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Oxidative stress is a critical factor affecting the quality and viability of sperm during boar semen
storage. Oxidative stress is also a significant concern during the process of freezing semen. The process
of semen storage involves exposing the sperm to various stressors, including temperature changes,
cryoprotectants, and extended periods of incubation. In addition, oxidative stress can lead to the pro-
duction of reactive oxygen species (ROS) within the sperm, resulting in oxidative damage to cellular
components, such as lipids, proteins, and DNA. Striking a balance between ROS production and the
antioxidant defense system is crucial for maintaining sperm viability and functionality during semen
storage. Moreover, the prolonged storage of boar semen leads to an increase in ROS levels, which
can impair sperm motility, membrane integrity, and DNA integrity. ROS-induced lipid peroxidation
affects the fluidity and stability of sperm membranes, leading to decreased sperm motility. Moreover,
oxidative damage to the DNA can result in DNA fragmentation, compromising the genetic integrity
of the sperm. In conclusion, oxidative stress is a significant challenge in maintaining sperm quality
during boar semen storage. Understanding the mechanisms underlying oxidative stress and their impacts
on sperm function is crucial for developing effective strategies to minimize oxidative damage and

improve sperm storage outcomes.
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Table 1. Characteristics of sperm viability in the storage of boar semen

Characteristics

Functions

Sperm motility

Plasma membrane integrity
Acrosome integrity

DNA integrity

Mitochondrial function
Membrane lipid peroxidation
Capacitation

Antioxidant capacity

Reactive oxygen species levels
Apoptosis

An essential factor for successful fertilization

Maintaining the integrity of the sperm cell

A specialized organelle in sperm

Essential for successful fertilization and embryo development

Play in energy production in sperm

Affect the integrity of the sperm plasma membrane

Affect the fertilizing ability of sperm

Scavenge reactive oxygen species and protect sperm from oxidative stress
Oxidative stress and damage to sperm

Decrease sperm viability and fertilizing ability
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Table. 2. Factors of oxidative stress in normal and cryopreservation

Normal

Cryopreservation

Age and lifestyle factors
Environmental factors
Infections and inflammation
Varicocele and genetic factors

ROS production during freezing and thawing
Cryoprotectant toxicity

Ice crystal formation

Ischemia-reperfusion injury
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Table 3. Oxidative stress-regulated signaling pathways
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Signaling pathways

Functions

Nuclear factor-kappa B (NF-kB)
Mitogen-activated protein kinase (MAPK)
Phosphatidylinositol-3 kinase (PI3K)/Akt

c-Jun N-terminal Kinase (JNK)

p38 MAPK

Protein kinase B (Akt)

Caspase

Heat shock protein (HSP)

Nuclear factor erythroid 2-related factor 2 (Nrf2)

A pro-inflammatory pathway and cell survival
Sperm motility and viability, cell growth, survival
Protect sperm, cellular survival, and growth
Induce apoptosis and impair sperm quality

Sperm motility and viability during freezing
Promote cell survival and protect against apoptosis
Programmed cell death in oxidative stress

Protect cells from stress-induced damage

A protective pathway regulates antioxidant genes
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Positive pathways Negative pathways
PI3K/Akt Caspase
Oxidative

MAPK <« > INK
stress
NF-kB P38 MAPK

Sperm motility, viability,
growth, and survival

Sperm cell death and damage

Fig. 1. Positive and negative pathways in oxidative stress.
Sperm motility, viability, growth, and survival regu-
late PI3K/AKT, MAPK, and NF-kB signaling path-
ways. Caspase, JNK, and P38 MAPK signaling path-
ways are activated in sperm cell death and damage.
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