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Abstract 

Germplasm cryopreservation is an important ex situ conservation programme 
to preserve the important animal genetic resources for future use. 
Cryopreservation processes used for mammalian cells include slow freezing 
and vitrification with recent shift towards vitrification especially in case of 
oocytes and embryos as it produces less damage to the oocytes and embryos 
than slow freezing. Vitrification of oocytes has almost become a standard 
approach for cryopreservation of female gametes due to numerous efforts like 
development of novel cryodevice such as OPS or Cryotop which resulted in 
increasing cooling and warming rates thereby cryosurvival and blastocyst 
yields of vitrified oocytes. Now attempts are focused on the qualitative 
improvement of oocytes prior to the vitrification in order to increase their 
revivability to acceptable levels, to overcome the high sensitivity of oocytes to 
cryopreservation and to improve blastocyst yield and pregnancy rate. This 
article is an overview of immature oocytes vitrification and its various aspects 
as a tool for long term preservation of female germplasm. 

Keywords: Female Germplasm, Immature Oocytes, Preservation, 
Vitrification 

http://www.ijlr.org/
mailto:drsofi.vet54321@gmail.com
https://dx.doi.org/10.5455/ijlr.20210120063441
https://dx.doi.org/10.5455/ijlr.20210120063441
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Available @ http://ijlr.org/issue/vol-11-8-pp-1-10/ 

2 

  

 

International Journal of Livestock Research 

Introduction 

Cryopreservation is the use of very low temperatures to preserve structurally intact living cells and tissues for a long 

period of time (Pegg, 2007). Depending on the cell types or given cells among different mammalian species, there 

is great diversity in cryobiological response and cryosurvival during the freezing and thawing cycle (Gao and 

Critser, 2000). Germplasm cryopreservation is considered an important ex situ conservation programme to preserve 

the important animal genetic resources for future use. Germplasm cryopreservation has become an indispensable 

rescue strategy to preserve biodiversity and to facilitate the natural processes of evolution to continue in case of 

threatened species and natural disasters especially when in vitro embryo production by in vitro maturation (IVM) 

and in vitro fertilization (IVF) using immature oocytes and frozen-thawed spermatozoa has become a routine 

practice (Wright et al., 1976; Wright. 1977). Cryopreservation processes used for mammalian cells include slow 

freezing and vitrification with recent shift towards vitrification especially in case of oocytes and embryo 

cryopreservation as it produces less damage to the oocytes and embryos than slow freezing (Kuleshova and Lopata, 

2002). The major steps involved in cryopreservation process of cells include mixing of cryoprotective agents (CPAs) 

with cells or tissues before cooling, cooling of the cells or tissues to a low temperature and its storage and finally 

warming of the cells or tissues and removal of CPAs from the cells or tissues (Gao et al., 2016). However, the 

appropriate use of CPAs is important to improve the viability of the sample to be cryopreserved. 

Vitrification process which is actually transformation of a substance into a non-crystalline amorphous solid involves 

rapid cooling of a liquid so that it passes through the glass transition to form a vitrified solid. In vitrification process, 

there is dehydration of cells like oocytes or embryos by exposing briefly to a concentrated solution of 

cryoprotectants before the samples are plunged directly into liquid nitrogen. By the end of the 1990s, vitrification 

was applied to human embryos achieving live births with both blastocyst and cleavage stage embryos (Hsieh et al., 

1999; Yokota et al., 2000) but still the vitrification of oocytes was lagging because of lack of appropriate carriers. 

However, the introduction of Cryotop in Japan as a suitable carrier for oocytes marked the breakthrough that lead 

to the adoption of vitrification of oocytes into routine clinical practice. It allowed for an extremely rapid cooling 

rate that was facilitated by a minimal volume and resulted in a very high survival rate and live births (Katayama et 

al., 2003; Kuwayama et al., 2005; Kyono et al., 2005). Presently, different cryoprotectants like ethylene glycol 

(EG), glycerol (GLY), dimethylsulfoxide (DMSO), propylene glycol and 1,2-propanediol (PROH) have been used 

in different combinations for vitrification of mammalian oocytes. Vitrification focuses on the total elimination of 

ice crystal formation in both the extra- and intracellular solutions and this goal is usually achieved by transferring 

the oocytes to a solution with a relatively high concentration of cryoprotectants, as well as by using extremely high 

cooling and warming rates and by using small (<1 ml) solution volumes that are exposed directly to liquid nitrogen. 

The small volume also prevents heterogeneous ice crystal formation, and the high cooling and warming rate at 

relatively high temperatures decreases chilling injuries. To attain high cooling rates, some devices and methods have 

been designed to reduce the volume of vitrification solutions, such as electron microscope grids (EMG), cryotop, 

cryoloop, solid surface, nylon mesh, cryoleaf, open pulled straw (OPS), closed pulled straw (CPS) and flexipet-

denuding pipette etc. 

Immature Oocyte Preservation 

Cryopreservation of gametes and embryos has become an integral part of assisted reproduction technologies (ART). 

Embryo cryopreservation has also become a routine practice in clinical ART and has resulted in delivery of many 

healthy babies (Loutradi et al., 2008). However, embryo cryopreservation has some drawbacks; it requires the 

availability of male partner to produce those embryos, in addition, embryo cryopreservation is prohibited due to 

ethical, legal and religious implications in some countries (Chian et al., 2009). Cryopreservation of unfertilized 

oocytes is an alternative option, giving flexibility during in vitro fertilization (IVF) and a potential to establish 

oocyte banking with oocyte donation (Nagy et al., 2009; Noyes et al., 2010; Noyes et al., 2011; Cobo et al., 2017). 

Oocyte cryopreservation is important for the establishment and maintenance of genetic banks of female animal 

genetic resources of importance for future use.  Cryopreservation of oocytes through vitrification is widely practiced 

owing to its uncomplicated procedure, higher survivability of oocytes and embryos and yielding higher pregnancy 

rates (Garcia-Velasco et al., 2013). The majority of successful assisted pregnancies to date have involved frozen 

and subsequently thawed mature oocytes that were collected after ovarian stimulation or in vitro maturation. 

Recently, numerous studies have been conducted to cryopreserve GV-oocytes in many mammalian species (Vieira 

et al., 2002; Somfai et al., 2007; Vieira et al., 2008; Moawad  et al., 2011; Moawad  et al., 2012; Moawad  et al., 

2013b; Kim et al., 2014; Moawad  et al., 2017) and reportedly produced live births in humans and animals (Tucker 
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et al., 1998; Aono et al., 2005, Vieira  et al., 2008), although the blastocyst development rate remains low (Moawad  

et al., 2013b; Moawad  et al., 2017; Argyle et al., 2016).  Vitrification of oocytes at metaphase II (MII) stage can 

disrupt the meiotic spindle (Gomes et al., 2008) which could be avoided by freezing of oocytes at the germinal 

vesicle (GV) stages in which chromosomes are inactive, and the complete barrel-shaped spindle has not formed yet 

(Cooper et al., 1998; Isachenko and Nayudu, 1999). Immature oocytes are arrested in the diplotene stage of prophase 

I with diffuse chromosomes surrounded by a nuclear membrane and hence, reduces the risk of polyploidy and 

aneuploidy (Cooper et al., 1998; Isachenko et al., 1999). Immature oocytes are with homogenous lipid droplets that 

show little change following cooling. Communication between cumulus cells and the GV-stage oocytes by 

intercellular coupling via gap junctions may be sensitive to osmotic stress, so it is important to maintain the 

functional integrity of the cumulus cells after vitrification and warming to obtain cytoplasmically matured oocytes 

following IVM process. Thus, freezing of oocytes at GV stage has many clinical advantages in human and animal 

reproduction (Brambillasca et al., 2013; Moawad et al., 2011; Moawad et al., 2013a; Moawad et al., 2013b). 

However, germinal vesicle stage oocyte freezing is reported to impair subsequent development up to the blastocyst 

stage following maturation and fertilization after thawing (Toth et al., 1994; Son et al., 1996). Vajta et al. (1998) 

reported that 25% of bovine GV oocytes vitrified-warmed using OPS system could develop into the blastocyst stage 

on Day 8 but it is highly significant only when the high revivability of post-warm GV oocytes in the OPS system is 

reproducible, (Vieira et al., 2002). Abe et al. (2005) reported that 8% of bovine oocytes vitrified-warmed on nylon-

mesh holder as a cryodevice developed into blastocysts when they were exposed to EG + Ficoll + sucrose-based 

solution in a stepwise manner with a live calf after transfer. Difficulties still exist with in vitro maturation (IVM) of 

GV stage oocytes after freezing and thawing procedures. No standard IVM protocol for GV-oocytes has yet been 

established in humans and in some animal species (Shahedi et al., 2013; El-Shalofy et al., 2017). Further, the 

sensitivity of oocytes membranes to ice-crystal formation, and that of the cytoskeleton fibers to low temperatures 

and cryoprotectants, is frequently associated with substantially reduced viability of frozen-thawed oocytes (Liu et 

al., 2003) but survival may be increased after vitrification or ultrarapid freezing because high cooling rates 

circumvent the chilling sensitivity of this cell type (Martino et al., 1996)  as vitrification can effectively prevent 

intercellular ice-crystal formation and decrease chilling injury (Kuleshova and Lopata, 2002). Therefore, further 

study in detail is needed to enhance the developmental potential of vitrified GV oocytes after thawing in order to 

achieve good clinical results.  

High Cryosensitivity of Oocytes 

Cryopreservation of immature oocytes at the GV stage is considered a subject for challenging endeavour. The size 

of oocytes is much larger with a small surface to volume ratio than the sperm and even the blastomeres of an early 

embryo (Chen et al., 2003) which leads to difficulty in achieving dehydration and penetration of CPA during 

cryopreservation process. Furthermore, movement of water and CPAs is affected partially due to the lack of 

aquaporin expression and difference in the plasma membranes of oocytes from those of embryos (Jin et al., 2011). 

There is a rise of intracellular free calcium during fertilization, which makes the ionic strength and membrane 

potential of the plasma membrane (Gook et al., 1993). Although cell viability and functional state may be preserved 

for long terms (Mazur, 1970) at very low sub-zero temperature but some physical stresses can damage cells at the 

various sub-zero temperatures. Intracellular ice formation is a major factor to cause cell damage and hence various 

approaches like increasing concentration of cryoprotectants in combination, reducing volume and increasing cooling 

rate in an attempt to avoid cell damages (Saragusty and Arav, 2011). Increasing the concentration of CPA lead to 

osmotic injury and toxicity and incidence of cryo-injuries depends on various factors like size and shape of the cell, 

the permeability of the cell membranes, and the quality of the cells and even species, developmental stage, and 

origin (Vajta and Kuwayama, 2006). Although, there are reports of offspring born from various species using frozen-

thawed oocytes but the embryo development rate is still low following cryopreservation procedures due to 

susceptibility of oocytes to damage during cooling and/or freezing and subsequent thawing, fracture damage in zona 

pellucida during cryopreservation procedures  and damage to intercellular communication via gap junctions between 

cumulus cells and the oocytes (Fuku et al., 1995; Hochi et al., 1996; Lane et al., 1999). In addition, there is zona 

hardening due to premature release of cortical granules, spindle disorganization and loss or clumping of 

microtubules resulting in low fertilization rates of cryopreserved oocytes (Carrol et al., 1990; Aman and Parks, 

1994; Fuku et al., 1995). Further, there is transient rise of intracellular free calcium following exposure of mature 

oocytes to CPA and/or chilling procedure preventing the sperm entry into the oocytes (Morato et al., 2008; Rojas et 

al., 2004; Succu et al., 2007; Pereira and Marques, 2008). Further, damage to the meiotic spindle, actin filaments, 

chromosomal dispersal and microtubule depolymerization and multiple aster formation in vitrified-warmed oocytes 

(Massip, 2003; Ogawa et al., 2010; Hara et al. 2012) may be related to loss of ooplasmic function responsible for 
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normal microtubule assembly and ultimately decrease in developmental competence of vitrified-warmed oocytes.  

Duration of Oocyte Storage 

Oocytes stored at the temperature of LN2 (−196ºC) at which the biological activities of cells are stopped completely 

are supposed to be relatively safe without any obvious undesirable biological and metabolic changes in the ooplasm. 

So far, most studies regarding quality of embryos cryostored at−196ºC indicated that the quality of embryos is not 

influenced by the duration during cryostorage (Whittingham et al., 1977; Glenister et al., 1984; Glenister et al., 

1986). However, reports on oocyte cryopreservation are of a relatively short duration in LN2 before warming. 

Results of live birth rates of human oocytes stored in LN2 by a slow freezing method with a plastic straw revealed 

that oocytes can be safely cryopreserved for several years, (Parmegian et al., 2009) with a recent report of a live 

twin birth after IVF of oocytes cryopreserved for almost 12 years (Quintans et al., 2012). Still evidence provided 

do not lend support for the practice of oocytes cryobanking requiring a long duration of cryostorage (Coticchio et 

al., 2005) as cryosurvival, fertilization rate and embryonic development of the vitrified mouse oocytes has been 

found affected significantly, in an adverse manner, by the cryo-storage duration in LN2 (Yan et al., 2011). Further, 

many important photo-physical events or chemical synthesis occur to produce some form of hazards in LN2 (McGee 

and Martin, 1962). Formation of free radicals, production of breaks in macromolecules and oxides of nitrogen in 

LN2, which enhances the yield of ozone by a catalytic effect (Brereton, 1988; Gregory and Nuttall, 1995) are a 

source of damage at such low temperatures ozone production may deleterious damage DNA and cause DNA breaks 

since an enzymatic repair cannot occur in LN2 (Rice, 1960). So, effect of cryo-storage duration on subsequent 

oocytes survival, fertilization as well as pregnancy rates after warming needs further study in order to draw any 

conclusion. 

Recent Improvement of Oocyte Cryosurvival 

Regarding oocytes vitrification, it appears that the recent focus has been shifted from modifying the CPA 

composition, the cryodevice, or the CPA addition/dilution process in the vitrification to procedures like delipidation 

and chemical treatments/supplementation of oocytes prior to vitrification, during the recovery culture and during 

IVM after vitrification. Partial removal of cytoplasmic lipid droplets partially in bovine oocytes (Otoi et al., 1997) 

significantly inhibited polyspermic penetration in vitrified-warmed oocytes (blastocyst yield; 11% versus 7% in 

non-centrifuged control). L-Carnitine, an active form of carnitine, can enhance lipid metabolism in animal cells and 

play an important role in the transportation of fatty acids from the cytoplasm to the mitochondria for 𝛽-oxidation 

(Kerner et al., 2007). Hence, L-carnitine can enhance ATP production in animal cells (Vanella et al., 2000) and 

stimulate mitochondrial metabolism during maturation as previously reported in mouse oocytes (Dunning et al., 

2010). Supplementation of L-carnitine into IVM medium for cytoplasmic lipid droplets rich porcine oocytes reduced 

the amount of the lipid droplets and changed their distribution from the cortex to the medulla of oocyte cytoplasm 

(Somfai et al., 2011) increased cryotolerance and developmental competence of bovine embryos cultured in L-

carnitine supplemented medium (Takahashi et al., 2013). Researchers (Chankitisakul, et al., 2013; Phongnimitr et 

al., 2013) described the effect of L-carnitine supplementation into IVM medium for bovine oocytes on their 

cryotolerance. Chankitisakul et al. (2013) showed that bovine oocytes matured in the presence of L-carnitine 

(0.6mg/ml) had higher developmental potential to blastocyst stage 8 days after vitrification and IVF when compared 

to those matured in the absence of the L-carnitine (34% versus 20%, fresh control; 44%). Glutathione plays an 

important role in protecting cells against the destructive effects of reactive oxygen species (ROS) and GSH levels 

of IVM oocytes are lower when compared with those of ovulated oocytes, as reported in some species (Brad et al., 

2003; Rodrıguez-Gonzalez et al., 2003; Kim et al., 2007; Ge et al., 2008). Supplementation of 𝛽-mercaptoethanol 

and cysteamine into IVM medium can increase intracellular GSH level, IVM rate and the developmental potential 

of the bovine oocytes (de Matos et al., 1996; Sofi et al., 2011). Oocyte vitrification procedure increase apoptosis of 

embryonic stem cells results in a decrease of developmental competence (Morato et al., 2010; Li et al., 2012). 

Inhibition of the Rho-associated coiled-coil kinase (ROCK), a downstream target of the small GTP-binding protein 

Rho (Matsui et al., 1996) has been found involved in decrease of apoptosis in embryonic stem cell derived neural 

cells (Koyanagi et al., 2009) and the revivability of in vitro produced bovine blastocysts after vitrification and 

warming (Hochi et al., 2010; Hwang et al., 2013). Interestingly, the supplementation of 𝛼-tocopherol, not ascorbic 

acid, to the recovery culture medium resulted in a significantly higher blastocyst yield from the post warm oocytes 

as 37% versus 26% in the post warm control oocytes (fresh control; 53%) (unpublished data of I. Yashiro and S. 

Hochi). Antifreeze proteins (AFPs) and antifreeze glycoproteins (AFGPs), collectively referred to as AF(G)Ps, have 

ice-binding affinities and can kinetically suppress the temperature for ice-crystal formation, thus preventing 
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mechanical cell damage caused by ice regrowth (Jia and Davies, 2002). Antifreeze protein supplementation of the 

vitrification medium has a protective effect on immature oocytes, promoting their resistance to chilling injury, may 

preserve spindle forming ability and membrane integrity at GV stage (Jo et al., 2012). Recently, improved survival 

rates have been reported in animal models using modified vitrification procedures, particularly those involving the 

use of AFPs-supplemented freezing and thawing solutions (Makarevich et al., 2010). Antifreeze glycoprotein-8 

(AFGP8) supplementation during vitrification effectively protected bovine MII-stage oocytes against chilling 

injury, as well as improves their cryosurvival and subsequent embryonic development (Liang et al., 2016). 

Supplementation of AFGP8 during vitrification resulted in significantly higher rates of normal spindle organization 

and chromosome alignment, actin filament impairment, and mitochondrial distribution (Liang et al., 2016). 

Natural honey is a mixture of sugars along with traces of other bioactive substances such as organic acids, enzymes, 

antioxidants and vitamins. Presence of variety of amino acids like glycine and alanine help cell membrane from 

freezing by stabilizing phospholipids (Anchordoguy et al., 1988). Natural honey has antimicrobial (antiviral, 

antibacterial and antifungal), antioxidant, antitoxin, anti-inflammatory, antimutagenic, anticancer and 

immunosuppressive properties (Pulcini et al., 2004). Addition of glutamine, one of the amino acids in honey, to 

vitrification solution improved the maturation ability of vitrified-warmed immature bovine oocytes (Yamada et al., 

2011) and natural honey has been recently used as a non-permeating CP to dehydrate bovine oocytes for vitrification 

(Alfoteisy et al., 2020). Addition of 10 mM caffeine during the last 6 h of IVM failed to restore the spindle integrities 

and subsequent development of vitrified/warmed oocytes at the germinal vesicle stage (Moawad et al., 2018). 

Cytoplasmic maturation of oocytes manifested by spindle assembly, chromosomal alignment, mitochondrial 

distribution and blastocyst development following in vitro fertilization was significantly improved on addition of 

glycine in either vitrification/thawing or maturation medium (Cao et al., 2016). Arcarons et al. (2017) observed that 

CLC (cholesterol-loaded methyl-β-cyclodextrin) pre-treatment before the vitrification of bovine GV or in 

vitro matured oocytes does not appear to affect subsequent cleavage and embryo development rates. Synthetic ice 

blockers like SupercoolX-1000 have been used in vitrification medium to improve cryosurvival and developmental 

rates of oocytes in mice (Fahy et al., 2004) and horses (de Leon et al., 2012). Supplementation of SupercoolX-1000 

in vitrification medium for immature porcine oocytes improved the ability of surviving oocytes to cleave but not to 

develop into blastocysts (Santose et al., 2017). Above studies thus demonstrate that high rates of oocyte survival 

can be achieved after vitrification of oocytes even at the GV stage by careful optimization of a cryoprotectant 

treatment (CPA) regimen (Somfai et al., 2015). 

Conclusion 

Vitrification of oocytes has almost become a standard approach for cryopreservation of female gametes due to 

numerous efforts like development of novel cryodevice such as OPS or Cryotop which resulted in increasing cooling 

and warming rates thereby cryosurvival and blastocyst yields of vitrified oocytes. Now attempts are focused on the 

qualitative improvement of oocytes prior to the vitrification and the short-term recovery culture of vitrified-warmed 

oocytes by supplementation like L-carnitine, ROCK inhibitor, cysteamine, caffeine etc. prior to the subsequent IVF. 

In addition, chemical treatment of oocytes before or after the vitrification protocol can make it possible to increase 

their revivability to acceptable levels. Further improvements of the vitrification procedure, combined with pre- and 

post-vitrification treatment/supplementation may help to overcome the high sensitivity of oocytes to 

cryopreservation and to improve blastocyst yield and pregnancy rate. Such knowledge will be essential for 

optimization of the current vitrification protocol in order to minimize cryoinjuries during vitrification of immature 

oocytes and to identify the reasons for reduced developmental competence to the blastocyst stage in surviving and 

cleaved oocytes. 

Acknowledgments 

The authors thank and acknowledge SERB-DST India for funding the project on vitrification of oocytes which 

facilitated the preparation of this manuscript. 

Conflict of Interests  

There is no conflict of interest. 

 



Available @ http://ijlr.org/issue/vol-11-8-pp-1-10/ 

6 

  

 

International Journal of Livestock Research 

Publisher Disclaimer 

IJLR remains neutral concerning jurisdictional claims in published institutional affiliation. 

References 

1. Abe, Y., Hara, K., and Matsumoto, H., Kobayashi, J., Sasada, H. and Ekwall, H. (2005). Feasibility of a nylon 

mesh holder for vitrification of bovine germinal vesicle oocytes in subsequent production of viable blastocysts. 

Biology of Reproduction, 72, 1416-1420. 

2. Alfoteisy, B., Singh, J. and Anzar, M. (2020). Natural honey acts as a non-permeating cryoprotectant for 

promoting bovine oocyte vitrification. PLoS ONE, 15(9), e0238573. 

3. Aman and Parks, J.E. (1994). Effects of cooling and rewarming on the meiotic spindle and chromosomes of in 

vitro-matured bovine oocytes. Biology of Reproduction, 50,103-110. 

4. Anchordoguy, T., Carpenter, J.F., Loomis, S.H. and Crowe, J.H. (1988). Mechanisms of interaction of amino 

acids with phospholipid bilayers during freezing. Biochimica et Biophysica Acta- Biomembranes, 946, 299-

306. 

5. Aono, N., Abe,Y., Hara, K., Sasada, H., Sato, E. and Yoshida, H. (2005). Production of live offspring from 

mouse germinal vesicle-stage oocytes vitrified by a modified stepwise method, SWEID. Fertility and Sterility, 

84, 1078-1082.  

6. Arcarons, N., Morató, R., Vendrell, M., Yeste, M., López-Bejar, M. and Rajapaksha, K. (2017). Cholesterol 

added prior to vitrification on the cryotolerance of immature and in vitro matured bovine oocytes. PLOS One, 

12(9), e0184714.  

7. Argyle, C.E., Harper, J.C. and Davies, M.C. (2016). Oocyte cryopreservation: where are we now? Human 

Reproduction Update, 22(4), 440–9. 

8. Brad, C.L., Bormann, J.E., Swain, J.E., Durkin, R.E., Johnson, A.E., Clifford, A.L. and Krisher, R.L. (2003). 

Glutathione and adenosine triphosphate content of in vivo and in vitro matured porcine oocytes. Molecular 

Reproduction and Development, 64 (4), 492-498. 

9. Brambillasca, F., Guglielmo, M.C., Coticchio, G., Mignini Renzini, M., Dal Canto, M., Fadini, R. (2013). The 

current challenges to efficient immature oocyte cryopreservation. Journal of Assisted 

Reproduction and Genetics, 30(12), 1531-9.  

10. Brereton, S.J. (1988). Explosion hazard in liquid nitrogen cooled fusion systems. Conference: 8 topical meeting 

on technology of fusion energy, Salt Lake City, UT, USA; OSTI ID: 6547562; EGG-M-88256; CONF-

881031–55; AC07-76ID01570. 107. 

11. Cao, X.Y., Rose, J., Wang, S.Y., Liu, Y., Zhao, M., Xing, M.J., Chang, T. and Xu, B. (2016). Glycine increases 

preimplantation development of mouse oocytes following vitrification at the germinal vesicle stage. Scientific 

Reports, 6, 37262. DOI: 10.1038/srep37262. 

12. Carroll, H., Depypere and Matthews, C.D. (1990). Freeze-thaw induced changes of the zona pellucida explains 

decreased rates of fertilization in frozen-thawed mouse oocytes. Journal of Reproduction and Fertility, 90, 

547-553. 

13. Chankitisakul, V., Somfai, T., Inaba, Y., Techakumphu, M. and Nagai, T. (2013). Supplementation of 

maturation medium with L-carnitine improves cryo-tolerance of bovine in vitro matured oocytes. 

Theriogenology, 79, 590-598. 

14. Chen, S.U., Lien, Y. R., Chao, K. H., Ho, H. N., Yang, Y.S.  and Lee, T.Y. (2003). Effects of cryopreservation 

on meiotic spindles of oocytes and its dynamics after thawing: clinical implications in oocyte freezing—a 

review article. Molecular and Cellular Endocrinology, 202, 101-107. 

15. Chian, R.C., Gilbert, L., Huang, J.Y., Demirtas, E., Holzer, H., Benjamin, A., Bucket, W.M., Tulandi, T. and 

Tan, S.L. (2009). Live birth after vitrification of in vitro matured human oocytes. Fertility and Sterility, 91(2), 

372-376.  

16. Cobo, A., Coello, A., Remohi, J., Serrano, J., Santos J.M. and Meseguer, M. (2017). Effect of oocytes 

vitrification on embryo quality: time-lapse analysis and morphokinetic evaluation. Fertility and Sterility, 

108(3), 491-497. 

17. Cooper, A., Paynter, S.J., Fuller, B.J. and Shaw, R.W. (1998). Differential effects of cryopreservation on 

nuclear or cytoplasmic maturation in vitro in immature mouse oocytes from stimulated ovaries. Human 

Reproduction, 13, 971-978. 

18. Coticchio, G., Bonu, M.A., Bianchi, V., Flamigni, C. and Borini, A. (2005). Criteria to assess human oocyte 

quality after cryopreservation. Reproductive Biomedicine Online, 11, 421-427. 



Sofi et al., 2021 

7 

 

 

International Journal of Livestock Research 

19. De Leon, P.M.M., Campos, V.F., Corcini, C.D., Santos, E.C.S., Rambo, G., Lucia, T. Jr., Deschamps, J.C. and 

collares, T. (2012). Cryopreservation of immature equine oocytes, comparing a solid surface vitrification 

process with open pulled straws and the use of a synthetic ice blocker. Theriogenology, 77, 21-27. 

20. De Matos, D.G., Furnus, C.C., Moses, D.F., Martinez, A.G. and Matkovic, M. (1996). Stimulation of 

glutathione synthesis of in vitro matured bovine oocytes and its effect on embryo development and freezability. 

Molecular Reproduction and Development, 45, 451-457. 

21. Dunning, K.R., Cashman, K., Russell, D.L., Thompson, J.G., Norman, R.J. and Robker, R.L. (2010). Beta 

oxidation is essential for mouse oocyte developmental competence and early embryo development. Biology of 

Reproduction, 83, 909-918. 

22. El-Shalofy, A.S., Moawad, A.R., Darwish, G.M., Ismail, S.T., Badawy, A. B. and Badr, M.R. (2017). Effect 

of different vitrification solutions and cryodevices on viability and subsequent development of buffalo oocytes 

vitrified at the germinal vesicle (GV) stage. Cryobiology, 74, 86-92.  

23. Fahy, G.M., Wowk, B., Wu, J. and Paynter, S. 2004. Improved vitrification solutions based on the predictability 

of vitrification solution toxicity. Cryobiology, 48, 22-35. 

24. Fuku, E., Xia, L. and Downey, B.R. (1995). Ultrastructural changes in bovine oocytes cryopreserved by 

vitrification. Cryobiology, 32, 139-156. 

25. Gao, D. and Critser, J.K. (2000). Mechanisms of cryoinjury in living cells. Institute of Laboratory Animal 

Resources Journal, 41, 187-96. 

26. Gao, H.H., Li, Z.P., Wang, H.P., Zhang, L.F. and Zhang, J.M. (2016). Cryopreservation of whole bovine 

ovaries: comparisons of different thawing protocols. The European 

Journal of Obstetrics & Gynecology and Reproductive Biology, 204, 104-7. 

27. Garcia-Velasco, J.A., Domingo, J., Cobo, A, Martínez, M., Carmona, L. and Pellicer, A. (2013). Five years’ 

experience using oocyte vitrification to preserve fertility for medical and nonmedical indications. Fertility and 

Sterility, 99, 1994-1999. 

28. Ge, L., Sui, H.S., Lan, G.C., Liu, N., Wang, J.Z. and Tan, J.H. (2008). Coculture with cumulus cells improves 

maturation of mouse oocytes denuded of the cumulus oophorus: observations of nuclear and cytoplasmic 

events. Fertility and Sterility, 90, 2376-2388. 

29. Glenister, P.H. and Lyon, M.F. (1986). Long-term storage of eight-cell mouse embryos at - 196 degrees C. 

Journal of In Vitro Ferilization and Embryo Transfer, 3, 20-7. 

30. Glenister, P.H., Whittingham, D.G. and Lyon, M.F. (1984). Further studies on the effect of radiation during 

the storage of frozen 8-cell mouse embryos at −196 degrees C. Journal of Reproduction and Fertility, 70, 229-

234. 

31. Gomes, C.M., Silva, C.A., Acevedo, N., Baracat, E., Serafini, P. and Smith, G.D. (2008). Influence of 

vitrification on mouse metaphase II oocyte spindle dynamics and chromatin alignment. Fertility and Sterility, 

90, 1396-404.  

32. Gook, D.A., Osborn, S.M. and Johnston, W.I.H. (1993). Cryopreservation of mouse and human oocytes using 

1, 2-propanediol and the configuration of the meiotic spindle. Human Reproduction, 8, 1101-1109. 

33. Gregory, C.R. and Nuttall, C.W. (1995). Explosion risks in cryogenic liquids 803 exposed to ionising radation. 

CERN Libriaries, Geneva (CERN AT95–96-DI), 1-12. 

34. Hara,H., Hwang, I. S.,  Kagawa, N.,  Kuwayama, M., Hirabayashi, M. and Hochi, S. (2012). High incidence 

of multiple aster formation in vitrified-warmed bovine oocytes after in vitro fertilization. Theriogenology, 77: 

908-915. 

35. Hochi, S., Abdalla, H., Hara, H., Shimoda, M., Morita, H., Kuwayama, M. and Hirabayasha, M. (2010). 

Stimulatory effect of Rho associated coiled-coil kinase (ROCK) inhibitor on revivability of in vitro-produced 

bovine blastocysts after vitrification. Theriogenology, 73, 1139-1145. 

36. Hochi,S., Kozawa, M.,  Fujimoto, T.,  Hondo, E., Yamada, J. and  Oguri, N. (1996). In vitro maturation and 

transmission electron microscopic observation of horse oocytes after vitrification. Cryobiology, 33, 300-310. 

37. Hsieh, Y.Y., Tsai, H.D., Chang, C.C., Lo, H.Y. and Lai, A.C. (1999). Ultrarapid cryopreservation of human 

embryos: experience with 1,582 embryos. Fertility and Sterility, 72(2), 253-6. 

38. Hwang, I.S., Hara, H., Chung, H.J., Hirabayashi, M. and Hochi, S. (2013). Rescue of vitrified-warmed bovine 

oocytes with rho associated coiled-coil kinase inhibitor. Biology of Reproduction, 89, 26. 

39. Isachenko, E.F. and Nayudu, P.L. (1999). Vitrification of mouse germinal vesicle oocytes: effect of treatment 

temperature and egg yolk on chromatin and spindle normality and cumulus integrity. Human Reproduction, 

14, 400-408. 

40. Jia, Z. and Davies, P.L. (2002). Antifreeze proteins: an unusual receptor–ligand interaction. 

Trends in Biochemical Sciences, 27, 101-6. 



Available @ http://ijlr.org/issue/vol-11-8-pp-1-10/ 

8 

  

 

International Journal of Livestock Research 

41. Jin, B., Kawai, Y., Hara, T., Takeda, S., Seki, S., Nakata, Y., Matsukawa, K., Koshimoto, C., Kasai, M. and 

Edashige. K. (2011). Pathway for the movement of water and cryoprotectants in bovine oocytes and embryos. 

Biology of Reproduction, 85, 834-847. 

42. Jo, J.W., Jee, B.C., Suh, C.S. and Kim, S.H. (2012). The beneficial effects of antifreeze proteins in the 

vitrification of immature mouse oocytes. PLoS One, 7, e37043. 

43. Katayama, K.P., Stehlik, J., Kuwayama, M., Kato, O. and Stehlik, E. (2003). High survival rate of vitrified 

human oocytes results in clinical pregnancy. Fertility and Sterility, 80(1), 223-4. 

44. Kerner, J., Minkler, P.E., Lesnefsky, E.J. and Hoppel, C.L. (2007). Fatty acid chain-elongation in perfused rat 

heart: synthesis of stearoylcarnitine from perfused palmitate. The FEBS Letters, 581, 4491-4494. 

45. Kim, S.S., Olsen, R., Kim, D.D. and Albertini, D.F. (2014). The impact of vitrification on immature oocyte 

cell cycle and cytoskeletal integrity in a rat model. Journal of Assisted Reproduction and Genetics, 31(6), 739-

747.  

46. Kim, M.K., Hossein, M. S., Oh, H. J., Fibrianto, H.Y., Jang, G., Kim, H. J and Hong, S.G. (2007). Glutathione 

content of in vivo and in vitro matured canine oocytes collected from different reproductive stages. Journal of 

Veterinary Medical Science. 69, 627-632. 

47. Koyanagi, M., Takahashi, J., Arakawa, Y., Doi, D., Fukuda, H., Hayashi, H., Narumiya, S. and Hashimoto, N. 

(2009). Inhibition of the Rho/ROCK pathway reduces apoptosis during transplantation of embryonic stem cell-

derived neural precursors. Journal of Neuroscience Research, 86 (2), 270-280. 

48. Kuleshova, L.L. and Lopata, A. (2002). Vitrification can be more favorable than slow cooling. Fertility and 

Sterility, 78(3), 449-54.  

49. Kuwayama, M., Vajta, G., Kato, O. and Leibo, S.P. (2005). Highly efficient vitrification method for 

cryopreservation of human oocytes. Reproductive Biomedicine Online, 11(3), 300-8. 

50. Kyono, K., Fuchinoue, K., Yagi, A., Nakajo, Y., Yamashita, A. and Kumagai, S. (2005). Successful pregnancy 

and delivery after transfer of a single blastocyst derived from a vitrified mature human oocyte. Fertility and 

Sterility, 84(4), 1017. 

51. Lane, M., Schoolcraft, W. B., Gardner, D. K. and Phil, D.(1999).Vitrification of mouse and human blastocysts 

using a novel cryoloop container-less technique. Fertility and Sterility, 72, 1073-1078. 

52. Li, L., Zhang, X., Zhao, L., Xia, X. and Wang, W. (2012). Comparison of DNA apoptosis in mouse and human 

blastocysts after vitrification and slow freezing. Molecular Reproduction and Development, 79, 229-236. 

53. Liang, S., Yuan, B., Kwon, J., Ahn, M., Cui, X., Bang, J.K. and Kim, N. (2016). Effect of antifreeze 

glycoprotein 8 supplementation during vitrification on the developmental competence of bovine oocytes. 

Theriogenology, 86, 485-494. 

54. Liu, R.H., Sun, Q.Y., Li, Y.H., Jiao, L.H. and Wang, W.H. (2003). Effects of cooling on meiotic spindle 

structure and chromosome alignment within in vitro matured porcine oocytes. Molecular Reproduction and 

Development, 65, 212-8. 

55. Loutradi, K.E., Kolibianakis, E.M., Venetis, C.A., Papanikolaou, E.G., Pados, G., Bontis, I. and Tarlatzis, B.C. 

(2008). Cryopreservation of human embryos by vitrification or slow freezing: a systematic review and meta-

analysis. Fertility and Sterility, 90(1), 186-93. 

56. Makarevich, A., Kubovicova, E., Popelková, M., Fabian, D., Cikos, S. and Pivko, J. (2010). Several aspects of 

animal embryo cryopreservation: antifreeze protein (AFP) as a potential cryoprotectant. Zygote, 18, 145. 

57. Martino, A., Songsasen, N. and Leibo, S.P. (1996). Development into blastocysts of bovine oocytes 

cryopreserved by ultra-rapid cooling. Biology of Reproduction, 54, 1059-1069. 

58. Massip, A. (2003). Cryopreservation of bovine oocytes: current status and recent developments. Reproduction 

Nutrition Development, 43, 325-330. 

59. Matsui, T., Amano, M. and Yamamoto, T. (1996). Rho-associated kinase, a novel serine/threonine kinase, as 

a putative target for the small GTP binding protein Rho. The EMBO Journal, 15, 2208-2216. 

60. Mazur, P. (1970). Cryobiology: the freezing of biological systems. Science, 168 (3934): 939-949. 

61.  McGee Jr., H.A. and Martin, W.J. (1962). Cryochemistry. Cryogenic, 2, 1-11. 

62. Moawad, A.R., Fisher, P., Zhu, J., Choi, I., Polgar, Z. and Dinnyes. A. (2012). In vitro fertilization of ovine 

oocytes vitrified by solid surface vitrification at germinal vesicle stage. Cryobiology, 65(2), 139-44.  

63. Moawad, A.R., Tan, S.L. and Taketo T. (2017). Beneficial effects of glutathione supplementation during 

vitrification of mouse oocytes at the germinal vesicle stage on their preimplantation development following 

maturation and fertilization in vitro. Cryobiology, 76, 98-103.  

64. Moawad, A.R., Tan, S.L., Xu, B., Chen, H.Y. and Taketo, T. (2013a). L-carnitine supplementation during 

vitrification of mouse oocytes at the germinal vesicle stage improves preimplantation development following 

maturation and fertilization in vitro. Biology of Reproduction, 88(4), 104. 



Sofi et al., 2021 

9 

 

 

International Journal of Livestock Research 

65. Moawad, A.R., Zhu, J., Choi, I., Amarnath, D., Chen, W. and Campbell, K.H. (2013b). Production of good 

quality blastocyst embryos following IVF of ovine oocytes vitrified at the germinal vesicle stage using a 

cryoloop. Reproduction, Fertility and Development, 25(8), 1204-15.  

66. Moawad, A.R., Choi, I., Zhu, J. and Campbell, K.H. (2011).Ovine oocytes vitrified at germinal vesicle stage 

as cytoplast recipients for somatic cell nuclear transfer (SCNT). Cell Reprogram, 13(4), 289-96.  

67. Morato, R., Izquierdo, D., Paramio, M.T. and Mogas, T. (2010). Survival and apoptosis rates after vitrification 

in cryotop devices of in vitro-produced calf and cow blastocysts at different developmental stages. 

Reproduction, Fertility and Development, 22, 1141-1147. 

68. Morato, R., Izquierdo, D., Albarrac, J.L., Anguita, B., Palomo, M.J., Jimenez-macedo, A.R. and Paramio, M.T. 

(2008). Effects of pretreating in vitro-matured bovine oocytes with the cytoskeleton stabilizing agent taxol 

prior to vitrification. Molecular Reproduction and Development, 75, 191-201. 

69. Nagy, Z.P., Chang, C.C., Shapiro, D.B., Bernal, D.P., Kort, H.I. and Vajta, G. (2009). The efficacy and safety 

of human oocyte vitrification. Seminars in Reproductive Medicine, 27(6), 450-5.  

70. Noyes, N., Knopman, J., Labella, P., McCaffrey, C., Clark-Williams, M. and Grifo, J. (2010). Oocyte 

cryopreservation outcomes including pre-cryopreservation and post-thaw meiotic spindle evaluation following 

slow cooling and vitrification of human oocytes. Fertility and Sterility, 94(6), 2078-82.  

71. Noyes, N., Knopman, J.M., Melzer, K., Fino, M.E., Friedman, B. and Westphal, L.M. (2011). Oocyte 

cryopreservation as a fertility preservation measure for cancer patients. Reproductive Biomedicine Online, 

23(3), 323-33 

72. Ogawa, B., Ueno, S., Nakayama, N., Matsunari, H., Nakano, K., Fujiwara, T., Ikezawa, Y. and Nagashima, H. 

(2010). Developmental ability of porcine in vitro matured oocytes at the meiosis II stage after vitrification. 

Journal of Reproduction and Development, 56, 356-361. 

73. Otoi, T., Yamamoto, K., Koyama, N., Tachikawa, S., Murakami, M., Kikkawa, Y. and Suzuki, T. (1997). 

Cryopreservation of mature bovine oocytes following centrifugation treatment. Cryobiology, 34, 36-41. 

74. Parmegiani, L., Garello, C., Granella, F., Guidette, D., Bernardi, S., Cognigni, G.E., Revelli, A. and Filicori, 

M. (2009). Long-term cryostorage does not adversely affect the outcome of oocyte thawing cycles. 

Reproductive Biomedicine Online, 19, 374-9. 

75. Pegg, D.E. (2007). Principles of cryopreservation. Methods in Molecular Biology, 368, 39-57. 

76. Pereira, R.M. and Marques, C.C. (2008). Animal oocyte and embryo cryopreservation. Cell and Tissue 

Banking, 9, 267- 277. 

77. Phongnimitr, T., Liang, Y., Srirattana, K., Punyawai, K., Sripunya, N. and Treetampinich, C. (2013). Effect of 

L-carnitine on maturation, cryo-tolerance and embryo developmental competence of bovine oocytes. Animal 

Science Journal, 84, 719-725. 

78. Pulcini, P., Piazza, M.G. and Allegrini, F. (2004). Total gluconic acid (AGT) content in Italian unifloral honeys. 

Industrie Alimentari, 43, 263-268. 

79. Quintans, C.J., Donaldson, M.J., Urquiza, M.F., Carretero, I., Pasqualini, R.A., Horton, M. and Pasqualini, 

R.S. (2012). Live birth of twins after IVF of oocytes that were cryopreserved almost 12 years before. 

Reproductive Biomedicine Online, 25, 600-2. 

80. Rice, F.O. (1960). History of radical trapping. In: Bass AM, Broida HP, editors. Formation and trapping of free 

radicals. New York: Academic, 7. 

81. Rodrıguez-Gonzalez, E. Lopez-Bejar, M., Mertens, M.J. and Paramio, M. T. (2003). Effects on in vitro embryo 

development and intracellular glutathione content of the presence of thiol compounds during maturation of 

prepubertal goat oocytes. Molecular Reproduction and Development, 65, 446-453. 

82. Rojas. C., Palomo, M.J., Albarracın, J.L. and Mogas, T. (2004). Vitrification of immature and in vitro matured 

pig oocytes: study of distribution of chromosomes, microtubules, and actin microfilaments. Cryobiology, 49, 

211-220. 

83. Santos, E.C.S., Somfai, T., Appeltant, R., Dang-Nguyen, T.Q., Noguchi, J. Kaneko, H. and Kikuchi, K. (2017). 

Effects of polyethylene glycol and a synthetic ice blocker during vitrification of immature porcine oocytes on 

survival and subsequent embryo development. Animal Science Journal, 88, 1042-1048 

84. Saragusty, J. and Arav, A. (2011). Current progress in oocyte and embryo cryopreservation by slow freezing 

and vitrification. Reproduction, 141, 1-19. 

85. Shahedi, A., Hosseini, A., Khalili, M.A., Norouzian, M., Salehi, M. and Piriaei, A. (2013). The effect of 

vitrification on ultra-structure of human in vitro matured germinal vesicle oocytes. The European 

Journal of Obstetrics & Gynecology and Reproductive Biology, 167(1), 69-75.  

86. Sofi, K.A., Khan, M.Z., Islam, R. and Lone, F. A. (2011). Effect of cysteamine and epidermal growth factor 

supplementation on the in vitro maturation rate of ovine oocytes. Small Ruminant Research, 96, 191-194. 



Available @ http://ijlr.org/issue/vol-11-8-pp-1-10/ 

10 

  

 

International Journal of Livestock Research 

87. Somfai, T., Men, N.T., Junko, N., Kaneko, H., Kashiwazaki, N. and Kikuchi, K. (2015). Optimization of 

cryoprotectant treatment for the vitrification of immature cumulus-enclosed porcine oocytes: comparison of 

sugars, combinations of permeating cryoprotectants and equilibration regimens. The Journal of Reproduction 

and Development, 61, 571-579. 

88. Somfai, T., Ozawa, M., Noguchi, J., Kaneko, H., Kuriani Karja, N.W. and Farhudin, M. (2007). Developmental 

competence of in vitro-fertilized porcine oocytes after in vitro maturation and solid surface vitrification: effect 

of cryopreservation on oocyte antioxidative system and cell cycle stage. Cryobiology, 55(2), 115-26.  

89. Somfai, T., Kaneda, M. and Akagi, S. (2011). Enhancement of lipid metabolism with L-carnitine during in 

vitro maturation improves nuclear maturation and cleavage ability of follicular porcine oocytes. Reproduction, 

Fertility and Development, 23, 912-920. 

90. Son, W.Y., Park, S.E., Lee, K.A., Lee, W.S., Ko, J.J., Yoon, T.K. and Cha, K.Y. (1996). Effects of 1,2- 

propanediol and freezing-thawing on the in vitro developmental capacity of human immature oocytes. Fertility 

and Sterility, 66, 995-999. 

91. Succu, S., Leoni, G.G., Bebbere, D., Berlinguer, F., Mossa, F., Bogliola, L., Madeddu, M., Ledda, S. and 

Naitana, S. (2007). Vitrification devices affect structural and molecular status of in vitro matured ovine oocytes. 

Molecular Reproduction and Development, 74, 1337-1344. 

92. Takahashi, T., Inaba, Y., Somfai, T., Kaneda, M., Geshi, M., Nagai, T. and Manabi, N. (2013). 

Supplementation of culture medium with L-carnitine improves development and cryotolerance of bovine 

embryos produced in vitro. Reproduction, Fertility and Development, 25, 589-599. 

93. Toth, T.L., Baka, S.G., Veeck, L.L., Jones, H.W. Jr., Muasher, S. and Lanzendorf, S.E. (1994). Fertilization 

and in vitro development of cryopreserved human prophase I oocytes. Fertility and Sterility, 61, 891-894. 

94. Tucker, M.J., Wright, G., Morton, P.C. and Massey, J.B. (1998). Birth after cryopreservation of immature 

oocytes with subsequent in vitro maturation. Fertility and Sterility, 70(3), 578-9. 

95. Vajta, G. and Kuwayama, M. (2006). Improving cryopreservation systems. Theriogenology, 65, 236-244. 

96. Vajta, G., Holm, M., Booth, P.J., Jacobsen, H., Greve, T. and Callesen, H. (1998). Open pulled straw (OPS) 

vitrification: a new way to reduce cryoinjuries of bovine ova and embryos. Molecular 

Reproduction and Development, 5, 53-58. 

97. Vanella, A., Russo, A., Acquaviva, R. Campisi, A., Di Giacomo, C., Sorrenti, V. and Barcellona, M.L. (2000). 

L-Propionyl-carnitine as superoxide scavenger, antioxidant, and DNA cleavage protector. Cell Biology and 

Toxicology, 16 (2), 99-104. 

98. Vieira, A.D., Forell, F., Feltrin, C. and Rodrigues, J.L. (2008). Calves born after direct transfer of vitrified 

bovine in vitro-produced blastocysts derived from vitrified immature oocytes. 

Journal Reproduction in Domestic Animals, 43(3), 314-8.  

99. Vieira, A.D., Mezzalira, A., Barbieri, D.P., Lehmkuhl, R.C., Rubin, M.I. and Vajta, G. (2002). Calves born 

after open  pulled straw vitrification of immature bovine oocytes. Cryobiology, 45(1), 91-4. 

100. Whittingham, D.G., Lyon, M.F. and Glenister, P.H. (1977). Long-term storage of mouse embryos at –196 

degrees C: the effect of background radiation. Genetics Research, 29, 171–81. 

101. Wright, J.R. (1977). Successful culture in vitro of swine embryos to the blastocyst stage. Journal of Animal 

Science, 44, 854-858. 

102. Wright, J.R., Anderson, G. B., Cupps, P. T.  and Drost, M. (1976). Successful culture in vitro of bovine embryos 

to the blastocyst stage. Biology of Reproduction, 14, 157-162. 

103. Yamada, C., Feitosa, W.B., Simões, R., Nicacio, A.C., Mendes, C.M. and Assumpção, M. (2011). Vitrification 

with glutamine improves maturation rate of vitrified / warmed immature bovine oocytes. Reproduction in 

Domestic Animals, 46, 173-176. 

104. Yan, J., Suzuki, J., Yu, X.M., Qiao, J., Kan, F.W.K. and Chian, R.C. (2011). Effects of duration of cryo-storage 

of mouse oocytes on cryo-survival, fertilization and embryonic development following vitrification. The 

Journal of Assisted Reproduction and Genetics, 28, 643-9. 

105. Yokota, Y., Sato, S., Yokota, M., Ishikawa, Y., Makita, M., Asada, T. and Araki, Y. (2000). Successful 

pregnancy following blastocyst vitrification: case report. Human Reproduction, 15(8), 1802-3. 

****************** 


