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Objective: This study aimed to investigate the effect of adding cysteine to an Low Density
Lipoprotein (LDL)-based extender on some quality parameters of goat sperm after
freezing.

Method: This study was conducted in a completely randomized design with four
treatments, including: egg yolk-based extender without cysteine (EY), LDL-based
extender containing zero (LDL-CO), five (LDL-C5), and 10 (LDL-C10) mM cysteine, and
six replicates. Semen samples after dilution with the aforementioned extenders, were
frozen. After thawing, total and progressive motility (CASA system), sperm plasma
membrane integrity (eosin-negrosin staining), functionality (HOS test), and sperm
morphology (Hancok solution) were evaluated.

Results: Total motility was higher in LDL-C5 compared to EY and LDL-C10 (P <0.05).
Progressive motility in all treatments using LDL-based extender was significantly higher
than EY. Other motility parameters were higher in LDL-C5 compared to EY (P <0.05).
However, no significant differences were observed between the LDL-CO, LDL-C5, and
LDL-C10, except for the VSL, which was significantly lower in LDL-C0O compared to
LDL-C5 (P <0.05). Sperm plasma membrane integrity, functionality, and sperm
morphology were higher in all treatments using LDL-based extender compared to EY (P

<0.05), with the highest values observed in LDL-C5.
Conclusions: Overall, the results showed that adding 5 mM cysteine to the LDL-based
extender can improve some quality parameters of goat sperm and using semen from this
group may enhance both in vitro and in vivo fertility.
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Introduction

Freezing-induced damage to sperm occurs mainly due to the formation of ice crystals and the
increased concentration of components within semen and spermatozoa. During artificial
insemination procedures, sperm are exposed to oxygen and visible light during processes such
as evaluation and storage, which ultimately lead to the generation of reactive oxygen species
(ROS) and reduced sperm motility. Stress caused by ice crystal formation is consistently
accompanied by changes in osmotic pressure within the unfrozen fraction. Intracellular damage
can be minimized by using a slow-freezing protocol, thereby reducing cell death. Although the
exact cause of reduced fertility in frozen or chilled stored sperm has not been well established,
extensive studies have investigated effective antioxidants to neutralize the harmful effects of
ROS on sperm quality. One of the antioxidants proposed for sperm protection is cysteine.
Cysteine can inhibit the activity of toxic oxygen metabolites that induce lipid peroxidation of
the sperm plasma membrane. Previous studies have shown that supplementation with cysteine
before freezing and after thawing improves sperm viability, motility, acrosome integrity, and
reduces ROS levels in ram sperm.

On the other hand, egg yolk has been widely used for many years as a non-penetrating
cryoprotectant in the freezing of semen from various animal species and even humans. The
main protective component of egg yolk is low-density lipoprotein (LDL), which helps preserve
membrane integrity during freezing. However, studies have shown that egg yolk may reduce
post-thaw sperm viability and acrosome integrity in some species, including rams. Although
the protective effects of egg yolk against cryopreservation-induced sperm damage have been
well documented, it should be noted that egg yolk contains a variety of components that may
affect outcomes. Therefore, researchers have proposed using LDL, the principal protective
fraction of egg yolk, to retain its beneficial effects while minimizing the disadvantages
associated with whole egg yolk. Based on these considerations, the present study was conducted
to evaluate the effect of supplementing an LDL-based extender with the amino acid cysteine on
the post-thaw quality of goat sperm.

Method
In this experiment, semen samples were collected using an artificial vagina twice weekly for

three consecutive weeks. After initial evaluation, the selected ejaculates were pooled and
divided into four equal aliquots. Each aliquot was diluted with one of the following extenders:
(1) an egg yolk-based extender without cysteine (EY), (2) an LDL-based extender without
cysteine (LDL-CO0), (3) an LDL-based extender supplemented with 5 mM cysteine (LDL-C5),
and (4) an LDL-based extender supplemented with 10 mM cysteine (LDL-C10). Following
dilution, the samples were frozen using liquid nitrogen. After thawing, several sperm quality
parameters were evaluated. These included total motility (TM, %), progressive motility (PM,
%), average path velocity (VAP, um/s), straight-line velocity (VSL, um/s), curvilinear velocity
(VCL, um/s), amplitude of lateral head displacement (ALH, um), beat cross frequency (BCF,
Hz), linearity (LIN, %), and straightness (STR, %). These parameters were assessed using a
computer-assisted sperm analysis system (CASA; IVOS Version 12, Hamilton-Thorne
Biosciences, Beverly, MA, USA). In addition, sperm plasma membrane integrity and
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morphology were evaluated using eosin—nigrosin staining, while the sperm plasma membrane
functionality was assessed using the hypo-osmotic swelling test (HOST). The data were
analyzed using the GLM procedure of SAS software (Version 9.1), and treatment means were
compared using Duncan's multiple range test.

Results

The results of this study showed that total motility was significantly higher in the LDL-C5
treatment than in the EY and LDL-C10 treatments, whereas no significant difference was
observed between LDL-C5 and LDL-CO. Progressive motility was significantly higher in all
LDL-based extender treatments than in the EY treatment. However, no significant differences
were found among the LDL-CO, LDL-C5, and LDL-C10 groups. The results for LIN, VSL,
VCL, VAP, STR, and ALH showed that all of these parameters were significantly higher in the
LDL-CS5 treatment than in the EY treatment. However, no significant differences were observed
among the LDL-CO, LDL-C5, and LDL-C10 treatments, except for VSL, which was
significantly lower in the LDL-CO group than in the LDL-C5 group. The results for plasma
membrane integrity, plasma membrane functionality, and normal sperm morphology indicated
that all LDL-based extender treatments produced significantly higher values than the EY
treatment. Furthermore, among the LDL-based treatments, the LDL-C5 group showed
significantly higher values than both the LDL-CO0 and LDL-C10 groups.

Conclusions

The results of this study showed that progressive motility, other motility parameters, plasma
membrane integrity, plasma membrane functionality, and normal sperm morphology were
significantly better in all treatments using the LDL-based extender compared to the egg yolk-
based extender. These findings are consistent with previous studies that evaluated the effects of
LDL-based extenders on post-thaw sperm quality in rabbits, bulls, and rams. In addition, our
results agree with studies investigating the supplementation of cysteine in ram and bull semen
extenders. The improvement in sperm motility and related motility parameters observed in the
LDL-based extender supplemented with cysteine is likely due to the removal of harmful egg
yolk components and the protective effect of cysteine on the functional integrity of the
acrosome and mitochondria. It has been suggested that the main mechanism by which LDL
protects sperm is through its binding to seminal plasma proteins. By binding to these proteins,
LDL prevents their interaction with the sperm membrane. Furthermore, LDL contributes its
phospholipids and cholesterol to the sperm plasma membrane, replacing lost membrane
components and helping to restore membrane structure and stability. Cysteine is a non-essential
amino acid with free radical scavenging properties. It also serves as a precursor for intracellular
glutathione, the level of which decreases during the freeze—thaw process.

Overall, the findings of this study indicate that the use of an extender containing 8% LDL and
5 mM cysteine can improve the post-thaw quality of goat sperm. This improvement is likely
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associated with the ability of cysteine to neutralize reactive oxygen species and the role of
LDL in restoring the sperm plasma membrane.
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Figure 2. effect of cysteine on sperm progressive motility
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Figure 3. effect of cysteine on sperm plasma membrane integrity
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Figure 4. effect of cysteine on sperm plasma membrane functionality
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Figure 5. effect of cysteine on sperm normal morphology
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