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  Abstract 

Embryonic freezing plays an important role in assisted reproductive technology in 

mutton sheep. It allows ewes to undergo multiple plants during the ovarian stimu-

lation cycle. Embryo transfer improves the pregnancy rate of ewes and multiple 

pregnancy, and the programmed freezing method is widely used in clinical prac-

tice after years of clinical trials, and has become a classic embryo freezing method. 

In 1990, Gordts et al reported pregnancy because of dividing embryos from vitri-

fication frozen mutton sheep. It marks the clinical practice of vitrification preser-

vation technology. In recent years, the glass vitrification freezing technology is 

more convenient and consumes less than the traditional procedure. During the 

freezing process, it can avoid the formation of ice crystals inside and outside the 

cells, and further adopted in the stall laboratory. The findings suggest that vitrifi-

cation is more likely than procedural freezing, although embryo survival, does not 

improve implant rate, but findings have been reported. Vitrification affects not 

only embryo survival rate but also clinical pregnancy rate and implant rate. It is 

not yet known which method has an absolute advantage. The technology of em-

bryo freezing and resuscitation of mutton sheep has been continuously improved 

since the 1980s. At present, the methods are mature and the results have been sta-

ble for generations. It is a routine technology in the field of assisted mutton sheep 

reproduction, and it is also the only recognized clinical method of fertility preser-

vation at present. The technology of mutton sheep embryo freezing and resuscita-

tion has effectively solved the retention problem of the remaining mutton sheep 

embryos. This paper mainly introduces the technical principle, common methods 

and practical experience of mutton sheep embryo freezing and resuscitation. Ex-

plore its important role in fertility protection. 
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1. Principle and method of the technology of freezing and resuscitation of mutton sheep em-

bryos 

Low temperature can reduce the level of cell metabolism and inhibit the life activities of cells at ultra-low tempera-

ture can almost completely stop their metabolism, so that cells can be preserved for a long time. Mutton sheep embryos 

are stored in ultra-low temperature environment through special protection measures and cooling procedures, and then 

the metabolic ability can be restored after rewarming, so as to maintain the original biological activity of mutton sheep 

embryos and long-term preservation of mutton sheep embryos. Currently, the most commonly used ultra-low tempera-

ture environment is liquid nitrogen, and the storage temperature is-196 C. According to the speed of the freezing pro-

cess, there are mainly divided into two types: programmed slow freezing and vitrification. Programmed slow freezing 

was dehydrated from mutton sheep embryos with a low concentration of cryoprotectant gradient and slowly cooled by 

programmed cryostat. The whole freezing process took a long time, including the gradual dehydration of mutton sheep 
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embryos into the cryoprotectant with an increasing concentration gradient, placing the temperature to-7 C ice planting, 

artificially induced ice crystal formation, and then slowly cooling to-35 C~ -80 C and then put into liquid nitrogen [1]. 

The slow freezing method adopts low concentration and slow penetration, such as propylene glycol, glycerol, etc., 

which is less toxic to mutton sheep embryos, but the slow cooling speed takes a long time, and needs to buy a special 

program cooling device, which is expensive and cumbersome in operation, and is rarely used at home and abroad. Vitri-

fication is the mutton sheep embryos after high concentration of cryoprotective agent short treatment, directly into liq-

uid nitrogen, after rapid cooling, liquid inside and outside the liquid rapid cooling to low temperature can be concen-

trated and not crystallization, form a high viscosity between liquid and solid glass morphology, retained the original 

molecules inside and outside the cell and ion distribution, to avoid the crystal damage to cells, reduce the freezing 

damage. Vitrification is simple, fast and effective, and does not need freezing instruments, which has become the most 

commonly used method of cryopreservation of mutton sheep embryos. The following glass frozen thawing is an exam-

ple to illustrate the specific operation of frozen resuscitation of mutton sheep embryos. 

2. Methods of freezing and resuscitation of vitrified mutton sheep embryos 

2.1 Method of vitrification and the best stage of freezing of mutton sheep embryos 

Foundation solution: HEPES buffered HTF, supplemented with 20% human serum protein (SSS, SAGE); 1:10%, 

ethylene glycol (EG, Sigma) + 10% dimethyl sulfoxide (DMSO, Sigma); Frozen 2:20% EG + 20% DMSO + 0.3 mol / 

L sucrose. At room temperature, mutton sheep embryos were equilibrated in the base solution for 2 minutes and moved 

into freezing solution 1 for about 10 minutes. After the embryos were fully recovered, they were moved to frozen solu-

tion 2. After full washing, they were transferred to the rod film within 1 minute, and then directly put into liquid nitro-

gen for storage. The best stage of embryo freezing optimal embryo development stage is still a controversial issue re-

search shows that cleavage, blastocyst after embryo survival difference although embryo freezing in all embryo devel-

opment stage are successful and effective but most researchers think, blastocyst stage is the best stage of freezing, this is 

also the most favorable choice for patients. Because blastocysts can better predict the development of in vitro mutton 

sheep embryos can be used to identify mutton sheep embryos with delayed development or cytoplasmic fragmentation. 

This compares the aspects of embryological and clinical reproductive outcomes, Including 12 studies and found no sta-

tistical difference in the survival rate, implantation rate, clinical pregnancy rate and live birth rate between the two sys-

tems, To reduce cross-contamination and disease transmission winds from chronic cryopreservation by only allow the 

cryopreservation of qualified meat sheep embryos, The most "sensitive" period of mutton sheep embryo development is 

the first 2 to 3 days embryo cleavage stage, which is most susceptible to the influence of the culture environment. Mut-

ton sheep blastocysts have a strong ability to resist environmental influence [2]. Therefore, frozen blastocysts are rec-

ommended for patients with planned frozen embryos. 

2.2 Methods for resuscitation after vitrification 

Base solution: 20% human serum protein (SSS, SAGE); thawing solution 1:1 mol / L sucrose to the base solution; 

thawing solution 2:0.5 mol / L sucrose to the base solution; and thawing solution 3:0.25 mol / L sucrose to the base so-

lution [3]. Recovery before warming the thaw 1 to 37 C, under the body mirror directly on the mutton sheep embryos 

quickly into the thaw recovery preheating thaw 1 to 37 C, directly under the body mirror on the mutton sheep embryos 

quickly into thaw 11 minutes after the mutton sheep embryos transferred to room temperature equilibrium thaw 2, 1 

solution for 5 minutes, 5 minutes, mutton sheep embryo freeze 3, base liquid balance for 3 minutes, in the thaw 2 back 

to the original state. Finally, the thawed mutton sheep embryos were transferred into the pre-warm and balanced culture 

medium, and put into the incubator to select the mutton sheep embryos during the frozen stage in both the split embryo 

stage and the blastocyst stage, with similar recovery rate. 

At present, most fresh cycle patients in most centers in China choose to transfer split mutton sheep embryos. Mutton 

sheep blastocyst culture will reduce the number of available mutton sheep embryos, but can select better mutton sheep 

embryos with better developmental potential. Meat sheep blastocyst freezing is more likely to achieve single mutton 

sheep embryo transfer to reduce multiple pregnancies. The two kinds of freezing periods have its own advantages and 

disadvantages, so the freezing plan should be individualized according to the embryonic situation of the patient. For 

patients with a small number of available mutton sheep embryos, split mutton sheep embryos can be frozen, and a cer-

tain number of available mutton sheep embryos can be cultured in mutton sheep blastocyst and then frozen for resusci-

tation and transplantation after pregnancy failure, so as to improve the pregnancy outcome of the resuscitation cycle. 

Vitrification could significantly improve the clinical pregnancy rate in terms of the experimental pregnancy rate and 

the success rate of the mutton sheep embryo transfer, and the difference was statistically significant between the two 

groups. This suggests that freezing mutton sheep cleavage embryos by vitrification can achieve better pregnancy out-

come and planting rate. On the one hand, because of the quality of mutton sheep embryo recovery is the key factor af-

fecting the outcome of clinical pregnancy, blastomeres after freezing thaw complete recovery shows that the embryo 



Caihong Hao 

 

 

DOI: 10.26855/ijfsa.2023.06.010 240 International Journal of Food Science and Agriculture 

 

has better development potential, and part of the blastomere injury or death may affect the embryo hatching or implant 

lower embryo planting rate, visible, blastomere complete have obvious effect on clinical pregnancy rate, transplant all 

eggs Chinese eugenics and genetic journal. 

At present, most fresh cycle patients in most centers in China choose to transfer split mutton sheep embryos. Mutton 

sheep blastocyst culture will reduce the number of available mutton sheep embryos, but can select better mutton sheep 

embryos with better developmental potential. Meat sheep blastocyst freezing is more likely to achieve single mutton 

sheep embryo transfer to reduce multiple pregnancies [4]. The two kinds of freezing periods have its own advantages 

and disadvantages, so the freezing plan should be individualized according to the embryonic situation of the patient. For 

patients with a small number of available mutton sheep embryos, split mutton sheep embryos can be frozen, and a cer-

tain number of available mutton sheep embryos can be cultured in mutton sheep blastocyst and then frozen for resusci-

tation and transplantation after pregnancy failure, so as to improve the pregnancy outcome of the resuscitation cycle. 

3. Effect of embryo quality on the freezing and resuscitation effect of meat sheep embryos 

The embryo quality of mutton sheep is an important factor affecting the clinical outcome of the freeze-thaw cycle. In 

the process of freezing and resuscitation of mutton sheep embryos, some or all of the blastomeres of a few mutton sheep 

embryos may undergo irreversible damage or even death. The better the embryo quality of mutton sheep is, the stronger 

the ability to resist freezing and resuscitation injury is, and the higher the survival rate and integrity rate after frozen 

resuscitation is. The number of embryonic fragments, the degree of blastomeres, the cytosolic granulation, the presence 

and number of vacuoles all affect the resuscitation efficiency of mutton sheep embryos. However, the mode of fertiliza-

tion (IVF or ICSI) had no significant effect on the endurance of frozen resuscitation of mutton sheep embryos [5]. In 

order to ensure the resuscitation efficiency of mutton sheep embryos and reduce the cancellation rate of freezing cycle 

transplantation caused by the death of mutton sheep embryos, it is necessary to score the mutton sheep embryos before 

the freezing standard of mutton sheep embryos, and the mutton sheep embryos that reach this standard can be frozen. 

4. Effects of freezing injury on the developmental potential of mutton sheep embryos and of the 

development potential after resuscitation of human divided embryos 

Whether the mutton sheep embryos with freezing injury after freezing resuscitation have the ability to continue de-

velopment is related to the degree of injury and the freezing method. The formation of ice crystals in cells is the main 

source of embryonic death, because the penetration and exchange of cryoprotectant can avoid the formation of intracel-

lular ice and reduce refrigeration damage, and the toxicity of the cryoprotectant at normal temperature will cause dam-

age to cells [6]. Weighing ice crystal formation and the toxicity of cryoprotectants is the key for embryo recovery. The 

advantage of the glass freeze-recovery method is the use of a high concentration of cryoprotectant. The rapid cooling of 

cells forms a glass state through freezing temperature, avoiding the formation of ice crystals, but the effect of high cry-

oprotectant concentration in animal experiments on embryo recovery and development potential is getting worse. We 

have found that various combinations of cold cryoprotectants can restrict each other in their single toxic effects. Also, 

the phased use is safer than the phase 1 method [4-6]. And through the cooling rate of the frozen carrier vitrification 

process to render the embryo, the rapid formation of a critical temperature area through the ice crystals while reducing 

the contact dose is the focus of this study. Cryo leaf vector and CPS vector are widely used in clinical clinic. Frozen 

carrier, its design concept is to reduce the volume of cryoprotectant, reaching the vitrification state at a high speed. The 

results of this study show that the embryos of Cryo Leaf are intact. The recovery rate was higher than the CPS vector, 

possibly with a cold embryo cooling rate. The amount of cryoprotectant exposure is relevant. On the other hand, cryo 

leaf plus carrier optic nitrogen was used to make direct contact with embryo freezing fluid, benchmarked against CPS 

For the carrier and the liquid nitrogen gap refrigeration pipe wall, the cooling speed is accelerated. Another Cryo leaf 

vector carries about 1 l of cryoprotectant, and the CPS vector carries about 2 L of cryoprotectant, a small amount of 

cryoprotectant and easier heat conduction, enabling the embryo to quickly reach the freezing speed of the glassy state. 

velocity. However, cryo leaf has the embryo recovery rate and the CPS vector. The group difference was not statistical-

ly significant, indicating that the toxic effect of the cryoprotectant affected the frozen resuscitation integrity of individu-

al cells in the embryo. Influencing the embryonic development potential is that the continuous growth ability and im-

plantation ability after embryo resuscitation more closely reflect the effects of prolonged embryo development caused 

by the freezing process. Visual visible damage results from the freeze-thawing process. The more the number of dam-

aged cells in the mutton sheep embryo are, the lower the integrity of the mutton sheep embryo is, the less the potential 

to continue development. The effect of embryo blastomere damage caused by different freezing methods is different in 

the extent of mutton sheep embryos, and the same degree of blastomere damage, the effect of slow freezing is lower 

than vitrification freezing. 
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5. Storage time limit of frozen mutton sheep embryos 

Theoretically, in a stable liquid nitrogen environment, mutton sheep embryos can be permanently preserved, and the 

length of cryopreservation time does not affect the developmental potential of mutton sheep embryos. Data show that 

there is no significant difference in the recovery rate, implantation rate, abortion rate, live birth rate and the develop-

ment rate of infants after birth from 1 month to 3 years. The survival of frozen mutton sheep embryos that have been 

preserved for a longer time needs to be further studied. It is currently believed that the preservation of frozen mutton 

sheep embryos for 10 years will not affect the developmental ability of mutton sheep embryos after resuscitation. In the 

actual preservation work of frozen mutton sheep embryos, attention should be paid to ensure the stability of liquid ni-

trogen environment to maximize the survival ability of mutton sheep embryos. 

6. Significance of cryoprotection of fertility in vitrized mutton sheep embryos 

Cryopreservation holds animal embryos at extremely low temperatures (liquid nitrogen-196℃, liquid helium-269℃). 

At ultra-low temperature of mutton sheep embryos, its metabolism almost completely temporarily stop, thus can 

achieve the purpose of long-term preservation embryo freezing technology is solid in different regional communication, 

establish good varieties of embryo library, promote embryo transfer in animal husbandry production and mutton sheep 

species protection application and promotion, and sex identification, the basis of nuclear transfer embryo engineering 

technology. Compared to the usual program refrigeration technology, vitrizing simplifies the operation steps and sud-

denly shortening the freezing time without requiring expensive program coolers. 

Do not consume large amounts of liquid nitrogen. In vitrification, protect protection. Only reasonable, can effectively 

obtain the success rate. 

Project source 

Key Project of Qiqihar Science and Technology Plan (ZDTG-202201). 
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