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Abstract

Traditionally, egg yolk is a protective agent that is used to freeze semen in various species. However,
the addition of egg yolk in extender risks the introduction of disease. Therefore, an alternative cryoprotective
agent should be found to preserve ram semen. The aim of this study was to evaluate the effect of
phosphatidylcholine (PC) as a protective agent in extender with or without egg yolk on semen characteristics
and acrosome integrity of frozen then thawed Bapedi ram semen. Semen was collected from four mature
Bapedi rams, in the Agricultural Research Council (ARC) Germplasm Conservation Programme, using an
artificial vagina. Following collection, semen samples were randomly diluted into Tris-based extender (1: 2),
with and without egg yolk, and supplemented with four concentrations of PC liposome (0 mg/ml), 0.25 mg/ml,
0.5 mg/ml and 0.75 mg/ml). Supplementation of PC liposome in extender with or without egg yolk did not
improve the semen total motility (TM), progressive motility (PM) and rapid motility (RM) rate. The sperm cell
membrane integrity in extender with or without egg yolk was not influenced by the supplementation of PC
liposome after thawing (P >0.05). The addition of PC liposome to Tris-based extender with egg yolk had a
similar result to control (Tris-based extender with egg yolk) on sperm cell acrosome integrity. In conclusion,
supplementation of PC liposome to Tris-based extender without egg yolk had lower sperm cell viability and
motility rates compared with the extender with egg yolk, regardless of concentration.
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Introduction

Cryopreservation of semen is a useful technology for indefinite conservation of spermatozoa and
preservation of genetic resources (Day & Stacey, 2007; Castro et al., 2016). However, cryopreservation can
be detrimental to the structure of the sperm plasma membrane (Chelucci et al., 2015; EI-Sisy et al., 2016;
Khalil et al., 2018), which is regarded as the major site of damage (Khan & ljaz, 2008; Fang et al., 2016)
because of the release of phospholipids to the surrounding medium as a result of cold shock (Ropke et al.,
2011; Castro et al., 2016). The lipid composition of the sperm membrane is essential to maintaining viability
of the spermatozoa during cryopreservation (Forouzanfar et al., 2010; Castro et al., 2016). Loss of lipids
from the sperm membrane compromises the motility of the sperm cells (Matsuoka et al., 2006; Rodriguez-
Martinez & Barth, 2007) and the integrity of their acrosome, resulting in low fertility (Hernandez et al., 2012;
Alcay et al., 2016). Phosphatidylcholine is one of the major phospholipids in spermatozoa (Ricker et al.,
2006; Zhang et al., 2009; Fang et al., 2016).

Egg yolk is a reliable cryoprotective component of the extender that is used when freezing semen
owing to its ability to protect the spermatozoa against cold shock (Amirat et al., 2004; Kulaksiz et al., 2010;
Dong et al., 2011; Toker et al., 2016). However, its use has been disputed because of the risk of introducing
disease (Chelucci et al., 2015) and owing to inconsistency in its biochemical composition (Kulaksiz et al.,
2010; Emamverdi et al., 2013). Additionally, it may inhibit sperm metabolism and respiration, reduce motility,
and cause difficulties during semen analysis (Amirat et al., 2004; Singh et al., 2012; Ugur et al., 2019).
Therefore, the discovery of a substitute that allows the partial or complete replacement of egg yolk as a
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component of the extender that is used when freezing semen is warranted. Previous studies that were aimed
at finding replacements for egg yolk produced conflicting results, some with favourable outcomes
(Forouzanfar et al., 2010; Emamvardi et al., 2013; Vidal et al., 2013; Ustuner et al., 2014; Jerez et al., 2016)
and some unfavourable (Jeyendran et al. 2008; Najafi et al., 2014). For example, soybean PC reportedly
inhibited the mitochondrial activities of the spermatozoa (Del Valle et al., 2012) and was less phospholipid
than egg yolk (Jeyendran et al. 2008).

The major cryoprotective agent for sperm cells in egg yolk is reportedly PC (Bergeron & Manjunath,
2006; Forouzanfar et al., 2010). The introduction or supplementation of liposomal PC in extenders improved
the outcomes of cryopreserved semen of bulls (Ropke et al., 2011), boars (Alvarez-Rodriguez et al., 2017),
dogs (Belala et al., 2016), buffalo (Kumar et al., 2015) and stallions (Pillet et al., 2012). Liposomes are
vesicular structures made of phospholipids in aqueous solution, arising from lipid bilayers organized
concentrically, similar to biological membranes (Grad, 2010). Murphy et al. (2018) and Luna-Orozco et al.
(2019) studied the effects of unspecified liposome and egg yolk based extenders in bull and ram semen,
respectively. However, current information on ram semen cryopreservation using PC liposome in extender is
limited. Supplementation of PC liposome in extenders with a reduced concentration of egg yolk might be
advantageous in reducing the potential for disease transmission because they can be prepared from lipids
that are free from infectious vectors and microbial contaminants (Kumar et al., 2015). Therefore, the aim of
this study was to evaluate the effect of PC as a cryoprotectant in extender with or without egg yolk on semen
characteristics and acrosome integrity of sperm cells in semen from Bapedi rams that had been frozen and
then thawed.

Materials and Methods

The Animal Ethics Committee of the Agricultural Research Council (ARC) approved the study prior to
its commencement (Ref no APIEC15/048 of 2016). The study was conducted at the laboratory of the ARC
Germplasm Conservation and Reproductive Biotechnologies, Irene (25° 55’ S; 28° 12’ E), Pretoria, South
Africa.

Semen that were used in this study were produced by four healthy and sexually mature Bapedi rams
with good body conformation, well-developed testes and good vigour. The rams had an average bodyweight
and scrotal circumference of 54.5 + 2.25 kg and 31.8 + 0.85 cm, respectively. They had good libido and had
been adapted previously to the use of an artificial vagina for semen collection. The rams were kept
separately and fed Panicum maximum hay supplemented with sheep pellets (Meadow, Johannesburg, South
Africa). Water was provided ad libitum. A total of 16 ejaculates were collected one per week for four
consecutive weeks during the breeding season from April to May.

All chemicals were purchased from Sigma-Aldrich® (St. Louis, Missouri, USA), unless otherwise
stated. The Tris-based extender consisted of 3.63 g Tris (hydroxymethylaminoethane), 1.99 g citric acid,
0.05 g gentamycin sulphate and 0.5 g fructose in 100 mL distilled water (fraction A). Glycerol was added to
an aliquot of this extender at 7.0% v/v (fraction B). Fraction A was supplemented in a 2 x 4 factorial
arrangement of treatments with and without 10% (v/v) egg yolk, and with PC at 0, 0.25, 0.50, 0.75 mg/ml.
The PC was prepared by the extrusion method from lyophilized egg yolk PC (P3556, Sigma-Aldrich) to
create PC liposome (Ropke et al., 2011; Long & Conn, 2012). Each of the eight treatments was replicated
four times using pooled semen from the four rams. All semen extenders were prepared on the day before
semen collection and incubated in a water bath at 37 °C. Semen processing and cryopreservation followed
Munyai (2014) with a minor modification. Only samples with sperm that was greater than 75% were used.
The pooled semen samples were diluted with fraction A extender at 37 °C at a ratio of 1. 2 and then
transferred to a walk-in refrigerator at 5 °C, together with fraction B. After two hours, fraction B was slowly
added to semen that had previously been extended with fraction A at same ratio (1: 2). The extended semen
samples were loaded into 0.25 ml plastic straws (IMV® Technologies, L’Aigle Cedex, France) and sealed
with dry polyvinyl powder. The sealed straws were equilibrated in a walk-in refrigerator at 5 °C for another
two hours, then frozen in a programmable freezer (CBS Scientific, California, United States) at these rates: 3
°C/min from 5 °C to -8 °C, and from -8 °C to -120 °C at 15 °C/min (Alcay et al., 2015). The frozen semen
straws were plunged into a liquid nitrogen tank (-196 °C) and stored for one month before thawing and
evaluation.

Prior to evaluation, two replicate straws from each treatment were thawed by immersion in a water
bath at 37 °C for 30 seconds. Each straw was then dried with a paper towel and cut open with clean
scissors. The semen was transferred to a dry 1.5 mL Eppendorf tube and maintained at 37 °C.

Motility was assessed with the computer-aided sperm analysis (CASA) system of Sperm Class
Analyzer® SCA® V.5.3 (Animal/Veterinary Microptic S.L, Barcelona, Spain). Briefly, 5 yL of semen was
diluted with 100 pL of Tris buffer in a microcuvette at 37 °C. The settings for sperm image analyses were
brightness (166), chamber (cover slide), circular (50% linearity), connectivity (12), contrast (450), optics (Ph-)
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number of images (50), images per second (50), particle area (15 - 70 ym2), progressivity (80% STR), scale
(10x), slow (VAP of 0 - 30 um/s), medium (VAP of 30—-80 um/s) andrapid (> VAP of 80 um/s), and velocity on
the average path points (7). The 5 pL of diluted semen was pipetted onto the microscope glass slide and
covered gently with a microscope cover slip. The sperm cells were evaluated under 10x magnification with
the SCA® microscope (Nikon, China) projecting an image on a monitor, and captured with a video camera
(Caméra Digital Basler A312, Germany). For each sample, more than three fields per drop were analysed
and a minimum of 200 sperm were evaluated. The percentage of total motile sperm cells, progressive
motility (%), curvilinear velocity (VCL), linear velocity (VSL), and mean velocity (VAP) (um/s) were evaluated.

To assess sperm cell morphology, the percentage of live sperm cells and abnormalities were
evaluated using eosin-nigrosin staining according to the protocol of Munyai (2012). Briefly, 5 yL of semen
was diluted in 20 pL of eosin-nigrosin staining, and 7 uL of the dilution was pipetted and smeared on a glass
slide and evaluated after drying at room temperature. The slides were placed on a microscope table and a
drop of immersion oil was placed on the slide to evaluate live, dead and abnormal spermatozoa with a
fluorescent microscope (Olympus Corporation BX 51FT, Tokyo, Japan) under 100x magnification. A total of
200 spermatozoa per slide were evaluated and the total spermatozoa abnormalities were recorded.

Integrity of the sperm cell membrane was evaluated using a hypo-osmotic swelling test (HOST)
solution prepared with 9 g fructose and 4.9 g sodium citrate per litre distilled water (Alcay et al., 2015).
Briefly, 10 pL semen was diluted with 100 pL HOST solution and incubated at 37 °C for 60 minutes. After
incubation, 20 uL diluted semen was spread on a warm slide (37 °C) and covered with a cover slip. For
evaluation, 200 sperm cells were counted under 1000x magnification using a phase-contrast microscope.
Sperm cells with swollen or coiled tails were recorded as intact and those with curled tails as damaged.

Sperm cell acrosome integrity was evaluated with Pisum sativum agglutinin fluorescein conjugate
(PSA-FITC) according to the protocols of Alcay et al. (2015). Five puL of Bapedi ram semen was diluted with
200 pL Tris-buffer. Then 20 pL diluted semen was re-suspended in 500 pL phosphate buffered saline (PBS)
and centrifuged at 2000 rpm for 20 minutes. The supernatant was discarded, and the semen pellet was re-
suspended in 250 pL PBS solution. One drop of re-suspended semen was smeared on a glass microscope
slide and air dried. Then the slides were fixed with acetone at 4 °C for 10 minutes and covered with PSA-
FITC solution (50 pg/mL in PBS solution) in dark room for 30 minutes. The slides were rinsed with PBS
solution, covered with immersion oil and 200 a sperm cells were evaluated for intact and damaged acrosome
under a fluorescence microscope (Olympus Corporation BX 51FT, Tokyo, Japan).

The data were analysed with version 9.4 of Statistical Analysis System (SAS Institute, Inc., Cary,
North Carolina, USA). The linear model was that of a 2 X 4 factorial analysis of variance as implemented in
the GLM procedure. Duncan’s multiple range test was used to compare means and declaring them different
at a probability level of P =0.05.

Results and Discussion

In comparison with fresh semen, semen that was frozen and evaluated after being thawed had
significantly reduced TM, PM, RM, VCL, VSL and VAP (P <0.05) when evaluated with the CASA system
(Table 1). Semen that was extended with egg yolk incorporated in the extender had significantly higher TM,
PM, RM, VCL, VSL and VAP (P <0.05) than that without egg yolk in the extender. The supplementation of
PC liposome in extender with or without egg yolk did not improve the TM, PM, RM, VCL, VSL and VAP of the
sperm cells (P >0.05).

Freezing and thawing semen significantly reduced the percentage of live spermatozoa and the
integrity of the sperm membrane and its acrosome (P <0.05) relative to fresh semen (Table 2). The frozen-
thawed treatments did not differ significantly (P >0.05) on the percentage of live spermatozoa. Freezing and
thawing semen in extender with egg yolk resulted in better membrane integrity compared with semen that
was frozen in extender without egg yolk (P <0.05). Integrity of the sperm cell membrane after freezing and
thawing was not influenced by PC liposome supplementation of the extender (P >0.05). Supplementation of
the extender that contained egg yolk with PC liposome did not improve the integrity of the acrosome (P
>0.05). Interestingly, supplementation of the extender without egg yolk with 0.75 mg/ml PC liposome resulted
in acrosome integrity that was not significantly different (P >0.05) from the treatments with egg yolk.
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Table 1 Effects of concentration of phosphatidylcholine-liposome supplementation to Tris-based extender
with and without egg yolk on motility of Bapedi ram semen following cryopreservation

™, % PM, % RM, % VCL, uym/s VSL, um/s VAP, um/s
Fresh semen 91.3+2.92 35.9+3.12 49.7 + 7.9 115.8 +9.92 71.2+7.12 93.1 +8.02
PC-L, mg/mL
0 30.6 + 7.9<d 4.8 +3.2¢ 3.9+3.7 48.9+8.9  253+7.3cde 344 +80cde
without 0.25 14.7 + 7.9¢ 1.4 +3.2¢ 1.4 +3.7¢ 435 + 8.9 19.3 + 7.3% 26.0 + 8.0°
egg yolk 0.50 22.6 +7.9¢ 2.1+3.2d 0.6 +3.7¢ 34.6 +8.9¢ 15.8 +7.3¢ 22.8+8.0°
0.75 19.9 +9.7¢ 2.8+3.9¢ 1.2 + 4.5¢ 41.4+10.8° 21.2+8.9% 282 +098d
0 60.5 + 9.7° 17.6 + 3.9° 19.2 + 4.5b 77.0+10.8° 456 + 8.9 61.3 + 9.8b¢
with egg 0-25 60.9 + 7.9° 23.4+3.2° 20.5+3.7° 76.4 + 8.9° 56.7 + 7.3° 67.4 + 8.0°
yolk 0.50 60.7 + 7.9° 16.8 + 3.2° 14.2 + 3.7 65.3+8.9¢  44.4+7.3bcd 5484+ 8Qbcd
0.75 53.0 + 7.9b¢ 13.5 + 3.20¢ 12.9 + 3.7 63.8+8.9°c  36.9 +7.30de 483 + 8.Qbode

TM: total motility, PM: progressively motility, RM: rapid motility, VCL: curvilinear velocity, VSL: straight line velocity, VAP:
average path velocity, PC-L: phosphatidylcholine liposome
a¢ Means in the same column with a common superscript do not differ with probability P =0.05

Table 2 Effects of concentration of phosphatidylcholine-liposome supplementation to Tris-based extender
with and without egg yolk on viability, membrane integrity and acrosome integrity of sperm cells from Bapedi
rams following cryopreservation

Live, % Dead, % ABN, % IM, % DM, % 1A, % DA, %
Fresh semen 85.8 + 3.92 14.2 +3.9° 0.2+0.2° 91.1 +2.62 8.9+2.64 90.6 £ 2.32 9.4+2.3d
PC-L, mg/mL
0 46.0 + 3.0P 51.8 +3.12 21+1.42 31.9+399 68.1+392 384+469 61.6+4.62

Without 0.25  445+34° 530+36% 3.8+24% 327+45¢ 67.4+45% 47.8+539 522453
eggyolk 050  438+30° 535+31° 26+14% 363+3.9%9 63.7+£3.9% 464+46% 537+46%
075  445+42° 510+44% 45+19° 328+569 67.2+56% 625+65% 375+ 6.5
0 453+34> 532+36%° 15+16% 558+45° 442+45 760+53° 240+5.3°
With 025  442+34> 517+36% 42+16° 47.1+45% 529+45 708+53° 292+53°
eggyolk 050  438+3.0° 53.1+31° 42+16% 584+39° 41.8+3.9° 76.1+46° 23.9+46°
075  47.7+34° 506+36% 51+27% 536+45° 464+45° 62.7+53% 37.3+5.3b¢

ABN: abnormal cells, IM: intact membrane, DM: damaged membrane, IA: intact acrosome, DA: damaged acrosome, PC-
L: phosphatidylcholine liposome
ad Means in the same column with a common superscript do not differ with probability P =0.05

Bapedi sheep is a South African indigenous breed that has been reported to be under threat of
extinction (Soma et al., 2012). Bapedi sheep can endure various climatic conditions and are tolerant to ticks
and diseases (Soma et al., 2012). Cryopreservation of semen from Bapedi sheep is seen as a method of
enabling their conservation.

The aim of this study was to evaluate the effect of PC as a cryoprotectant in extender with or without
egg yolk on semen characteristics and acrosome integrity of sperm cells in semen from Bapedi rams that
had been frozen and then thawed. The results demonstrated that supplementing PC liposome into Tris-
based extender without egg yolk produced sperm that were less viable and had reduced motility compared
with those that were cryopreserved in Tris-based extender with egg yolk. However, even the presence of egg
yolk in the extender did not fully protect the spermatozoa against the detrimental effect of cryopreservation.
This decline in semen quality after freezing and thawing is similar to the results of other studies (Forouzanfar
et al., 2010; Luna-Orozco et al., 2019), and was, therefore, to be expected.
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The process of freezing semen subjects the sperm cells to chemical and structural alterations,
resulting in compromised membrane integrity, viability and motility (Fukui et al., 2010). In the present study,
frozen-thawed semen extended with egg yolk and without PC liposome resulted in higher sperm motility
rates such as TM, PM, RM, VCL, VSL, and VAP compared with extender without egg yolk. The extenders
containing egg yolk, with or without PC liposome were able to maintain the VCL, VSL and VAP of the
spermatozoa, characteristics that have been linked to fertility (Del Olmo et al.,, 2013).The biochemical
composition of egg yolk, which includes phospholipids, cholesterol and low-density lipoproteins, makes it an
excellent cryoprotective ingredient of the extender used in freezing semen (Kulaksiz et al., 2010; Dong et al.,
2011; Toker et al., 2016). But because the composition of egg yolk is variable and may carry pathogens, an
alternative cryoprotective agent for use in freezing semen would be desirable. The present study evaluated
the use of PC liposome for protection of the spermatozoa. However, the incorporation of PC liposome in
extenders with or without egg yolk proved not to be beneficial for sperm motility.

Although semen freezing methodologies are generally similar across species, the success of
cryopreservation depends on the species (Luna-Orozco et al., 2019) in part because of variations in size,
shape, and lipid composition of spermatozoa (Purdy, 2006). Prior to the initiation of this study, it was
anticipated that incorporation of PC liposome alone in the extender would improve the quality of
cryopreserved ram semen, similarly to other species (He et al., 2001; Ropke et al., 2011; Pillet et al., 2012;
Kumar et al., 2015). Murphy et al. (2018) found that whereas extenders that contained plant-based liposome
significantly reduced post-thaw sperm motility and kinematics. However, this semen produced 60-day non-
return rates in cattle that were similar to semen frozen in egg yolk-based extender. Luna-Orozco et al. (2019)
also concluded that liposome-based diluents and those made with egg yolk produced similar results in terms
of sperm parameters and were more efficient in protecting the integrity of membrane in freezing/thawing
ovine semen. However, the incorporation of PC liposome in the extender was unable to protect ejaculated
and epididymal sperm cells from boars compared with the use of 20% egg yolk in cryopreservation of their
semen (Alvarez-Rodriguez et al., 2017).

The percentage of live spermatozoa in frozen-thawed semen was reduced in the present study
regardless of whether the extender contained egg yolk and of the concentration of PC liposome. Similarly,
Forouzanfar et al. (2010) found no significant differences in the percentage of live spermatozoa in ram
semen cryopreserved with egg yolk and liposomes. Luna-Orozco et al. (2019) corroborated their results and
found no effect of liposome or egg yolk extenders on the viability of frozen-thawed semen. However,
Sitimurang (2012) observed significant differences on the percentage of live spermatozoa when the freezing
bull semen was supplemented with PC liposome whether it included egg yolk or not.

Spermatozoa tend to become deformed during the initial stages of freezing, presumably as a
consequence of water migrating into or out of the cells, leading to the organelles undergoing shrinkage and
swelling (Ozkavukcu et al., 2008). Previously, the PC of egg yolk was considered the major cryoprotective
agent of the sperm membrane against cold shock (Bergeron & Manjunath, 2006; Forouzanfar et al., 2010).
However, in the present study, the proportion of abnormal sperm cells increased after freezing and thawing,
irrespective of the composition of the extender and the presence of PC-liposome in the extender without egg
yolk did not protect the sperm membrane from damage. However, the use of liposomes has been shown to
improve sperm membrane integrity to a degree that was not significantly different from egg yolk extender
(Luna-Orozco et al., 2019).

The inability of the PC liposome to protect the sperm membrane remains difficult to assess, but the
incubation period prior to freezing and the membrane phospholipid content of the semen might have played
a role. Ropke et al. (2011) showed that the interaction of the sperm membrane and PC for 24 hours before
freezing bovine semen resulted in improved membrane integrity. There are differences in the sperm
membrane composition among species and breeds (Luna-Orozco et al., 2019). Previous studies assumed
that PC is one of the major sperm membrane phospholipids and that it protects the membrane during
freezing (Ricker et al., 2006; Zhang et al., 2009). Fang et al. (2016) noted that freezing changed the
spermatozoa plasma membrane phospholipid profiles and functions, and the magnitude of the change was a
function of the rate of freezing.

Acrosome integrity is an important component of sperm analysis to ensure fertility (Kumar et al.,
2006). According to (Peruma, 2018), low acrosome integrity could lead to sperm cells with high motility that
were not fertile. In the current study, the inclusion of 0.75 mg/mL PC liposome in extender without egg yolk
surprisingly resulted in acrosome integrity that was similar to that achieved with Tris-based extender with egg
yolk Similarly, during Buffalo semen cryopreservation, PC-liposome maintained the acrosome integrity to a
degree that was similar to egg yolk extender (Kumar et al., 2015). Simpson et al. (1986) found that PC
liposome has the ability to prevent the premature acrosome reaction, although no recent literature was found
to corroborate that result. The acrosome reaction refers to the exocytotic process that occurs post the
binding of the spermatozoa with the zona pellucida of the oocyte (Ickowics et al., 2012). Only spermatozoa
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with that have undergone the acrosome reaction can penetrate the zona pellucida and fertilize an oocyte
(Avella & Dean, 2011). Fertilization would be compromised if sperm cells had a premature acrosome
reaction.

Lastly, the results of this study revealed that including the PC liposome in extender containing egg
yolk did not improve semen quality. Although there are no previous records of PC liposome supplementation
of egg yolk-based extenders for freezing ram semen, Sitimurang (2012) observed no beneficial effects on
bull semen frozen using Tris-based extender with 10% egg yolk that was supplemented with 0 mg/ml and 0.5
mg/mL PC liposome. This implies that supplementing relatively low levels of PC liposome in extender with
egg yolk does not improve the quality of frozen-thawed semen. In a related study, contrary to the present
results, Farshad et al. (2011) indicated that the inclusion of cholesterol-loaded-cyclodextrin in extenders with
egg yolk improved the sperm quality compared with those without egg yolk. Their results might support the
hypothesis of Purdy and Graham (2004) that the cholesterol that is supplemented in egg yolk extender is
attracted to the egg yolk lipids instead of the sperm membrane. There is a possibility that in the current study
the PC liposome was attracted to the lipids of the egg yolk instead of the sperm membrane, and thus did not
benefit the sperm during freezing.

Conclusions

The supplementation of PC liposome in Tris-based extender is not a viable alternative for egg yolk in
cryopreservation of ram semen. Sperm cell membrane integrity after thawing was not improved by
supplementing extender with or without egg yolk with PC liposome. The addition of PC liposome in Tris-
based extender with egg yolk yielded similar results to control (Tris-based extender with egg yolk alone) on
sperm cell acrosome integrity. It is recommended that further studies should be undertaken to evaluate the
effects of various phospholipid combinations and the protective mechanism of PC liposome on ram sperm
cells if egg yolk is to be replaced in the semen extender.
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