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THAWING FLUID, PREPARATION METHOD THEREFOR AND USE THEREOF 

 

The present application claims the priority to Patent Application No. 2019102824210 entitled 

"THAWING FLUID FOR CRYOPRESERVATION AND METHOD FOR THAWING", and 

Patent Application No. 2019102824155 entitled "USE OF THAWING FLUID IN THAWING 5 

CRYOPRESERVED OOCYTES OR EMBRYOS" filed with the China National Intellectual 

Property Administration on April 9, 2019. These two prior applications are herein incorporated by 

reference in their entirety. 

 

TECHNICAL FIELD 10 

The present invention relates to the technical field of biomedical materials, and particularly to a 

thawing solution for cryopreservation and a method for thawing. 

 

BACKGROUND 

Cryopreservation is to store a biological material at an ultra-low temperature to slow down or stop 15 

cell metabolism and division, and to continue development once normal physiological temperature 

is recovered. Since its advent, this technology has become one of indispensable research methods 

in the field of natural science, and has been widely adopted. In recent years, with the increasing 

pressure of life, human fertility tends to decline year by year, and thus fertility preservation is more 

and more emphasized. The cryopreservation of human germ cells (sperms and oocytes), gonad 20 

tissues and the like has become an important means of fertility preservation. In addition, as the 

world population ages, the need for cryopreservation of donated human cells, tissues or organs 

that can be used for regenerative medicine and organ transplantation is growing fast. Therefore, 

how to efficiently cryopreserve precious cells, tissues and organ resources for future needs has 

become a scientific and technical problem to be solved urgently. 25 

At present, the most commonly used cryopreservation method is vitrification. During the thawing 

process, attention needs to be paid to the prevention of freeze-thaw damage such as ice crystals, 

cold shock, solute effect, breaking damage, recrystallization and osmotic shock. Based on the 

consideration of improving the survival rate of resuscitated embryos and oocytes, the freezing and 

thawing scheme is generally as follows: by a rapid thawing process, blastulas or oocytes with high 30 

osmotic pressure are thawed in culture media containing a certain concentration gradient of a 

cryoprotectant, thus gradually reducing the difference of osmotic pressures inside and outside the 

cells, decreasing the speed of change in the cell volume and preventing the damages in cells or 
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embryos during the thawing process. Most of thawing reagents widely used in clinic practice at 

present comprise sucrose, serum and buffer as main ingredients. However, such thawing solutions 

cannot effectively control the growth and recrystallization of ice crystals during the thawing 

process, resulting in the damages in cells. In addition, existing thawing solutions have the problems 

such as short shelf-life and risks of parasitic biological contaminants, due to unspecified 5 

composition and easy deterioration of serum. 

 

SUMMARY 

In order to overcome the aforementioned drawbacks of the prior art, the present invention provides 

a thawing solution for cryopreservation and a method for thawing. 10 

The present invention is implemented by the following technical solutions: 

A thawing solution, comprising, per 100 mL: 0.1–50 g of a biomimetic ice growth inhibition 

material, 0–1.0 mol L-1 of a water-soluble saccharide and the balance of a buffer, wherein, the 

biomimetic ice growth inhibition material is an ice growth inhibition material with an ice-philic 

group and a hydrophilic group. 15 

According to the present invention, the hydrophilic group is a functional group capable of forming 

a non-covalent interaction with a water molecule, for example, forming a hydrogen bond, a van 

der Waals interaction, an electrostatic interaction, a hydrophobic interaction or a π-π interaction 

with water; illustratively, the hydrophilic group may be selected from at least one of hydroxyl (-

OH), amino (-NH2), carboxyl (-COOH) and acylamino (-CONH2), or from a compound molecule, 20 

such as proline (L-Pro), arginine (L-Arg), lysine (L-Lys), histidine (L-His) and glycine (L-Gly), 

glucono delta-lactone (GDL) and a saccharide, and a molecular fragment thereof. 

According to the present invention, the ice-philic group is a functional group capable of forming 

a non-covalent interaction with ice, for example, forming a hydrogen bond, a van der Waals 

interaction, an electrostatic interaction, a hydrophobic interaction or a π-π interaction with ice; 25 

illustratively, the ice-philic group may be selected from hydroxyl (-OH), amino (-NH2), phenyl (-

C6H5) and pyrrolidinyl (-C4H8N), or, from a compound molecule, such as glutamine (L-Gln), 

threonine (L-Thr), aspartic acid (L-Asn), benzene (C6H6) and pyrrolidine (C4H9N), and a 

molecular fragment thereof. 

According to the present invention, the biomimetic ice growth inhibition material is selected from 30 

at least one of or a combination of two or more of a polyvinyl alcohol (PVA), an amino acid, a 

polypeptide and a polyamino acid. 

According to the present invention, the amino acid may be selected from one of or a combination 
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of two or more of arginine, threonine, proline, lysine, histidine, glutamine, aspartic acid, glycine 

and the like; the polyamino acid may be a homopolymer (with a degree of polymerization ≥ 2, 

preferably 2–40, for example, 6, 8, 15 and 20) of at least one selected from lysine, arginine, proline, 

threonine, histidine, glutamic acid, aspartic acid, glycine and the like. 

Illustratively, the polypeptide is a polypeptide consisting of two or more of the aforementioned 5 

amino acids or a glycopeptide derivative formed by a reaction between an amino acid and a 

saccharide (e.g., gluconolactone). For example, the polypeptide is a polypeptide consisting of 2–8 

different amino acids, and for example, a dipeptide, a tripeptide or a tetrapeptide. In embodiments 

of the present invention, the polypeptide is one or more of L-Thr-L-Arg (TR), L-Thr-L-Pro (TP), 

L-Arg-L-Thr (RT), L-Pro-L-Thr (PT), L-Thr-L-Arg-L-Thr (TRT), L-Thr-L-Pro-L-Thr (TPT), L-10 

Ala-L-Ala-L-Thr (AAT) or L-Thr-L-Cys-L-Thr (TCT). 

According to the present invention, the content of the biomimetic ice growth inhibition material is 

1.0–50 g, 2.0–20 g or 5.0–10 g. In one embodiment, the content of the biomimetic ice growth 

inhibition material is 3.0 g, 4.0 g, 5.0 g, 10 g, 25 g or 30 g. 

In one embodiment of the present invention, the biomimetic ice growth inhibition material 15 

comprises 1.0–6.0 g of the PVA. 

In one embodiment of the present invention, the biomimetic ice growth inhibition material 

comprises 1.0–30 g of the amino acid. Illustratively, the amino acid is a combination of arginine 

and threonine, for example, comprising 1.0–20 g, 1.0–10 g or 1.0–5 g of arginine and 1.0–10 g, 

1.0–5.0 g or 1.0–2.5 g of threonine. 20 

In one embodiment of the present invention, the biomimetic ice growth inhibition material 

comprises 0.1–9.0 g of the polyamino acid, for example, 1–5.0 g. Illustratively, the polyamino acid 

is poly-L-proline and/or poly-L-arginine. 

In one embodiment of the present invention, the biomimetic ice growth inhibition material 

comprises 1.0–50 g of the polypeptide; for example, 1.0–25 g, 1.0–13 g, 1.0–10 g or 1.0–5.0 g. 25 

In one embodiment of the present invention, the biomimetic ice growth inhibition material is a 

combination of the PVA and the amino acid, the polypeptide and/or the polyamino acid. 

According to the present invention, the content of the water-soluble saccharide per 100 mL of 

thawing solution is 0.1–1.0 mol L-1, for example, 0.1–0.8 mol L-1, 0.2–0.6 mol L-1, e.g., 0.25 mol 

L-1, 0.5 mol L-1, 1.0 mol L-1. 30 

A thawing reagent, comprising a thawing solution I, a thawing solution II, a thawing solution III 

and a thawing solution IV, wherein the thawing solutions I–IV have compositions of the thawing 

solution described above. 
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According to the thawing reagent of the present invention, the concentration gradients of the 

biomimetic ice growth inhibition material in the thawing solutions I–IV are not particularly limited. 

The concentrations of the biomimetic ice growth inhibition material in the thawing solutions may 

be the same or different. As an exemplary embodiment, the concentrations of the biomimetic ice 

growth inhibition material in the thawing solutions I–IV are different. For example, the content of 5 

the biomimetic ice growth inhibition material in the thawing solution II is 50%–100% of that in 

the thawing solution I, and the content of the biomimetic ice growth inhibition material in the 

thawing solution III is 50%–100% of that in the thawing solution II. 

In the thawing reagent according to the present invention, the thawing solutions I–IV comprise 

1.0–6.0 g of the PVA; and preferably, the concentrations of the PVA in the thawing solutions I–10 

IV are the same. 

In the thawing reagent according to the present invention, the concentration of the water-soluble 

saccharide in the thawing solution II is 50%–100% of that in the thawing solution I, the 

concentration of the water-soluble saccharide in the thawing solution III is 50%–100% of that in 

the thawing solution II, and the concentration of the saccharide in the thawing solution IV is 0. 15 

In one embodiment of the thawing reagent of the present invention, the thawing solution I 

comprises, per 100 mL: 1.0-50 g of the amino acid, 1.0–5.0 g of the PVA, the water-soluble 

saccharide at 1.0 mol L-1 and the balance of the buffer; 

the thawing solution II comprises, per 100 mL: 1.0-25 g of the amino acid, 1.0–5.0 g of the PVA, 

the water-soluble saccharide at 0.5 mol L-1 and the balance of the buffer; 20 

the thawing solution III comprises, per 100 mL: 1.0-12.5 g of the amino acid, 1.0–5.0 g of the 

PVA, the water-soluble saccharide at 0.25 mol L-1 and the balance of the buffer; 

the thawing solution IV comprises, per 100 mL: 0-6.25 g of the amino acid, 1.0–5.0 g of the PVA 

and the balance of the buffer. 

In one embodiment of the thawing reagent of the present invention, the thawing solution I 25 

comprises, per 100 mL: 1.0–5.0 g of the PVA, the water-soluble saccharide at 1.0 mol L-1 and the 

balance of the buffer; 

the thawing solution II comprises, per 100 mL: 1.0–5.0 g of the PVA, the water-soluble saccharide 

at 0.5 mol L-1 and the balance of the buffer; 

the thawing solution III comprises, per 100 mL: 1.0–5.0 g of the PVA, the water-soluble saccharide 30 

at 0.25 mol L-1 and the balance of the buffer; 

the thawing solution IV comprises, per 100 mL: 1.0–5.0 g of the PVA and the balance of the buffer. 

In one embodiment of the thawing reagent of the present invention, the thawing solution I 
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comprises, per 100 mL: 1.0-9.0 g of the polyamino acid, 0.1–5.0 g of the PVA, the water-soluble 

saccharide at 1.0 mol L-1 and the balance of the buffer; 

the thawing solution II comprises, per 100 mL: 0.1–4.5 g of the polyamino acid, 1.0–5.0 g of the 

PVA, the water-soluble saccharide at 0.5 mol L-1 and the balance of the buffer; 

the thawing solution III comprises, per 100 mL: 0.1–2.3 g of the polyamino acid, 1.0–5.0 g of the 5 

PVA, the water-soluble saccharide at 0.25 mol L-1 and the balance of the buffer; 

the thawing solution IV comprises, per 100 mL: 0–1.2 g of the polyamino acid, 1.0–5.0 g of the 

PVA and the balance of the buffer. 

In one embodiment of the thawing reagent of the present invention, the thawing solution I 

comprises, per 100 mL: 1.0-50 g of the polypeptide, 1.0–5.0 g of the PVA, the water-soluble 10 

saccharide at 1.0 mol L-1 and the balance of the buffer; 

the thawing solution II comprises, per 100 mL: 1.0-25 g of the polypeptide, 1.0–5.0 g of the PVA, 

the water-soluble saccharide at 0.5 mol L-1 and the balance of the buffer; 

the thawing solution III comprises, per 100 mL: 1.0-12.5 g of the polypeptide, 1.0–5.0 g of the 

PVA, the water-soluble saccharide at 0.25 mol L-1 and the balance of the buffer; 15 

the thawing solution IV comprises, per 100 mL: 0-6.25 g of the polypeptide, 1.0–5.0 g of the PVA 

and the balance of the buffer. 

According to the present invention, the water-soluble saccharide may be at least one of a non-

reducing disaccharide, a water-soluble polysaccharide and a glycoside, for example, selected from 

sucrose and trehalose, preferably, sucrose. The water-soluble saccharide can protect cell 20 

membranes and prevent cell from sedimentation. 

According to the present invention, the buffer may be selected from at least one of DPBS, hepes-

buffered HTF buffer and other cell culture buffers. 

According to the present invention, the PVA is selected from one of or a combination of two or 

more of an isotactic PVA, a syndiotactic PVA and an atactic PVA. For example, the PVA has a 25 

syndiotacticity of 15%–65%, specifically, for example, 40%–60% or 53%–55%. Atactic PVA is 

preferred, for example, the PVA with a syndiotacticity of 45%–65%. 

According to the present invention, the PVA may be selected from a PVA having a molecular 

weight of 10–500 kDa or higher, for example, 10–30 kDa, 30–50 kDa, 80–90 kDa, and 200–500 

kDa. 30 

According to the present invention, the PVA may be selected from a PVA having a degree of 

hydrolysis greater than 80%, for example, 80%–99%, 82%–87%, 87%–89%, 89%–99%, and 

98%–99%. 
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The thawing solution of the present invention may be formulated by methods known in the art, 

such as: 

dissolving the biomimetic ice growth inhibition material in one part of the buffer and adjusting the 

pH; dissolving the water-soluble saccharide in the other part of the buffer; and cooling the two 

solutions to room temperature, and mixing the two solutions. 5 

A method for thawing a cryopreserved cell, tissue or organ, comprising: 

thawing the cryopreserved cell, tissue or organ in the thawing solution I at 37 °C for 3–5 minutes, 

and then sequentially thawing the cryopreserved cells or tissues in the thawing solution II, the 

thawing solution III and the thawing solution IV for 3–5 minutes at room temperature.  

The thawing solution and the thawing reagent can be used for thawing cryopreserved oocytes, 10 

embryo, tissue or organ. For example, the tissue or the organ is an ovarian tissue or an ovarian 

organ. 

Furthermore, the present invention provides use of the thawing solution and the thawing reagent, 

specifically use in thawing a cryopreserved oocytes, embryo, tissue or organ, for example, the 

tissue or the organ is an ovarian tissue or an ovarian organ. 15 

Beneficial Effects 

The thawing solution and the thawing reagent of the present invention are prepared from the 

biomimetic ice growth inhibition material with ice-philic and hydrophilic properties, can 

effectively control the growth of ice crystals and significantly mitigate the damage of cells or 

tissues caused by the change in temperature in the process of thawing. The thawing solution and 20 

the thawing reagent have good biocompatibility, are free of animal serum, and are low in toxicity, 

thus having lower risks such as short shelf life and introduction of parasitic biological 

contaminants, and advantages in maintaining passaging stability of cells or tissues as compared 

with conventional thawing solutions containing serum. The present invention has simple 

composition, cost-efficiency and good application prospect. 25 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photograph of a stained slice of a fresh unfrozen ovarian organ; 

FIG. 2 is a photograph of a stained slice of an ovarian organ thawed by the thawing solution of 

Example 1; 30 

FIG. 3 is a photograph of a stained slice of a fresh unfrozen ovarian tissue; and 

FIG. 4 is a photograph of a stained slice of an ovarian tissue thawed by the thawing solution of 

Example 1. 
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DETAILED DESCRIPTION 

The preparation method of the present invention will be further illustrated in detail with reference 

to the following specific examples. It should be understood that the following examples are merely 

exemplary illustration and explanation of the present invention, and should not be construed as 5 

limiting the protection scope of the present invention. All techniques implemented based on the 

aforementioned contents of the present invention are encompassed within the protection scope of 

the present invention. 

Unless otherwise stated, the experimental methods used in the following examples are 

conventional methods. Unless otherwise stated, the reagents, materials, and the like used in the 10 

following examples are commercially available. 

The PVA used in the examples of the present invention has a syndiotacticity of 50%–55%, a 

molecular weight of 13–23 kDa and a degree of hydrolysis of 98%. 

In the examples of the present invention, poly-L-proline used in the cryopreservation solution has 

a degree of polymerization of 15 and a molecular weight of 1475. Poly-L-proline in a thawing 15 

solution has a degree of polymerization of 8 and a molecular weight of 795. 

The following freezing equilibration solution and cryopreservation solution were used in the 

examples of the present invention: 

Cryopreservation solution A (total volume: 100 mL): 2.0 g of a PVA was dissolved in 30 mL of 

DPBS in a water bath at 80 °C by heating and magnetic stirring, and pH was adjusted to 7.0 to 20 

give a solution 1; 17 g (0.05 mol) of sucrose (the final concentration of the sucrose in the 

cryopreservation solution was 0.5 mol L-1) was ultrasonically dissolved in 25 mL of DPBS, and 

after the sucrose was completely dissolved, 10 mL of ethylene glycol was added to give a solution 

2; after returning to room temperature, the solution 1 and the solution 2 were well mixed, the pH 

was adjusted, and the mixture was diluted to 100 mL with DPBS for later use. 25 

Freezing equilibration solution a (total volume: 100 mL): 2.0 g of a PVA was dissolved in 50 mL 

of DPBS in a water bath at 80 °C by heating and magnetic stirring, and pH was adjusted to 7.0 

after the PVA was completely dissolved; the solution was added with 7.5 mL of ethylene glycol 

and well mixed, the pH was adjusted, and the mixture was diluted 100 mL with DPBS for later 

use. 30 

Cryopreservation solution B (total volume: 100 mL): 2.0 g of a PVA was dissolved in 25 mL of 

DPBS in a water bath at 80 °C by heating and magnetic stirring, and pH was adjusted to 7.0 to 

give a solution 1; 1.5 g of poly-L-proline was ultrasonically dissolved in another 20 mL of DPBS, 
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and the pH was adjusted to 7.0 to give a solution 2; 17 g (0.05 mol) of sucrose (the final 

concentration of the sucrose in the cryopreservation solution was 0.5 mol L-1) was ultrasonically 

dissolved in 25 mL of DPBS, and after the sucrose was completely dissolved, 10 mL of ethylene 

glycol was added to give a solution 3; after returning to room temperature, the solution 1, the 

solution 2 and the solution 3 were well mixed, the pH was adjusted, and the mixture was diluted 5 

to 100 mL with DPBS for later use. 

Freezing equilibration solution b (similar with freezing equilibration solution a; total volume: 100 

mL): 2.0 g of a PVA was dissolved in 40 mL of DPBS in a water bath at 80 °C by heating and 

magnetic stirring, and pH was adjusted to 7.0 after the PVA was completely dissolved; the solution 

was added with 7.5 mL of ethylene glycol and well mixed, the pH was adjusted, and the mixture 10 

was diluted to 100 mL with DPBS for later use. 

Cryopreservation solution C, comprising, per 1 mL: 10% (v/v) of ethylene glycol, 20% (v/v) of 

fetal bovine serum, sucrose at 0.5 M and the balance of DPBS. 

Freezing equilibration solution c, comprising, per 1 mL: 7.5% (v/v) of ethylene glycol, 20% (v/v) 

of fetal bovine serum and the balance of DPBS. 15 

Example 1 

A thawing solution I comprises, per 100 mL: 

Substances Content 

PVA (mg mL-1) 20 

Sucrose (mol·L-1) 1.0 

DPBS (V) Balance 

 

A thawing solution II comprises, per 100 mL: 

Substances Content 

PVA (mg mL-1) 20 

Sucrose (mol·L-1) 0.5 

DPBS (V) Balance 

 20 

A thawing solution III comprises, per 100 mL: 

Substances Content 

PVA (mg mL-1) 20 

Sucrose (mol·L-1) 0.25 

DPBS (V) Balance 
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A thawing solution IV comprises, per 100 mL: 

Substances Content 

PVA (mg mL-1) 20 

DPBS (V) Balance 

 

Example 2 

A thawing solution I comprises, per 100 mL: 

Substances Content 

Poly-L-proline (mg mL-1) 10 

PVA (mg mL-1) 20 

Sucrose (mol·L-1) 1.0 

DPBS (V) Balance 

 5 

A thawing solution II comprises, per 100 mL: 

Substances Content 

Poly-L-proline (mg mL-1) 5.0 

PVA (mg mL-1) 20 

Sucrose (mol·L-1) 0.5 

DPBS (V) Balance 

 

A thawing solution III comprises, per 100 mL: 

Substances Content 

Poly-L-proline (mg mL-1) 2.5 

PVA (mg mL-1) 20 

Sucrose (mol·L-1) 0.25 

DPBS (V) Balance 

 

A thawing solution IV comprises, per 100 mL: 10 

Substances Content 

PVA (mg mL-1) 20 

DPBS (V) Balance 
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Comparative Example 1: 

The thawing solution I comprises: sucrose at 1.0 mol L-1, 20% of serum and the balance of DPBS; 

The thawing solution II comprises: sucrose at 0.5 mol L-1, 20% of serum and the balance of DPBS; 

The thawing solution III comprises: sucrose at 0.25 mol L-1, 20% of serum and the balance of 

DPBS; 5 

The thawing solution IV comprises: sucrose at 0 mol L-1, 20% of serum and the balance of DPBS. 

 

Application Example 1: Thawing of cryopreserved oocytes 

The method for cryopreserving oocytes of the present invention specifically comprises the 

following steps: firstly the oocytes were equilibrated in a freezing equilibration solution for 5 10 

minutes; then the oocytes were equilibrated in the cryopreservation solution for 45 seconds; the 

oocytes equilibrated in the cryopreservation solution were loaded onto straws; then the straws were 

quickly put into liquid nitrogen (-196 °C); and the straws were closed for cryopreservation. 

The mouse oocytes were thawed with the thawing reagents prepared from the formulas in Example 

1 and Example 2 and the thawing reagents prepared in the Comparative Example 1. The method 15 

for thawing the oocytes specifically comprises the following steps: the oocytes were quickly 

transferred from the liquid nitrogen to the thawing solution I at 37 °C and incubated for 3–5 

minutes; then the oocytes were sequentially incubated in the thawing solution II, the thawing 

solution III and the thawing solution IV for 3 minutes each at room temperature; the oocytes were 

then transferred into culture media and incubated in a 5% carbon dioxide incubator at 37 °C for 2 20 

h; and the survival rate of the oocytes was calculated (Table 1). 

Application Example 2: Thawing of cryopreserved embryos 

The method for cryopreserving embryos of the present invention specifically comprises the 

following steps: firstly the embryos were equilibrated in a freezing equilibration solution for 8 

minutes; then the embryos were equilibrated in the cryopreservation solution prepared as per the 25 

formula above for 50 seconds; the embryos equilibrated in the cryopreservation solution were 

loaded onto straws; then the straws were quickly put into liquid nitrogen (-196 °C); and the straws 

were closed for cryopreservation. 

The mouse embryos were thawed with the thawing reagents prepared from the formulas in Example 

1 and Example 2 and the thawing reagents prepared in the Comparative Example 1. The method for 30 

thawing the embryos specifically comprises the following steps: the embryos were quickly transferred 

from the liquid nitrogen to the thawing solution I at 37 °C and incubated for 3–5 minutes; then the 

embryos were sequentially incubated in the thawing solution II, the thawing solution III and the 
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thawing solution IV for 3 minutes each at room temperature; the embryos were then transferred into 

culture media and incubated in a 5% carbon dioxide incubator at 37 °C for 2 h; and the survival rate 

of the embryos was calculated (Table 2). 

The survival rate in the examples of the present invention is the average survival rate of 3-12 

duplicate experiments. 5 

 

Table 1. Comparison of survival rate of mouse oocytes thawed with thawing solutions 

No. Equilibration 

solution 

Freezing 

solution 

Thawing 

solution 

Total number of 

frozen oocytes 

Survival rates 

after 2 h (%) 

Application 

Embodiment 1 

a A Example 1 53 96.5 

Application 

Embodiment 2 

b B Example 2 60 98.6 

Application 

Embodiment 3 

c C Example 1 44 94.7 

Comparative 

Embodiment 1 

a A Comparative 

Example 1 

50 93.4 

Comparative 

Embodiment 2 

b B Comparative 

Example 1 

39 89.7 

Comparative 

Embodiment 3 

c C Comparative 

Example 1 

96 81.9 

 

Table 2. Comparison of survival rate of mouse embryos thawed with thawing solutions 

No. Equilibration 

solution 

Freezing 

solution 

Thawing 

solution 

Total number 

of embryos 

Survival rates 

after 2 h (%) 

Comparative 

Embodiment 4 

c C Comparative 

Example 1 

39 82.0 

Application 

Embodiment 4 

b B Example 2 39 97.4 

Application 

Embodiment 5 

a A Example 1 37 97.1 

 10 

It can be seen from the data in Tables 1 and 2 that the survival rate of the oocytes thawed with the 

thawing reagent of the present invention was greater than 94%, even up to 98.6%, and that the 

survival rate of the thawed embryos was greater than 97%, which was much higher than those in 

Comparative Example 1 (commercially available thawing solutions), indicating that the 

effectiveness of the thawing reagent was superior to that of conventional vitrification thawing 15 

solutions in thawing oocytes and embryos. In addition, the thawing reagent of the present invention 

is free of serum, poses low risks of parasitic biological contaminants and the like, and is more 

favorable for maintaining the stability of passage of cells or tissues. 
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Application Example 3: Thawing of cryopreserved intact ovarian organs or ovarian tissue slices 

The combination of the aforementioned freezing equilibration solution a and cryopreservation 

solution A was used to cryopreserve an ovarian organ slice of a 3-day-old newborn mice and an 

ovarian tissue slice of sexually mature mice, and then the aforementioned thawing solution of 5 

Example 1 was used for thawing. The freezing and thawing process comprises the following steps: 

the intact ovarian organs or ovarian tissue slices were equilibrated in the equilibration solution at 

room temperature for 25 minutes, equilibrated in the prepared cryopreservation solution for 15 

minutes, and then loaded onto straws. The straws were put into liquid nitrogen for preservation. 

After thawing, the intact ovarian organs or ovarian tissue slices were incubated in culture media 10 

(10% FBS + a-MEM) in a 5% CO2 incubator at 37 °C for thawing for 2 hours and then fixed with 

4% paraformaldehyde, embedded in paraffin and stained with HE for morphological observation. 

The results are shown in FIGs. 1–4, wherein FIG. 1 is a photograph of a stained slice of a fresh 

unfrozen ovarian organ; FIG. 2 is a photograph of a stained slice of an ovarian organ thawed by 

the thawing solution of Example 1; FIG. 3 is a photograph of a stained slice of a fresh unfrozen 15 

ovarian tissue; and FIG. 4 is a photograph of a stained slice of an ovarian tissue thawed by the 

thawing solution of Example 1. It can be seen that after thawing with the thawing solution of 

Example 1, the follicular structure and interstitial structure of the ovarian organs or the ovarian 

tissues were relatively intact, the cytoplasm of cells was relatively homogeneous and lightly 

stained in a relatively large amount, and nucleus shrinkage and deep staining were relatively mild; 20 

the structure of the vascular wall was intact, lumen collapse was mild, the cytoplasm of endothelial 

cells was homogeneous and lightly stained in a relatively large amount, nucleus shrinkage and 

deep staining were relatively mild, thus suggesting a good thawing effect. 

The examples of the present invention have been described above. However, the present invention 

is not limited to the above examples. Any modifications, equivalents, improvements and the like 25 

made without departing from the spirit and principle of the present invention shall fall within the 

protection scope of the present invention. 
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