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Abstract

With the development of assisted reproductive technology, embryo freezing has be-
come an inseparable part of its development. Cryopreservation of donkey embryos
has become a recognized technique in donkey-assisted reproduction. However, it
has not been determined which stage of cryopreservation of donkey embryos before
transplantation is the most effective. During programmed freezing, cells gradually
dehydrate in a balanced manner, with different concentrations of molecules and ions
in ice crystals and nonice crystals. Vitrified freezing uses a high concentration of
protective agent for rapid cooling, allowing all liquids to harden without forming
ice crystals. The distribution of molecules and ions in a solid substance after vitrifi-
cation is the same as that of the original liquid, so this solid substance can also be
considered a very viscous and low-temperature liquid. Programmed slow freezing
is a relatively mature freezing technology, widely used in the field of donkey-as-
sisted reproduction. Currently, vitrification is a new freezing method, which is sim-

pler and more effective than traditional slow freezing. It has certain advantages in
terms of recovery rate, blastocyst formation rate, and blastocyst hatching rate. In
addition, with the application of vitrified donkey embryo freezing technology, the
laboratory workload is reduced, the cost is reduced, the number of attempts to con-
ceive per ovulation is maximized, and the practicability is improved.
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1. Research significance of vitrification freezing donkey embryos

During the freezing process, liquids can form two states: crystal and vitreous. The molecules of substances are arranged
in an orderly manner in the crystal, and the original disordered structure of the liquid is destroyed. The molecules in the
vitreous body are still in a liquid-disordered state, and the original structural order has not changed. The state of solidifi-
cation of a liquid during freezing depends on its viscosity coefficient, cooling rate, and total liquid volume. Theoretically,
as long as sufficient cooling speed is obtained, any liquid can enter the glass state, but it is difficult to achieve in practical
work. Adding a cryoprotectant to the solution reduces the volume of the liquid, thereby reducing the cooling rate required
to form a glass state. There is a negative correlation between the concentration of cryoprotectant and the cooling rate: the
higher the cooling rate, the lower the concentration of cryoprotectant required. During vitrification, cells are cooled at
ultra-high speeds in a high concentration of cryoprotectants (cooling rates of up to 15000 to 24000/MIN) to form an
unstructured glass state, and ice crystals are not formed inside and outside the cells. Therefore, during the freezing and
thawing processes, the frozen liquid does not switch back and forth between the liquid and crystal morphology, preventing
ice crystals from damaging the cells. Vitrified freezing uses both permeable and non-permeable cryoprotectants, with the
greatest advantage of avoiding the formation of ice crystals, the biggest damage factor in the freezing process. However,
for this reason, we need a large freezing speed and concentration of cryoprotectants [1]. The faster the cooling rate, the
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lower the concentration of cryoprotectant required, and vice versa. But in reality, this limit is difficult to reach. With
relatively appropriate cooling rates, vitrification can be formed through higher concentrations of cryoprotectants, but
specimens exposed to such high concentrations will face significant cytotoxicity and permeability damage. Therefore, in
order to effectively vitrify and freeze living cells, it is necessary to find a balance between the concentration of cryopro-
tectant in the freezing solution and the heating and cooling rate during freezing resuscitation. At the same time, pro-
grammed freezing is a classic method of cryopreservation, with the advantages of low osmotic pressure stress on embryos
and low solution concentration toxicity, but it is an ice cream formed during the freezing process. The recrystallization of
fertilization is the main cause of embryo damage.

2. Reagents and equipment

2.1 Drugs and reagents

Pregnant horse serum gonadotropin (PMSG), human chorionic gonadotropin (HCG), sperm washing culture medium,
1006; Blastocyst medium, 1029, tissue culture milk, 4008P; Serum substitute (SPS, 3010); Vitrification freezing reagent:
DMSO (DMSO) ETHYLENE GLYCOL (EG), Sucrosse, Ficoll (using 1006 as a liquid) Equilibrium solution (ES): 0
thawing solution.

2.2 Vitrified donkey embryo freezing process:

2.2.1 Preparation of vitrified donkey embryo freezing reagent solution

Extract 1006, DMSO, EG, Sucrosse, and Ficoll, take seven 15ml centrifuge tubes, mark them with A, B0, C0, B, C, D,
and E. Open the electronic scale, and adjust the unit to G state. Add two ingredients in the order: BO and 3.4 grams of
sucrose; For C0, add 3.4 grams of sucrose and 0.1 grams of Ficoll. Take the BO tube and CO tube back to the super clean
table. Take a 10ml transfer tube, open 1006 culture solution, and place 10ml of 1006 culture solution in A, B0, and CO.
Shake and completely dissolve B0 and CO. Take a 10ml syringe, extract all the liquid in the BO tube, and connect a 0.22um
filter. Filter the liquid into tube b, take out a 10ml syringe, extract all the liquid from tube CO, connect a 0.22um filter,
and filter the liquid onto tube c. B0 tube and CO tube are discarded. Receive a 10 ml syringe to extract 4 ml of EG, then
filter 0.22 um through the liquid, filter through an EG tube, 1 7575, ingest 4 ml of DMSO, transfer to a DMSO tube, seal,
and refrigerate all centrifuge tubes [2].

2.2.2 Preparation of vitrified donkey embryo freezing solution

Turn on the front light, turn on the heating switch of the super clean table, pull the two Baster tubes to a thickness of 3,
and place the 4 plates on the black heat conductive block. Pay attention to the direction. No. 1 and No. 2 are on the top,
and No. 3 is in the lower left corner. Open the chassis cover, take a Iml pipette, and open the tube A.

Add No. 1 A 850ul, add No. 2 A 850ul, and discard the straw. Take a 1ml pipette and open the c-tube. Add C 700ul on
day 3; Holding a 100ul gun, rotate the sampler to 75ul, open the DMSO tube, add the second DMSO 75ul, add 3, and add
the third DMSO 150ul, totaling scrapped. Bring a 100ul gun, open the EG tube, add the second EG75ul, add three, and
add the third EG150ul. Blow 3 to 40 times, 2 to 20 times, and throw away the gun to prevent the super clean table from
standing at 37 degrees for 15 minutes.

2.2.3 Vitrified donkey embryo freezing operation

37 degrees, take out the magnetic rod, take out the cooling tube, use Zifeng to rotate the cover, and take out the freezing
shelf. Use a hemostatic forceps to hold a freezing ring, insert the freezing ring into the hole in the center of the cooling
pipe cover, and check for firmness and defects [3]

The freezing ring is usually very loose, and the end of the pliers is used to firmly clamp the plastic around the hole.
The freezing tube should be placed in the bottom lattice of the freezing bracket, with the bottom of the tube pressed
against the bottom of the bracket. Fill the liquid nitrogen cup with liquid nitrogen, and place it on the left freezing bracket.
You can soak it in liquid nitrogen. Close the lid and bring a new 3002. Open the lid and place it on the front right of your
right hand. Place the timer on the right, select two minutes, turn the small electric lamp to its brightest position, and turn
off the fire. Take out the embryo culture plate from the incubator, confirm the name, transfer the embryo to hole 1 and
the plane, take one minute to photograph the freezing ring onto hole 1, and see if there is any abnormality in the formation
of the membrane. Replace the freezing ring with a new one, as normal, and apply the membrane to the inner wall of hole
1. After the donkey embryo has moved to Cave 2, the timer starts counting immediately. Balance in hole 2 for two minutes,
inhale multiple times and balance with the culture solution. With about 1 minute left, use 7575 to extract a small amount
of culture solution from hole 3, add 3002 to make three drops on the lid, and open the lid of the liquid nitrogen cup. "There
are about 30 seconds left. After 2 minutes, immediately remove the embryo and place it in droplet 1 for 20 seconds." Spit
out the liquid in the Baster tube at a place far away from the water droplet, absorb a small amount of liquid from the liquid

DOI: 10.26855/ijfsa.2023.09.007 387 International Journal of Food Science and Agriculture



Caihong Hao et al.

droplet 2, transfer the embryo to the liquid droplet 2, and then inhale the Baster tube to stay at the tip. While observing
the left-hand magnet rod with the naked eye, imprint the freezing ring on the liquid droplet 3. Carefully transfer the
embryo to the freezing ring using a microscope, quickly immerse the freezing ring in liquid nitrogen in a liquid nitrogen
cup, and be careful not to touch the end of the freezing ring. Whatever it is. Immediately look at the table and record the
time. The entry of 3 to liquid nitrogen from the embryo should not exceed 30 seconds. Hold the freezing ring in liquid
nitrogen and carefully rotate the freezing ring into the freezing tube to remove the magnetic rod. The freezing tube remains
immersed in liquid nitrogen. Check bus tubes and water droplets for lack of embryos.

Lift the liquid nitrogen cup into the liquid nitrogen tank and quickly place the holder into the corresponding basket of
the liquid nitrogen tank.

3. Recovery of vitrification and freezing activity: (Operation below 37)

Remove the reserve A and B, turn on the heating switch of the ultra-clean workbench, and prepare 2 to 3 Bast tubes.
Generally, use a yellow thick needle to pull 5 3653 straws, and write 1, 2, and 3 straws each, taking 1 milliliter. Open the
A tube, add 1 # A 800ul, add 2 # A 800ul, add A 800ul on the third day, and discard the straws. Take a 1 ml pipette and
open the B tube. Add 400 ul of B on the first day, and add 200 ul of B on the second day. Discard the straw. The purifi-
cation table is balanced at 37 degrees for 15 minutes, and the liquid nitrogen cup is filled with liquid nitrogen. Take out
the frozen scaffold, quickly put it into a liquid nitrogen cup, place the timer on the right, set the time for about 2, 3, and 5
minutes respectively, and perform laser-assisted incubation of the embryo in the last 5 minutes. Finally, the embryos were
transferred to a balanced blastocyst culture plate the previous day and cultured in a 37, 5% CO, incubator [4].

4. Unfreezing work
4.1 Preparation of thawing solution

Thawing solution 1:1ml SPS 9ml HEPES-HTF (1023) Thawing solution 2:0.2 milliseconds (0.648 g sucross 10ml
Thawing solution 1). Thawing solution: 1.0 mproh/0.2 milliseconds (4.6 ml thawing solution 2 0.4 ml PROH). Thawing
solution 4: 0.5 MPROH/0.2 milliseconds (1.8 ml thawing solution 2 1.8 ml thawing solution 3). (2,3,4 liquids are filtered
through a 0.22um filter) [5].

4.2 Procedures for thawing vitrified donkey embryos

At room temperature, place thawing solutions 3, 4, 2, and 1 into 4 holes of plates 1, 2, 3, and 4.

Quick thawing: After removing the dense tube from liquid nitrogen, shake it in the air for 30 seconds, place the dense
tube in a 30-second water bath, inhale the embryo with a microscope, and place it in Hole 1 (thawing solution 4). The
dehydration process is as follows: 5 minutes in thaw solution 3, 5 minutes in thaw solution 4, 5 minutes in thaw solution
2, and 5 minutes in thaw solution 1. The embryos are placed in a blastocyst culture medium and cultured in a 37%, 5%
CO; incubator [6].

5. Judgment criteria for embryos after resuscitation

The survival of frozen embryos is mainly determined by morphology. After 2 to 4 hours of embryo culture after freezing
and thawing, the survival criteria were observed under an inverted microscope, including cell membrane integrity, cyto-
plasmic refractive index, zona pellucida integrity, and survival of more than 50% of mitotic cells. Continue to cultivate,
observe the formation and hatching of blastocysts, and calculate the formation rate and hatching rate of blastocysts; After
freezing and thawing 89 donkey embryos, 88 were thawed, with a survival rate of 92.9%. After 72 hours of continuous
cultivation of donkey embryos, the blastocyst formation rate was 88.1%, and the blastocyst incubation rate was 67.7%

[7].
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