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Abstract  Although ethylene glycol EG has been widely used for embryo cryopreservation in domestic animals few attempts
were made to use this molecule to freeze mouse and human embryos. In the few studies that used EG for slow-freezing of mouse
and human embryos complicated protocols for human embryos were used and the protocols need to be simplified. Besides

freezing mouse morula with EG as a cryoprotectant has not been reported. In this paper we studied the effects of embryo stages

EG concentration  duration and procedure of equilibration sucrose supplementation and EG removal after thawing on the
development of thawed mouse embryos using the simple freezing and thawing procedures for bovine embryos. The blastulation
and hatching rates 81.92% + 2.24% and 68.56% + 2.43% respectively of the thawed late compact morulae were
significantly P < 0.05 higher than those of embryos frozen-thawed at other stages. When mouse late compact morulae were

frozen with different concentrations of EG the highest rates of blastocyst formation and hatching were obtained with 1.8mol/L
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EG. The blastulation rate was significantly higher when late morulaec were equilibrated in 1.8mol/L. EG for 10 min prior to
freezing than when they were equilibrated for 30 min and the hatching rate of embryos exposed to EG for 10 min was significantly
higher than that of embryos exposed for 20 and 30 min. Both rates of blastocyst formation and hatching obtained with two-step
equilibration were higher P < 0.05 than with one-step equilibration in 1.8mol/LL EG. Addition of sucrose to the EG-based
solution had no beneficial effects. On the contrary an increased sucrose level 0.4 mol/L in the solution impaired the
development of the frozen-thawed embryos. In contrast addition of 0.1mol/L sucrose to the propylene glycol PG -based
solution significantly improved the development of the frozen-thawed embryos. Elimination of the cryoprotectant after thawing did
not improve the development of the thawed embryos. The cell numbers were less P <0.05 in blastocysts developed from the
thawed morulae than in the in vivo derived ones. In summary embryo stage EG concentration duration and procedure of
equilibration and sucrose supplementation had marked effects on development of the thawed mouse embryos and a protocol for
cryopreservation of mouse embryos is recommended in which the late morulae are frozen in 1.8mol/L EG using the simple freezing
and thawing procedures fo bovine embryos after a two-step equilibration and the embryos can be cultured or transferred without

EG removal after thawing.

Key words embryo cryopreservation ethylene glycol mouse
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Fig. 1

x 200
Micrographs of mouse embryos before and after cryopreservation at different stages of development x 200

A and B 4-cell embryos before and after freezing C and D 8-cell embryos before and after freezing E and F = early morulae before and after

freezing G and H late morulae before and after freezing.
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Table 1

1 EG
Development of mouse embryos frozen with EG at different developmental stages

Stages of development

Embryos developing to/ %

Embryos frozen

Blastocysts Hatched blastocysts
4-cell 128 86 65.86+1.44 ¢ 76 57.56+2.94 @
8-cell 143 101 70.05+1.43 * 88 61.07+1.82 "

Early compact morulae 149 102 68.30+£0.71 * 82 54.36+2.05 *
Late compact morulae 119 97 81.92+2.24 » 84 68.56+2.43 ¢

a b ¢ Values in the same column with a common letter in superscripts did not differ P >0.05 . The same for the following tables.

2 EG

Table 2 Development of mouse late compact morulae after cryopreservation in different concentrations of EG

EG Concentrations/ mol/L

Embryos developing to/ %

Embryos frozen

Blastocysts Hatched blastocysts
0.9 73 43 56.97+2.52 ¢ 37 50.14+1.09 *
1.8 72 58 80.83+£2.20 * 54 75.00+2.04 ©
2.7 45 29 64.17+2.50 * 19 42.50+2.50
3.6 63 34 55.14+3.54 * 13 20.97+2.43 ¢

3 1.8mol/L EG

Table 3 Development of mouse late compact morulae equilibrated in 1.8 mol/L. EG for different times and frozen in liquid nitrogen

Time of equilibration/min

Embryos developing to/ %

Embryos frozen

Blastocysts Hatched blastocysts
5 62 48 78.30+2.12 ° 46 73.72+1.34
10 59 47 80.97+4.14 * 45 76.77+1.84 *
20 67 48 71.81+0.88 ' 47 70.15+1.37 '
30 69 46 66.35+1.45 ¢ 42 60.75+3.77
2.4 0.9mol/L EG Smin
0.9mol/L EG Smin 0 0.05 0.1 0.2 0.4 mol/L
1.8mol/L EG 10min 1.8 1.8mol/L EG 10min 0 0.05
mol/L EG 10min 0.1 mol/L 80.83% +
80.83% +2.20% 2.20% 78.00% +2.00% 80.41% = 1.92%
P <0.05 72.64% +1.05% 75.00% + 2.04% 70.67% + 3.23%
75.00% +2.04% P <0.01 74.32% +2.06% P >0.05
60.14% +2.36% 0.2 0.4mol/L 73.33% +2.11
2.5 EG

4

62.67% +4.00%
P <0.05 4

57.08% +2.19%

43.61% =2.75%
1.8mol/L EG

Table 4 Development of mouse late compact morulae after cryopreservation in 1.8 mol/L. EG supplemented

with different concentratins of sucrose

Sucrose concentration/ mol/L

Embryos developing to/ %

Embryos frozen

Blastocysts Hatched blastocysts

0.05
0.1
0.2
0.4

72 58 80.83+£2.20 * 54 75.00£2.04 °
55 43 78.00+2.00 ® 39 70.67£3.23 @
58 47 80.41+1.92 * 43 74.32+2.06 *
75 55 73.33£2.11 ° 47 62.67+4.00 ®
56 32 57.08%2.19 ° 24 43.61£2.75 ©
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2.6 EG 80.83% £2.20% 86.39% +2.37%
0.9mol/L. EG Smin 75.00% £2.04% 79.84% +0.73%
1.8mol/L. EG 10min P>0.05 PG
0.5mol/L M2 Smin M2 87.64% + 1.12% 83.47% =+
3 EG EG EG 2.16% EG 80.41% +1.92%
80.83% + 2.20% 81.67% =+ 74.32% + 2.06% PG
3.19% 75.00% +2.04%  73.33% EG 5
+2.72% P>0.05 2.8 EG
2.7 EG PG 1.8mol/L. EG
0.9mol/LL EG ~ 0.75mol/L. EG
PG Smin 0. Imol/L 29.00 + 0.68 33.90 =
1.8mol/L. EG 1.5mol/L. PG 10min 0.85 30.93 £ 0.51
EG PG 38.70£0.76
5 EG PG
Table S Development of mouse late compact morulae after cryopreservation with EG or PG
Embryos developing to/ %
Cryoprotectants Embryos frozen
Blastocysts Hatched blastocysts
EG-Sucrose 72 58 80.83+2.20 * 54 75.00+2.04 ¢
EG + Sucrose 58 47 80.41+1.92 ¢ 43 74.32+2.06 *
PG-Sucrose 70 60 86.39+2.37 * 56 79.84+0.73 ©
PG + Sucrose 64 56 87.64+1.12 " 53 83.47+2.16 "
PG Emiliani " EG 4-
3 PG
PG Bafrani ' EG PG
EG 791115 8-
72 91013 yan EG
den Abbeel 7 Sommerfeld  Niemann °
8- 4-
PG EG EG
) 51527 < 4
< 8- <
% Tao °> PG
EG 2-
4-
Tao °  Emiliani " 1
— 2
- EG
26 PG
15 ~ 20 >0
1
~2 2

Shaw " EG 4-

o a8embduBG: wim s TR A %85 htto:/

/journals. im. ac. cn



771

4- 8-
EG
0.9 1.8 2.7 3.6 mol/LL EG
1.8 mol/L P <0.01
1.8mol/L. EG
5 ~ 10min 30min
10min 20 ~ 30min
EG 10min
28 %0
EG
Martinez EG 0. 1mol/L
0.3mol/L 1.8 mol/L. EG
0 0.05 0.1 mol/LL
0.2
0.4mol/L
Dochi % 1.6mol/L. PG
1.8mol/L, EG PG
EG
EG PG
0.1 mol/LL PG
EG
EG
PG PG EG
Shaw " PG
0. Imol/L 4-
PG EG
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