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Effect of Cryoprotectant Concentration and Equilibration Time on Volume
Change and In Vitro Development of Intact and Bisected Mouse Embryos
following Rapid Freezing

l.ee, E.B*., |.K. Kong, D.J. Kang and C.S. Park

Department of Animal Science, College of Agriculture, Gyeongsang National University
SUMMARY

This study was carried out to investigate the effects of cyroprotectant concentration and
equilibration time on volume change and in wvitro development of intact and bisected mouse
embryos by rapid freezing. When compacted morulae were rapidly frozen in 3.0 to 4.0 glycerol
or DMSO with 0.25M sucrose solution, the superior(P<0.05) post-thaw survival rate was
obtained at the glycerol concentration of 4.0M(89.4%) than 3.0M(71.4%) or 5.0M(42.4%), but
at the DMSO concentration of 3.0M(84.5%) than 4.0M(51.1%) or 5.0M(0.0%). The optimal
equilibration time for rapid freezing of ZP-free or bisected morulae in 4.0M glycerol with 0.25M
sucrose was found to be 3 minutes. The minimal volume of compacted morulae which
corresponded with 61 to 62% of pre-equilibrated embryo volume was obtained from
equilibration for 3 minutes in both 3.0 and 4.0M glycerol solutions with 0.25M sucrose.
(Key words : volume change, rapid freezing, equilibration time, ZP-free and bisected embryos)
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Fig. 1. Diagramatic representation of 0.25ml plastic straw loaded with freezing solution and

embryos for rapid freezing.

(FC) Freezing solution column, (SC) 0.25M sucrose solution column,

(*) Air bubble column and (o) Embryos in freezing solution column.
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Table 1. Changes in embryo volume(mm?) during exposure to various concentrations of
glycerol with 0.25M sucrose in basal medium

Concentration ~ No. of Equilibration time (min.)
of glycerol embryos
(M) examined 0 5 10 20
0 40 236.1+7.1¢ 161.4+4.8* 161.6%+4.7* 148.24+4.3%" 142.7+3.9°
(100) (67.5x1.6) (68.6%t1.4) (62.7+1.6) (60.6+1.4)
3 40 194.2+£7.1° 122.1£3.7° 125.7£3.4* 132.6*+2.8* 133.9+2.3°
(100 (62.2+1.3) (63.3%£1.6) (67.6*+1.4) (68.8+1.8)
4 40 211.6%+4.9° 130.0x£5.0° 136.5%x4.8* 145.5%+5.0®® 151.6%5.8°
(100) (61.6+1.8) (65.1£1.6) (70.1x1.7) (72.1%2.0)
5 40 214.5%5.4° 139.2%+4.5* 148.6+4.0% 152 .4%+3.5*® 158.3+4.3°
(100) (64.8+1.7) (70.2+2.1) (71.9+2.3) (74.3£2.5)

*Means+S.E.M. with different superscripts in the same rows are significantly different (P<0.05).

*Figures in parentheses are the relative percentages of the isotonic volume of embryos.
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Table 2. Effect of cryoprotectant concetrations on survival of mouse compact morulae for

rapid freezing following equilibration for 5 minutes

Cryoprotectant No. of No. and (%) No. and (%) of embryos developed to
concentration embryos of embryos ol
(M) frozen recovered Normal alse
blastocyst blastocyst Degenerated

3 112 105(93.8) 75(71.4)¢ 10( 9.5) 20(19.1)
Glycerol 4 122 113(92.6) 101(89.4)® 4(3.5) 8(7.1)

5 109 99(90.8) 42(42 .4)¢® 20(20.2) 37(37.4)

3 106 97(91.5) 82(84.5)¢ 2(2.1) 13(13.4)
DMSO 4 116 94(81.0) 48(51.1)® 18(19.1) 28(29.8)

5 112 98(87.5) 0(0.0)® 10(10.2) 88(89.8)

*Values with different superscirpts denote significant(P<0.,05) difference among cryoprotectant

concentration.



Table 3. Effect of cell stage on survival of mouse embryos cryopreserved by rapid freezing
following equilibration in 4M glycerol for § minutes

Cell No. of No. and(%) No. and (%) of embryos developed to
tages embryos of embryos N l Fal
stage frozen recovered orma alse

blastocyst blastocyst Degenerated
8-cell 104 96(92.3) 89(92.7)° 3(3.1) 4(4.2)
Morula 122 113(92.6) 101(89.4)° 4(3.9) 8(7.1)
Blastocyst 106 94(88.7) 70(74.5)° 9(9.6) 15(15.9)

*Values with different superscirpts denote significant (P<0.05) difference among cell stages.

Table 4. Effect of cell stage on survival of mouse embryos cryopreserved by rapid freezing
following equilibration in 3M DMSO for § minutes

Cell No. of No. and(%) No. and (%) of embryos developed to
stages embryos of embryos =
age frozen recovered Normal alse
blastocyst blastocyst Degenerated
8-cell 112 94(83.9) 61(64.9)° 17(18.1) 16(17.0)
Morula 106 97(91.5) 82(84.5)° 2(2.1) 13(13.4)
Blastocyst 118 102(86.4) 52(50.9)¢ 14(13.7) 31(30.4)

*Values with different superscirpts denote significant (P<0.05) difference among cell stages.
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Table 5. Survival comparison of mouse zona-free and bisected compact morulae cryopreser-
ved by rapld freezmg fol|owung in glycerol contained ﬂ 25M sucrose

Glycero Eaquilih ¢ No. and :
Types of concentra- 4 Utlioln ra el;Il(t)).r)fz)g (o) No. and (%) of embryos developed to
embryos tion . . 7 of embryos N ] Fal
- time (min.) frozen orma alse
(M) recovered  plastocyst  blastocyst Degenerated
3 3 41 35(85.4)  22(62.8)* 3(8.6) 10(28.6)
4 55 500(90.9)  34(68.0)" 6(12.0) 10(20.0)
Zona free
4 3 47 42(89.4)  31(73.8)" 3(7.1) 8(19.1)
5 43 40(93.0)  13(32.5)® 7(17.5) 20(50.0)
3 3 56 49(87.5)  27(55.1)® 5(10.2) 17(34.7)
5 60 54(90.0)  33(61.1)® 6(11.1) 15(27.8)
Bisected
4 3 62 54(87.1)  35(64.8)" 10(18.5) 9(16.7)
5 57 51(89.4)  17(33.3)*  14(27.5) 20(39.2)

*Values with different superscripts denote significant (P<(.05) difference between the equilibration
times and glycerol concentration.

Table 6. Survival comparison of mouse zona-free and bisected compact morulae cryopreser-
ved by rapld freezmg followmg in glycerol contained 0.25M sucrose

(lecerol Eauilib N , No and o

Types of concentra- «qUtl_ ibra- . ?)' 0 (o)  No. and (%) of embryos developed to

. ion mbryos
embryos tion . . of embryos N 1 Fal

- time (min. ) frozen orma alse

(M) recovered  pastocyst  blastocyst Degenerated
Intact 4 5 122 113(92.6) 101(89.4)° 4(3.5) 8(7.1)
Zona free 4 3 47 42(89.4)  31(73.8)2 3(7.1 8(19.1)
Bisected 4 3 62 54 (87.1) 17(64.8)% 10(18.5) 9(16.7)

*Values with different superscripts denote significant {P<0.05) difference among type of embryos.
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