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Abstract 

Cryopreservation of ovarian tissues is becoming an important option for 
fertility preservation because of its availability and the storage of many 
immature oocytes besides minimizing the delay needed for freezing mature 
oocytes or embryos. Ovarian tissue cryopreservation followed by auto-
transplantation is a promising method for fertility preservation undergoing 
gonadotoxic treatment and could also be useful for patients suffering from 
progressive ovarian dysfunction. Ovarian tissue cryopreservation also has the 
advantage of storing many immature oocytes inside early follicles. Therefore, 
Cryopreservation of ovarian tissue has a great potential for preserving genetic 
diversity, conserving individuals, breeds, or species and adding fundamental 
knowledge on reproductive biology. The present review presents various 
aspects of ovarian cortical tissue preservation through vitrification. 
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Introduction 

Over the course of the last few decades many hundreds of exotic species and domestic animal breeds have been lost 

(FAO, 2009; IUCN, 2010). It is crucial to develop and apply rescue strategies at an earliest to animals threatened 

with extinction in order to ensure their survival for the future (Wildt, 2000). Cryopreservation of primordial follicles 

enclosed within the ovary which are the main source of female gametes is one option as a safeguard measure for 

conservation of female germplasm (Cleary et al., 2001). Cryopreservation of primordial follicles offers certain 

advantages compared to mature oocytes as these are more resistant to cryoinjury and facilitates penetration of 

cryoprotectants thereby reducing sensitivity to low temperature. Further, oocytes within the primordial follicles are 

less cryosensitive due to relatively inactive metabolism, lack of meiotic spindle, zona pellucida and cortical granules 

in the oocytes. These oocytes within the follicles as of now can be cryopreserved in the form of whole ovary, ovarian 

cortical tissue and isolated follicles using slow freezing or vitrification method of cryopreservation. After 

cryopreservation, fertilizable oocytes can be harvested from preserved material following in vitro culture or 

transplantation. As we know that there are thousands to millions of primordial follicles in the ovarian cortex which 

can remain viable even several hours following death of animal (Silva et al., 2000), which can be therefore collected 

and cryopreserved for future xenotransplantation (Paris et al., 2004) or in vitro cultured (Amorim et al., 2003a) to 

obtain mature fertilizable oocytes. Thus, preservation of female gametes in the form of whole ovary, ovarian cortical 

tissue or isolated follicles could be used to enlarge the gene pool (Donnez et al., 2006). Currently, ovarian tissues 

cryopreservation is being considered as an important option for fertility preservation because of its various 

advantages like availability and the storage of a large number of immature oocytes in ovarian cortical tissue, 

reducing the time needed for freezing of mature oocytes or embryos (Loren et al., 2013). For patients undergoing 

gonadotoxic treatments, a promising method for fertility preservation is ovarian tissue cryopreservation followed 

by auto-transplantation (Andersen et al., 2012; Gamzatova et al., 2014). This procedure could also be useful for 

patients suffering from progressive ovarian dysfunction as ovarian tissue cryopreservation is suitable by preserving 

their immature oocytes in early ovarian follicles. Following ovarian transplantation and follicle growth, early 

follicles could develop into pre-ovulatory follicles to allow the generation of mature eggs for fertility treatment. 

Cryopreservation of ovarian tissues allows sufficient time for histological analyses to evaluate the presence of 

residual follicles in preserved ovarian tissue before opting for transplantation procedure. Although vitrification is 

now tried as an alternative technique for preservation of ovarian tissues but till now most studies on cryopreservation 

of ovarian tissue have been performed using conventional freezing procedures. With respect to ovarian tissue 

cryopreservation, cortical fragments are preferred for cryopreservation because of better post warm survival and 

due to dense fibrous structure of large mammalian ovaries making cryoprotectant perfusion of the whole organ 

difficult (Gosden et al., 1994; Baird et al., 2004; Bordes et al., 2005). 

Ovarian Tissue Vitrification 

Study of ovarian vitrification procedures have mainly been done using murine ovarian tissue due to sponge-like 

structure rich in pores (Candy et al., 1997; Harp et al., 1994), which facilitates CPA (Cryoprotective agents) 

permeation, decreasing the CPA exposure period, and increases cooling and warming rates. These characteristics 

probably make vitrification methods very successful in murine ovarian tissue. All studies on vitrification of sheep 

ovarian tissue (Baudot et al., 2007; Bordes et al., 2005; Courbiere et al., 2006, 2009b) have been carried out by 

Salle’s team having extensive experience in cryopreservation and transplantation of ovine ovaries (Massardier et 

al., 2010; Salle et al., 1998, 1999, 2002). Vitrification of whole sheep ovaries has been tried as a model for humans 

(Baudot et al., 2007; Courbiere et al., 2006, 2009b) following live births obtained with vitrification of half ovaries 

(Bordes et al., 2005). In general, vitrification of ovarian tissue from other animal species has produced promising 

results. After in-vitro culture, preantral follicles from vitrified monkey ovarian tissue developed similarly to follicles 

from frozen–thawed ovarian tissue (Yeoman et al., 2005). In dogs (Ishijima et al., 2006), rats (Kagabu and Umezu, 

2000; Sugimoto et al., 2000), hamsters, monkeys and rabbits (Kagabu and Umezu, 2000), vitrified follicles were 

able to develop after xenografting and auto grafting of bovine preantral follicles after vitrification of ovarian tissue 

also showed follicular development, indicating that such a procedure does not appear to affect follicles compared 

with fresh ovarian tissue (Kagawa et al., 2009). 

Ovarian tissue cryopreservation studies in bovine, caprine and ovine due to their similarities in size, fibrotic tissue 

structure and folliculogenesis length to humans have become important experimental models for human, (Baird et 

al., 2004; Gandolfi et al., 2006; Santos et al., 2009). However, most studies on ovarian tissue cryopreservation have 

been performed in sheep and live births were obtained with auto transplanted frozen ovarian cortical pieces (Gosden 
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et al., 1994; Baird et al., 2004), frozen ovarian hemi-cortex (Salle et al., 2003) and vitrified ovarian hemi-cortex 

(Bordes et al., 2005) with long-term ovarian function up to 2 years also reported (Salle et al., 2003; Baird et al., 

2004). Cryopreservation of ovarian cortical fragments in sheep yielded metaphase II oocytes after in vitro culture 

of follicles isolated from tissue after freezing (Cecconi et al., 2004) or after IVM (in vitro maturation) of COCs 

(cumulus oocyte complexes) recovered from tissue after vitrification (Al-Aghbari and Menino, 2002). Recovery of 

gonadal function and complete follicular development resulted in cryopreserved caprine ovarian tissue after 

autotransplantation (Santos et al., 2009) and survival of follicles after vitrification and in vitro culture (Santos et al., 

2007a). In cows, follicular morphology and viability of ovarian tissue was preserved after slow freezing (Lucci et 

al., 2004; Celestino et al., 2008) or vitrification (Gandolfi et al., 2006). Similar results were reported after 

vitrification and subsequent allotransplantation of the ovarian tissue (Kagawa et al., 2009). 

Sample Size 

 The size of ovarian tissue pieces also plays an important role in the success of the vitrification procedure as longer 

equilibration period is required to allow penetration of the vitrification solution to the inner parts of the tissue when 

large fragments are used for vitrification. This longer equilibration period as required in large fragments lead to 

overexposure of surface cells to CPA, thereby results in injuries caused by the toxicity of high CPA concentrations. 

Thus, cell survival is very likely higher in smaller ovarian fragments and would allow faster cooling rates, which 

are necessary to decrease the likelihood of chilling injury during the critical temperature zone that ranges from 15 

to 5°C (Liebermann et al., 2002). When samples are plunged into liquid nitrogen, there is extensive evaporation on 

their surface, which creates a vapour coat around them, isolate the samples from the liquid nitrogen and lead to 

decrease in cooling rate (Liebermann et al., 2002; Vajta, 2007). Therefore, the size of tissue fragments to be 

preserved through vitrification can be reduced in order to minimize the duration of vapour coat formation and hence 

increasing the cooling rate. Probably taking into account the importance of sample size, all studies on vitrification 

of ovarian tissue from humans and animals have used small fragments of less than 10 mm2 with thickness of less 

than 1mm (Gandolfi et al 2006; Ishijima et al 2006; Kagawa et al., 2009; Amorim et al., 2012; Lunardi et al., 2012; 

Tian et al., 2015). The only exception were studies in sheep by Salle’s group, which aimed to vitrify half (Bordes 

et al., 2005) and whole ovaries (Baudot et al., 2007; Courbiere et al., 2005, 2006, 2009b; Lornage et al., 2006). The 

results were very promising after vitrification of half ovaries, with the birth of lambs (Bordes et al., 2005) and 

recovery of ovarian endocrine function (Courbiere et al., 2009b). However, when whole ovaries were vitrified, the 

authors reported ice formation (Baudot et al., 2007), a lower percentage of viable follicles (Lornage et al., 2006), 

poor follicular survival rates after vitrification and grafting and a high incidence of pedicle thrombosis (Courbiere 

et al., 2009b). Recovery of normal blood flow and endocrine function has been reported after auto transplantation 

of slow frozen (Bedaiwy et al., 2003; Arav et al., 2005; Imhof et al., 2006) or vitrified (Courbière et al., 2009) 

whole ovaries in sheep. Production of 8-cell embryo after parthenogenetic activation of oocytes retrieved from the 

slow frozen and grafted ovary (Arav et al., 2005) and even live births after conventional freezing and transplantation 

of whole ovaries have been reported in sheep (Imhof et al., 2006) and rats (Wang et al., 2002). In addition, 

differently from the short lifespan of the grafted ovarian fragment, recently Arav et al. (2010) have reported the 

long-term ovarian function (6 years) of frozen–thawed and auto transplanted ovine whole ovary, from which 

follicular development was obtained, followed by oocyte harvesting and in vitro maturation. 

Vitrification Solutions  

The vitrification solutions used currently usually consist of a combination of permeable cryoprotectants like 

ethylene glycol, DMSO (Dimethyl Sulphoxide), polyvinylpyrollidone and a non-permeable cryoprotectant like 

sucrose, trehalose in various concentrations. Various approaches like using combination of permeable 

cryoprotectants were used as a consequence of the high concentrations required for vitrification thereby reducing 

their toxic and osmotic damage. In addition, various other permeable components including propylene glycol, 

acetamide, glycerol were tested in various combinations (Dela Pena et al., 2001; Kasai and Mukaida, 2004), with 

currently the most acknowledged choice as mixture of ethylene glycol (EG) and DMSO (Ishimori et al., 1992a, b) 

because of less toxic effects of each cryoprotectant and higher permeability of the mixture than that of the individual 

components (Vicente and Garcia-Ximenez, 1994). Similarly, mono- and disaccharides including sucrose, trehalose, 

glucose and galactose are the primary candidates as non-permeable cryoprotectants (Kasai, 1997; Wright et al., 

2004) with sucrose being the most common choice although it was for a long time challenged by trehalose. However, 

it is interesting to observe that most protocols yielding successful results use solutions containing a mixture of 

DMSO and EG (Huang et al., 2008; Kagawa et al., 2009; Keros et al., 2009; Wang et al., 2008; Xiao et al., 2010; 
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Zhou et al., 2010). 

Table 1: Vitrification of ovaries using different sample sizes in different species  

Species Ovarian tissue Reference 

Rat                  Whole ovary       Sugimoto et al., 1996 

Sheep 

 

Half ovary Bordes et al., 2005 

 

Whole ovary Torre et al., 2012. 

Ovarian fragments (3x3x1: 9mm3) Lunardi et al., 2012. 

Dog  1mm3; 3mm3; 5mm3 Ishijima et al., 2006 

Pig & Cow       1.0 mm3 Gandolfi et al., 2006 

Cow 10mm× 10mm ×1mm Kagawa et al., 2009; Faheem et al., 2011 

Humans 

  

Ovarian fragments (1x1-2x5-8 mm) Keros et al., 2009. 

1mm3 cortical tissue Zhou et al., 2010 

2-3 mm3cortical tissue Xiao et al., 2010 

Ovarian fragments (0.25 cm) Oktem et al., 2011 

Ovarian fragments (1.0x1.0x1.0mm) Amorim et al., 2012 

Ovarian fragments (1–1.5 mm3) Salehnia et al., 2012 

1.4-5.2mm wide & 0.4-1.2mm thick Tian et al., 2015 

Cat Ovarian fragments (2.0x1.0x0.2mm) Martins et al., 2018 

Prolonged exposure and overdose of commonly used cryoprotectants for ovarian tissue vitrification like DMSO and 

ethylene glycol can cause cytotoxicity and impair the viability of tissue. However, cryotoxicity of cell is determined 

by the concentration of vitrification solution used, time and temperature of exposure with lower temperatures 

requiring longer time of exposure which in turn would increase the likelihood of osmotic injury (Newton et al., 

1998). According to Pegg (2005), it is probably less harmful for tissues to raise the temperature of the vitrification 

solution to allow faster penetration of cryoprotectant solution than lowering the temperature and increasing the 

duration of contact of tissues with the cryoprotectant solution. Some studies tested exposure time and concentration 

of cryoprotective agents, but there is no standard regimen to serve as reference for the validation. So far studies 

have shown that combined use of cryoprotectants and antifreeze polymers may decrease the toxicity and maintains 

the quality of cryopreservation in ovaries (Silva et al., 2021) 

Carrier Systems  

Different carrier systems such as plastic straws (Amorim et al., 2011; Isachenko et al., 2002; Nagano et al., 2007; 

Rahimi et al., 2009), copper grids (Choi et al., 2007a,b; Isachenko et al., 2003), cryovials (Hemadi et al., 2009; 

Isachenko et al., 2006), handcut straws (Keros et al., 2009), metal strips (Kagawa et al., 2009), cryotops (Bao et al., 

2010; Kagawa et al., 2007; Moniruzzaman et al., 2009; Trapphoff et al., 2010), glass tubes (Sugimoto et al., 1996, 

2000), needles (Wang et al., 2008; Xiao et al., 2010) and cryosupport (Hashimoto et al., 2010) have been applied 

in ovarian tissue vitrification in order to decrease the volume of vitrification solution so that extremely high cooling 

and warming rates are achieved. However, most of the carriers’ devices are made of non-conductive materials (e.g., 

plastic) with thick walls and large working dimensions which may negatively affect the cooling rate. Some authors 

have therefore applied alternative carrier less systems, such as solid surface vitrification (SSV: Santos et al., 2007; 

Huang et al., 2008; Amorim et al., 2011) and minimum drop size (MDS: Yeoman et al., 2005; Wang et al., 2008; 

Rahimi et al., 2010; Amorim et al., 2011). Santos et al. (2007) reported higher follicular viability with a carrier less 

system (SSV) compared a carrier approach (plastic straw) in vitrified caprine ovarian tissue. Similarly, Amorim et 

al. (2011) reported that a carrier less system (MDS) offered better results than plastic straws to vitrify human ovarian 

tissue. Percentage of morphologically normal primordial follicles was found similar using needles or MDS for 

human ovarian tissue vitrification, although ultra-structurally, preantral follicles and ovarian stroma were better 

preserved when needles were used (Wang et al., 2008). The amount of vitrification solution around the tissue in the 

carrier less system might have decreased the cooling rate due to the formation of a nitrogen vapour coat. One can 

also summarize that the superior results obtained with the needle procedure were due to a lower concentration of 

CPA in the vitrification solution. Before plunging into liquid nitrogen, the vitrification solution is removed from the 

ovarian tissue using absorbent gauze, minimizing its thermal mass and hence reducing vapour coat formation. 
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Furthermore, use of a support to keep the tissue immersed in the liquid nitrogen prevents it from floating, which 

would also reduce formation of a vapour coat and increase the cooling rate. Based on the SSV system, Lindemans 

et al. (2004) developed the cryological vitrification method (CVM) in which tissue is first vitrified in the metal box 

and then inserted into a straw with an in-built sealant before plunging into liquid nitrogen and was also tested by 

Aerts et al. (2008) to vitrify mouse ovarian tissue. This CVM avoids contact between ovarian tissue and liquid 

nitrogen during and after vitrification. Indeed, when different carrier systems to vitrify human ovarian tissue were 

analyzed, a significant difference in follicular morphology was observed after incubation compared with fresh 

ovarian tissue (Amorim et al., 2011). Similarly, Zhou et al. (2010) demonstrated the advantages of using direct 

cover vitrification developed by Chen et al. (2006) to cryopreserve human ovarian tissue. This technique has the 

benefit of requiring a lower concentration of CPA than other vitrification solutions, a higher percentage of 

morphologically and ultra-structurally normal follicles after 24 days of xenografting compared to a minimum 

droplet-size method and a lower incidence of apoptotic cells in direct cover vitrification. 

Advantages and Challenges of Ovarian Tissue Cryopreservation 

Cryopreservation of ovarian tissue offers many advantages over mature oocytes or embryos to preserve the female 

germline of endangered animals. Firstly, the ovary contains a large pool of oocytes enclosed in primordial follicles. 

Secondly, ovarian tissue can be collected from animals at almost all developmental age (adult, prepubertal and 

foetus) and status (alive or dead) (Cleary et al., 2001). Thirdly, primordial follicles are more resistant to cryodamage, 

because their oocytes have a relatively inactive metabolism, lack of metaphase spindle, zona pellucida and cortical 

granules, and low amounts of lipids (Hovatta, 2005). In addition, larger tissues are very likely to be subjected to 

non-uniform cooling, which can cause fractures, with devastating consequences for whole organs. Indeed, Courbiere 

et al. (2005) observed pedicle fracture in whole ovaries after vitrification. Such mechanical destruction of the tissue 

may preclude organ transplantation. Finally, it can also be difficult to warm vitrified organs rapidly enough to avoid 

devitrification (Taylor et al., 2004). Therefore, vitrification of whole ovaries or large pieces of tissue (half ovaries) 

remains a considerable challenge. Also, it would be prudent to have an incubation period, as proposed by Hovatta 

et al. (1996) and Keros et al. (2009), before fixing or preparing the tissue for further analysis, because it would 

probably allow the detection of changes in organelles after cryopreservation. 

Conclusion 

It seems inevitable that many species and breeds will be extinct soon. For this reason, it is necessary to consider 

how it would be possible to take advantage of additional ‘emerging tools’ in the reproductive sciences. Somatic 

tissue from endangered species and breeds has already been stored in tissue banks. Mammalian ovarian tissue 

contains a large pool of follicle-enclosed oocytes, thus providing a rich potential source of female gametes. 

Cryopreservation of ovarian tissue, in the form of whole ovary, ovarian cortical pieces or isolated follicles, followed 

by xenotransplantation or in vitro culture, will certainly play a direct role in preserving genetic diversity, conserving 

individuals, breeds or species, as well as be used for adding fundamental knowledge on reproductive biology. These 

techniques are highly complex and their efficacy is still very limited. The biological diversity of the ovarian tissue 

among species is the most challenging obstacle, requiring the development of species-specific protocols. New 

cryopreservation techniques such as cryopreservation of whole ovaries and isolated follicles are being currently 

developed. Different standardized cryopreservation protocols need to be developed and evaluated with the aim of 

applying them to related species. 
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