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Cryopreservation of Canine Semen: A Review

Abstract
Cryopreservation of canine semen plays a vital role in modern dog breeding, genetic conservation, and assisted reproductive technologies. The ability to preserve spermatozoa for extended periods enables the exchange of valuable genetic material across geographical boundaries and facilitates breeding without the need to transport animals. However, the freezing–thawing process can induce significant damage to sperm cells due to cold shock, oxidative stress, and structural alterations in the sperm membrane. To address these challenges, several cryopreservation techniques, including the Uppsala, Norwegian, CERREC, and CERCA methods, have been developed to improve post-thaw sperm quality. The selection of suitable cryoprotectants and extenders is critical for protecting spermatozoa during freezing. Traditional extenders containing egg yolk and its derivatives, such as egg yolk plasma and low-density lipoproteins, are widely used because of their protective effects. More recently, alternative cryoprotectants like soybean lecithin and skim milk have gained attention. In addition, antioxidants and emerging biological strategies, including mesenchymal stem cells, show promise in mitigating oxidative damage and enhancing sperm viability during cryopreservation. This review summarizes the commonly used techniques for canine semen cryopreservation and highlights the role of various cryoprotectants and additives in maintaining sperm quality during long-term storage.
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1. Introduction
The domestic dog (Canis lupus familiaris) holds significant importance not only as a companion animal but also in areas such as breeding, working dog programs, and conservation of valuable genetic lines. In recent decades, advances in assisted reproductive technologies have increased the demand for efficient methods of semen preservation (Suzuki et al., 2021). Cryopreservation of canine semen has become an important tool for long-term storage of genetic material, enabling breeders to maintain and distribute desirable traits without the need to transport animals across long distances (Igna, 2007). The technique also supports the preservation of rare or valuable genetic resources and facilitates breeding programs involving geographically distant animals (Farstad, 2009).Despite its advantages, the cryopreservation of canine semen presents several challenges. During the freezing and thawing process, sperm cells are exposed to physical and biochemical stresses that can negatively affect their structure and function (Abe et al., 2008). Rapid temperature changes can cause cold shock, leading to damage of the sperm plasma membrane and reduced motility. In addition, the formation of ice crystals and the generation of reactive oxygen species during cryopreservation can impair membrane integrity, mitochondrial function, and DNA stability of spermatozoa (Peña and Linde-Forsberg, 2000a; Igna, 2007).
To minimize these detrimental effects, various cryopreservation protocols and semen extenders have been developed. Techniques such as the Uppsala, Norwegian, CERREC, and CERCA freezing methods have been widely used to improve the survival and functionality of canine sperm after thawing (Linde-Forsberg, 2005; Andersen, 1972; Briffaut, 2007; Benechet, 2007). Along with optimized freezing procedures, the use of suitable cryoprotectants and extenders plays a crucial role in protecting sperm cells during the cryopreservation process. Traditionally, egg yolk-based extenders have been extensively used due to their protective lipoproteins and phospholipids (Pillet et al., 2011). Components such as low-density lipoproteins and egg yolk plasma have been identified as key factors responsible for stabilizing sperm membranes during freezing (Bencharif et al., 2012; Corcini et al., 2016).
In recent years, alternative extenders such as soybean lecithin (List, 2015) and skim milk (Manjunath, 2018) have been investigated as substitutes for egg yolk-based systems. Additionally, the incorporation of antioxidants (Michael et al., 2007; Lecewicz et al., 2018)and emerging biological approaches, including mesenchymal stem cells and their derivatives (Saadeldin et al., 2020; Qamar et al., 2020), has shown promising results in improving post-thaw sperm quality. These strategies aim to reduce oxidative stress and enhance the overall survival of spermatozoa during cryopreservation. Therefore, understanding the different preservation techniques and protective additives is essential for improving the efficiency of canine semen cryopreservation. This review provides an overview of commonly used freezing techniques and discusses the role of various cryoprotectants and protective agents in maintaining sperm quality during long-term storage.
2. Cryopreservation techniques for Canine Semen
2.1 Semen Collection and Initial Processing	
In dogs, semen is typically collected via digital manipulation, with the second fraction of the ejaculate—the sperm-rich fraction—being preferentially used for cryopreservation. The principal stages of semen freezing include centrifugation, dilution, thermal equilibration, packaging, freezing, and subsequent thawing. Centrifugation is generally the initial step in canine semen cryopreservation protocols. Its primary purpose is to remove excess prostatic fluid, which has been reported to negatively affect the motility and viability of frozen–thawed spermatozoa (England and Allen, 1992). In addition, centrifugation facilitates standardisation of semen extension, enabling precise control over final sperm and glycerol concentrations (Linde-Forsberg, 2005). The regimen most commonly employed involves centrifugation at 600–700 × g for 5–10 minutes (Igna, 2007). Moreover, Johnson (2000) demonstrated that collecting semen directly into pre-warmed extender media can mitigate cold and pH shock to spermatozoa, thereby enhancing both sperm motility and lifespan.
2.2 Semen Dilution and Extenders
Dilution is a critical step in canine semen cryopreservation, serving to protect spermatozoa from low-temperature stress and to achieve the target final sperm concentration. In most established protocols, semen is frozen at a concentration of 50–100 million spermatozoa per 0.5 ml straw, with two to four straws typically utilised per insemination. However, when using a Tris-based extender, optimal post-thaw sperm quality has been reported at a higher final concentration of 200 × 10⁶ spermatozoa/ml (Peña and Linde-Forsberg, 2000a).
An effective semen extender should be isotonic with spermatozoa, maintain a pH range of 6.9–7.1, and supply energy substrates such as glucose and fructose. It must also incorporate cryoprotective agents, most commonly glycerol, to mitigate cold-induced damage, and include antibacterial compounds, such as penicillin and streptomycin, to prevent microbial contamination (Igna, 2007).
2.3 Dilution Methods
Semen dilution can be performed in one step or in two steps. In the two-step method, the first dilution is carried out at room temperature, while the second dilution is performed after chilling/equilibration and immediately before freezing (Sulabda et al., 2022). Studies have shown no significant differences in post-thaw sperm viability or longevity whether glycerol is added in a single step or in two gradual steps (Peña and Linde-Forsberg, 2000b). However, when Equex STM paste (containing sodium dodecyl sulfate) is used, it is recommended to add it immediately before freezing, making the two-step dilution approach more suitable (Peña and Linde-Forsberg, 2000b).
2.4 Freezing Protocols
Various extenders such as TRILADYL extender, Norwegian extender, and Dutch extender have been evaluated for canine semen cryopreservation. Typically, semen samples are diluted to a final concentration of approximately 150 × 106 spermatozoa per ml, equilibrated at 5°C for about 2 hours, and then packed into 0.5 ml mini straws. Prior to freezing, a portion of the extended semen may be evaluated for initial acrosome integrity using FITC-PNA staining. Freezing is performed using programmable freezing equipment following different cooling protocols developed for canine semen (Szasz et al., 2000). After completion of the freezing program, samples are finally plunged into liquid nitrogen for long-term storage.
2.5 Packaging of Frozen Semen
Preparation for cryopreservation also involves packaging semen into identifiable insemination doses. These may include flakes, pellets, tubes, or straws. Among these, plastic straws are the most commonly used packaging system in dogs, as they offer advantages such as uniform freezing, efficient storage capacity, and easy identification through labeling (Igna, 2007).
2.6 Equilibration and Cooling
Before freezing, diluted semen is gradually cooled to 4°C and maintained at this temperature for 1–4 hours, depending on the protocol. This process, known as equilibration or balancing, allows spermatozoa to develop greater resistance to thermal stress during freezing. Although canine spermatozoa are relatively resistant to cold shock, studies indicate that slow cooling is preferable for maintaining sperm viability (England, 1993).
2.7 Final Cryopreservation
Freezing can be performed using programmable freezers or by suspending semen straws at specific distances above liquid nitrogen vapor. The final step involves plunging the straws into liquid nitrogen (−196°C) for long-term storage (Igna, 2007).
3. Freezing Techniques for Canine Semen
3.1 Uppsala Freezing Technique (Linde-Forsberg, 2005):
In the Uppsala method, the second sperm-rich fraction of the ejaculate is collected by digital manipulation and evaluated for morphology, motility, and sperm concentration. The semen is centrifuged at 700 × g for 6 minutes, the supernatant is removed, and the pellet is diluted at room temperature with Uppsala Extender I or Equex II (Tris, fructose, glycerol, egg yolk, and Equex) to 400 × 106 spermatozoa/ml, followed by equilibration at 4°C for 60–75 minutes. After equilibration, an equal volume of Uppsala Extender II cooled to 4°C is added dropwise, and the sample is packed into 0.5-ml straws to obtain a final concentration of 200 × 106 spermatozoa/ml. Freezing is carried out in liquid nitrogen vapor either by stepwise cooling at different distances above the nitrogen surface or by placing the straws 4 cm above LN2 for about 10 minutes, followed by immersion in liquid nitrogen. Each straw usually contains approximately 100 × 106 spermatozoa, with 2–3 straws used per artificial insemination, although lower concentrations may be used for small breeds. Thawing is generally performed at 70°C for 8 seconds, after which the semen is diluted in Uppsala Equex II thawing medium at 37°C for about 5 minutes before evaluation and insemination.
Linde-Forsberg (2002 a,b) reported higher whelping rates and larger litter sizes when semen was deposited intrauterinely rather than intravaginally, regardless of whether semen was fresh, chilled, or frozen-thawed. Post-thaw evaluation showed 68.48% total motility at thawing and 64.62% after 30 minutes, with 57.0% progressive motility at T0 and 54.88% at T30. Approximately 55.4% live spermatozoa with intact acrosomes and 27% with damaged acrosomes were observed, with a 71.9% whelping rate.
Martins-Bessa et al. (2006) reported no advantage of ethylene glycol compared with glycerol in Uppsala Equex II and Norwegian extenders, whereas improved motility parameters seen when ethylene glycol was used. Neagu et al. (2010) demonstrated that adding the antioxidant butylated hydroxytoluene (BHT) increased sperm membrane integrity to 71.6%. Furthermore, Linde-Forsberg (1995) showed that spermatozoa could be frozen after 1–2 days of cold storage using Uppsala Equex II without significant deterioration in post-thaw motility, acrosome integrity, or plasma membrane integrity.
3.2 Norwegian Freezing Technique (Andersen, 1972):
In the Norwegian canine semen cryopreservation protocol, a well-fractionated ejaculate is initially obtained via digital manipulation. When fractionation is incomplete, the semen is diluted 1:5 with extender, centrifuged at 1000 × g for 5 minutes, and subsequently resuspended to the original volume ratio. The sperm-rich fraction is then diluted 1:5 at 35 °C using a Tris–glycerol–fructose extender, with 20% (v/v) egg yolk added immediately prior to dilution. The diluted semen is maintained in a 35 °C water bath and gradually cooled in a refrigerator over approximately 2 hours to reach 4 °C.
Following cooling, the semen is packaged into medium-sized straws and frozen in nitrogen vapour for 10 minutes at a height of 4 cm above the liquid nitrogen surface, before final storage in liquid nitrogen. The resulting sperm concentration is approximately 100 × 10⁶ spermatozoa per ml. Thawing is performed in a 70 °C water bath for 8 seconds, and intrauterine insemination is conducted using the Norwegian catheter technique. When insemination is timed optimally, a whelping rate of 78% and mean litter size of 5.8 ± 0.2 are achieved; delayed insemination reduces fertility to 55.7% with a litter size of 4.5 ± 0.5.
Szasz et al. (2000) adapted this protocol using Triladyl extender, reporting a pregnancy rate of 57% and a smaller mean litter size of 2.8 compared with the original method.
3.3 CERREC Cryopreservation Technique (Briffaut, 2007):
[bookmark: _GoBack]The CERREC protocol (Centre d’Élevage Canins, Lyon) is applied exclusively to ejaculates of high quality, typically characterised by 70–80% motility and 20–30% morphological abnormalities. Following collection via digital manipulation and preliminary evaluation, the ejaculate is centrifuged to remove the supernatant. A freshly prepared Tris-based CERREC extender, containing glucose, glycerol, and egg yolk, is then added to achieve the desired final sperm concentration. The semen–extender mixture is equilibrated at 4 °C for approximately 2 hours before being packaged into 0.25 or 0.5 ml straws, which are labelled with appropriate identification details.
For cryopreservation, the straws are initially exposed to nitrogen vapour at −70 °C for 10 minutes and subsequently immersed in liquid nitrogen at −196 °C. Thawing can be performed either at 70 °C for 8 seconds or at 37 °C for 10 seconds. Using this protocol, Barthelemy (2009) reported an overall fertility rate of 62.4%. Fertility was slightly higher following intrauterine insemination (66.5%) compared with intravaginal insemination (63.3%), although litter sizes remained similar between methods. Notably, fertility improved with repeated inseminations, reaching 60.3% for a single insemination, 72.5% for double insemination, and 78.3% for triple insemination.
3.4 CERCA Freezing Protocol (Benechet, 2007):
In the CERCA protocol, the sperm-rich fraction is centrifuged at 600–700 × g for 5–10 minutes, followed by removal of the supernatant. The semen pellet is then gradually mixed with CERCA Extender I (Tris, fructose, glycerol, and egg yolk) at 22°C, using 1.5 ml extender per 100 million spermatozoa. The mixture is equilibrated at 4°C for 1 hour, after which a second dilution is carried out using CERCA Extender II, which contains the same components as Extender I along with Equex.
The diluted semen is loaded into straws and frozen in nitrogen vapor at −70°C for 10 minutes, followed by immersion in liquid nitrogen at −196°C. Post-freezing evaluation is performed 24–48 hours later, and only ejaculates exhibiting at least 40% motility are retained for storage. Thawing is conducted at either 70°C for 8 seconds or 37°C for 45 seconds. Reported post-thaw semen characteristics include 85% morphologically normal spermatozoa, 57% live sperm, 60% motility immediately after thawing (57% after 1 hour), and 68% membrane integrity as assessed by the hypoosmotic swelling test. Benechet (2007) and Esparel (2010) reported pregnancy rates of 50.5% and 57.1%, respectively. Mimouni and Dumon (2005) observed fertility rates of 30–40% following intravaginal insemination and 60–65% after intrauterine insemination.
4. Thawing of Canine Semen:
During thawing, semen straws are typically immersed in a water bath at a temperature and duration specific to the freezing protocol, as freezing and thawing rates are closely interrelated. In canine semen cryopreservation, rapid thawing has been shown to improve sperm viability. Studies indicate that thawing 0.5 ml straws at 70°C for 8 seconds results in higher post-thaw sperm survival compared with thawing at 37°C for 15–60 seconds (Olar, 1984; Concannon and Battista, 1989; Peña and Linde-Forsberg, 2000b).
5. Cryoprotectants in Canine Semen Preservation
5.1 Egg Yolk Alternatives
The preservation of spermatozoa through cryopreservation requires the incorporation of suitable cryoprotective agents to safeguard sperm cells during freezing and thawing. Among the commonly used cryoprotectants in standard protocols are glycerol, egg yolk, skim milk, and Equex (Sodium Dodecyl Sulfate; SDS) (WHO, 2010). Semen extenders used for cryopreservation may either be prepared in laboratories or obtained from commercial sources. In canine semen cryopreservation, the addition of fresh egg yolk to extenders is widely practiced because of its well-established protective effects on sperm cells during freezing. Despite its widespread use, egg yolk presents certain limitations, including the potential risk of microbial contamination and the labor-intensive process required for the manual separation of egg yolk from albumen (Pillet et al., 2011). Consequently, recent studies have increasingly focused on identifying and evaluating alternative components to replace egg yolk in semen extenders. Although several egg yolk substitutes have been investigated, their long-term effects on fertility outcomes remain insufficiently explored.
5.2 Low-Density Lipoproteins
Low-density lipoproteins (LDL), recognized as the principal protective fraction of egg yolk, have been investigated as an alternative component in canine semen extenders. Studies have shown that the incorporation of 6% LDL in a Tris–citric acid–fructose extender does not negatively affect the fertilizing ability of canine spermatozoa. Moreover, replacing egg yolk with 6% LDL effectively maintained important post-thaw sperm quality parameters, including motility as well as DNA, plasma membrane, and acrosome integrity (Bencharif et al., 2008). Further investigations demonstrated that the combination of 6% LDL with 20 mmol/mL glutamine provided superior protection to sperm during cryopreservation compared with extenders containing egg yolk, LDL alone, or Equex (Bencharif et al., 2012). These findings highlight the potential of LDL as a promising substitute for conventional egg yolk-based extenders. However, the practical application of LDL remains limited due to the complexity and technical challenges associated with its extraction and purification processes (Moustacas et al., 2011).
5.3 Egg Yolk Plasma
Egg yolk plasma contains a substantial proportion of the protective LDL fraction, with approximately 85% of LDL present within this component (Pillet et al., 2011). Both liquefied and lyophilized forms of egg yolk plasma have been proposed as potential substitutes for purified LDL in canine sperm cryopreservation. In several studies, egg yolk plasma demonstrated improved efficiency in preserving post-thaw sperm quality compared with whole egg yolk (Corcini et al., 2016; Belala et al., 2019). Specifically, egg yolk plasma effectively maintained sperm motility, morphology, and both plasma membrane and acrosomal integrity when semen samples were cooled for up to 10 hours prior to freezing (Corcini et al., 2016). Despite these promising outcomes, the precise mechanisms through which egg yolk plasma protects sperm cells, as well as its long-term effects on canine sperm cryopreservation, remain unclear and require further investigation.
5.4 Soybean Lecithin
Lecithin, a compound composed of approximately 65% phospholipids and triglycerides, is naturally present in both egg yolk and soybeans (Wu and Wang, 2003). Lecithin extracted from soybean oil has long been utilized in various food and industrial products as a substitute for animal-derived fats (Wu and Wang, 2003; List, 2015). Due to its functional properties, lecithin can act as an emulsifier, thickening agent, or crystallization control compound (List, 2015). In the field of semen cryopreservation, soybean lecithin has been proposed as a plant-based alternative to egg yolk and its derivatives. As a result, several lecithin-based extenders have been developed and applied across different animal species (Gil et al., 2003; Fukui et al., 2008). Lecithin is believed to protect spermatozoa from cryodamage by forming a protective coating around the sperm membrane, reducing the formation of ice crystals, and replacing phospholipids lost from the sperm membrane during freezing (Emamverdi et al., 2013).
In canine semen cryopreservation, however, the use of high concentrations of lecithin (1–2%) has not demonstrated significant improvements in post-thaw sperm quality when compared with conventional egg yolk-based extenders (Axner and Lagerson, 2016; Hermansson et al., 2021). In contrast, supplementation with low concentrations of lecithin (0.04%) without Equex produced frozen–thawed sperm parameters comparable to those obtained with a Tris–egg yolk–Equex extender (Beccaglia et al., 2009). Similarly, lecithin concentrations ranging from 0.01% to 0.1% showed protective effects comparable to egg yolk in canine sperm cryopreservation (Lucio et al., 2016). Interestingly, egg yolk has also been associated with increased lipid peroxidation, which may enhance oxidative stress in frozen semen samples (Lucio et al., 2016; Dalmazzo et al., 2018). These findings suggest that lecithin may provide certain advantages over conventional egg yolk extenders. Nevertheless, studies have also reported that higher lecithin concentrations (0.05–0.1%) may negatively affect post-thaw sperm quality (Dalmazzo et al., 2018), indicating that lower concentrations of lecithin are more suitable for canine semen cryopreservation.
5.5 Skim Milk
Skim milk-based extenders represent another alternative to egg yolk-based cryoprotective media. Skim milk is lipid-free, and its primary protective component, casein micelles, helps reduce lipid loss from sperm membranes and limits the interaction between seminal plasma proteins and sperm cells (Bergeron and Manjunath, 2006; Manjunath, 2018). Compared with egg yolk-based extenders, skim milk offers several practical advantages, including simple storage requirements, lower cost, widespread availability, and ease of preparation. Studies have reported that skim milk can serve as an effective substitute for egg yolk in canine semen cryopreservation without adversely affecting in vivo fertility outcomes (Abe et al., 2008; Abe et al., 2018). Furthermore, it has been suggested that spermatozoa preserved using skim milk-based extenders may maintain fertility for longer durations than those preserved with egg yolk (Abe et al., 2018). However, additional in vitro fertility studies are required to confirm these observations.
6. Antioxidants in Semen Cryopreservation 
During cryopreservation, rapid reductions in temperature can lead to significant alterations in sperm structure and function. These changes occur mainly due to osmotic stress caused by the formation of ice crystals, which can trigger the generation of reactive oxygen species (ROS), damage to the sperm plasma membrane, and leakage of intracellular components. To minimize these detrimental effects, the inclusion of suitable cryoprotectants and antioxidants in semen extenders is essential. Several chemical compounds have been evaluated for their antioxidant potential in sperm cryopreservation and have shown beneficial effects in improving post-thaw sperm quality parameters in dogs (Table 1). In canine semen cryopreservation, antioxidants such as butylated hydroxytoluene (Sun et al., 2020; Neagu et al., 2010), taurine (Michael et al., 2007; Martins-Bessa et al., 2009), vitamin E (Michael et al., 2007; Lecewicz et al., 2018), and ascorbic acid (Michael et al., 2007; Lecewicz et al., 2018; Monteiro et al., 2009) have been widely investigated and have demonstrated comparable improvements in post-thaw sperm quality parameters. The present section focuses on comparatively less explored antioxidants and discusses their optimal concentrations and effects on sperm cryopreservation in dogs and other species (Table 1).
Table 1- Impact of Antioxidants on Canine Species
	Antioxidant 
	Species 
	Dosage
	Results

	Astaxanthin
	Canine
	1 µM 

	Protected post-thaw sperm kinematic parameters, viability, mitochondrial activity, plasma membrane, chromatin and acrosome integrity (Qamar et al 2020)

	Resveratrol
	Canine
	200 µM 

	Protected post-thaw sperm motility, viability, plasma membrane, acrosome and chromatin integrity, and mitochondrial activity (Bang et al 2021).

	Quercetin
	Canine
	5µg/mL 
	Protected post-thaw kinematic parameters and fertility (Kawasaki et al 2020).

	Myoinositol
	Canine 

	1 mg/mL
	Protected sperm motility, kinematic parameters, and membrane integrity.
Reduced chromatin damage and apoptosis (Qamar et al 2019).

	Curcumin
	Canine
	2.50mM .
	Protected post-thaw DNA integrity and oxidative defense (Aparnak and Saberivand 2019)

	Iodixanol
	Canine
	1.50%

	Protected frozen–thawed motility. Decreased capacitation, protamine deficiency, and apoptosis-like changes. Reduced mitochondrial reactive oxygen production (Abdillah et al 2019).

	Spermine
	Canine
	5.0 mM

	Protected post-thaw kinematic parameters, and membrane integrity. Decreased reactive oxygen species production, and cryocapacitation (Setyawan et al 2016)




7. Mesenchymal Stem Cells in Semen Preservation
Mesenchymal stem cells (MSCs) exert their therapeutic effects through diverse mechanisms that have been widely studied (Fan et al., 2020; Sensebé et al., 2010). These cells secrete a variety of bioactive factors involved in oxidative stress defense, apoptosis regulation, cell survival, and cellular metabolism (Doorn et al., 2012). MSCs can influence several intracellular pathways that support cell survival and proliferation, thereby enhancing resistance to stressful conditions such as cryopreservation (Chen et al., 2013; Zhou et al., 2013). Since their discovery, MSCs have been extensively characterized and applied in both experimental and clinical studies due to their regenerative and protective properties. Although the therapeutic potential of MSCs and their derivatives has been demonstrated in several biological systems, their application in assisted reproductive technologies is relatively recent and requires further investigation to fully understand their benefits (Fazeli et al., 2018; Malard et al., 2020). Recent studies have also reported the use of MSCs, their conditioned media (CM), and extracellular vesicles in reproductive biotechnology, including fertility restoration studies and sperm cryopreservation (Saadeldin et al., 2020; Qamar et al., 2020). In canine semen cryopreservation, two main types of MSCs have been investigated: adipose-derived MSCs (Ad-MSCs) and amniotic membrane-derived MSCs (AMSCs), both of which have shown promising effects in improving post-thaw sperm quality (Qamar et al., 2020; Mahiddine et al., 2020).
7.1 Effect of Ad-MSCs on viability and membrane integrity
The post-thaw live sperm percentage was significantly more in Ad-MSCs supplemented Group  (52.8 ± 0.8%) as compared to Control (43.7 ± 1.1%,). The HOS test results showed the percentage of sperm with an intact plasma membrane differed significantly between the groups supplemented with Ad-MSCs (54.6 ± 0.4%) and being statistically superior as comparison with Control (45.4 ± 0.8%). Live sperm percentage and membrane integrity were strongly and positively correlated (P < 0.01) with each other. In addition, membrane integrity was strongly and positively correlated (P < 0.01) with normal acrosome integrity, and chromatin integrity (Qamar et al., 2020).
7.2 Effect of Ad-MSCs on acrosomal integrity
The results of the post-thaw semen analysis of frozen semen indicated significantly higher sperm count with intact acrosome in Ad-MSCs supplemented Group (52.9 ± 0.5%) than Control (44.3 ± 0.7%). The acrosomal integrity was strongly but positively correlated (P < 0.01) with chromatin integrity (Qamar  et al., 2020).
7.3 Effect of Ad-MSCs on chromatin integrity
 Results of the acridine orange test showed that a significantly higher percentage (72.9 ± 0.7%) of frozen-thawed sperm in Ad-MSCs supplemented Group had normal chromatin compared with Control (65.4 ± 0.9%) (Qamar et al., 2020).
8. Conclusion
Cryopreservation of canine semen has become an essential component of modern reproductive biotechnology and dog breeding programs. The development of efficient freezing and thawing protocols has made it possible to store canine spermatozoa for extended periods while maintaining their fertilizing potential. Various cryopreservation techniques, including the Uppsala, Norwegian, CERREC, and CERCA methods, have been successfully employed to improve post-thaw sperm quality. The use of appropriate extenders and cryoprotectants is equally important in minimizing cryodamage during the freezing process. Egg yolk and its derivatives, such as egg yolk plasma and low-density lipoproteins, continue to play a significant role in protecting sperm membranes, while alternative extenders like soybean lecithin and skim milk provide promising substitutes. Furthermore, the incorporation of antioxidants and novel biological approaches such as mesenchymal stem cells has opened new possibilities for improving sperm viability and reducing oxidative stress during cryopreservation. Continued research in this field will help refine preservation techniques and enhance the success of assisted reproductive technologies in dogs.
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