, whereas
population of sperm with damaged acrosome membrane
were reduced (Noguchi et al., 2015). These researches
indicated that only sperm with intact plasma membrane
are isolated by DPG and they might have higher freezing
resistance.

During the sperm preservation, BSA plays roles in
preventing of damage in spermatozoa. It was known to
stabilize a plasma membrane of sperm by regulating of
membrane fluidity (Cheng et al., 2015). Because plasma
membrane contains hydrophilic outer side of phospho-
lipid bilayer, solubility and efficiency of fatty acid supple-
mentation are low (Graham and Foote, 1987). Thus, BSA
is used as carrier protein for fatty acids. As precursor of
EPA and DHA, ALA plays roles as energy resource and
regulator of membrane function (Shevchenko and Simons,
2010). In our results, BSA was used as carrier proteins for
ALA transport and it did not influence to sperm charac-
teristics. However, treatment of 3 ng/mL ALA combined
with BSA during DPG increased viability and decreased
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population of sperm with high ROS of frozen-thawed
boar sperm. The structural and functional integrity of
plasma membrane are closely associated with viability
of spermatozoa. During the cryopreservation, phospho-
lipids including ALA and arachidonic acid were released
from plasma membrane, and they were caused to lose the
function of membrane. Supplementation of ALA during
freezing process of bull sperm enhanced motility, plasma
membrane and acrosome integrity of frozen-thawed
sperm (Kaka et al., 2015). Towhidi and Parks (2012) re-
ported that PUFAs content in sperm membrane were el-
evated by addition of ALA into extender.

The plasma membrane of boar spermatozoa includes
higher concentration of fatty acids than other species.
These features of boar sperm caused to sensitive response
to ROS generation and lipid peroxidation (LPO) (Tavilani
et al., 2006). During cryopreservation, efflux of fatty ac-
ids from plasma membrane induced ROS generation and
ROS-induced LPO, and repeated PUFAs is induced by
LPO via activation of phospholipase A2 (Wathes et al.,
2007). These processes lead to loss of sperm function
such as motility, viability and acrosome integrity (Schiller
et al., 2000; O’Connell et al., 2002; Kadirvel et al., 2009).
Therefore, ALA supplementation into Percoll solution
could suppress generation of ROS and ROS-induced LPO
through stabilization of plasma membrane.

In our present study, boar sperm from 90% Percoll layer
had increased viability and decreased acrosome damage,
and 3 ng/mL ALA in Percoll solution enhanced viability
and reduced ROS level in frozen-thawed boar sperm. In
conclusion, our findings showed that selected boar sperm
by DPG have higher freezing resistance than unseparated
spermatozoa and supplementation of ALA during DPG
could reduce cryo-damages by stabilization of function in

plasma membrane including fluidity.
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