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Objectives: This study was carried out to evaluate the effects of embryonic
stage, cryoprotectant, and freezing-thawing method on the rates of survival and de
velopment of the cryopreserved mouse early embryo and finally to establish the
cryopreservation method of surplus embryos obtained during assisted reproductive
technology (ART).

Materials and Methods: Two to eight cell embryos were obtained from oviducts
of mated F; hybrid female mice superovulated by pregnant mare's serum
gonadotropin(PMSG) and human chorionic gonadotropin (hCG). Two-step 1, 2-propanediol
(PROH), dimethylsulfoxide(DMSO) and 4-step PROH, DMSO were used as cryoprotectant
and dehydration and rehydration method of embryos, and slow-cooling or rapid-cooling
method was used as frozen program. The survival rates of embryos were measured after
thawing and rehydration, and the developmental rates of embryos were compared and
observed during culturing embryos for 24, 48, 72, 96 hrs.

Results: As for the survival and development rates of embryos according to
embryonic stage, the survival rate of 2 cell stage in PROH and DMSO was significantly
higher than 4-8 cell ( 64.5% versus 62.1%, 79.7% versus 73.2%) (p<0.01, p<0.01), but
the development rates of 4-8 cell embryos in PROH and DMSO were significantly higher
than 2 cell embryos for whole culture period (p<0.01) and the development rates of 4-8
cell embryos in PROH were significantly higher than 2 cell embryos in DMSO (p<0.01).
As for the survival and development rates of embryos according to cryoprotectant, the
survival rate of 2 cell embryo in DMSO was significantly higher than that in PROH
(74.4% versus 64.5%) (p<0.01), whereas the development rate of embryos was not differ
till 24 hrs. The development rate from morular to hatching blastocyst, however, was
significantly higher in PROH than in DMSO during 48 hr (p<0.01). The survival rate of
4-8 cell embryo was 62.1% in PROH and 73.2% in DMSO. The development rates of
embryo in PROH were significantly higher for whole culture periods (p<0.01, 0.05). In
respect to the effect of freezing and thawing program on the survival and development
rates of embryos, method of slow cooling and rapid thawing was more effective than that
of rapid cooling and rapid thawing.

Conclusions: The survival rate of embryo in 2 cell stage was higher than in 4-8
cell stage, and PROH appears more effective cryoprotectant than DMSO because PROH
showed better development rates of embryos in 2 and 4-8 cell stage. Moreover, slow

cooling and rapid thawing method was considered as the best cryopreservation program.
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Table 1. Effect of cryopreservation by using of PROH on mouse embryo development

according to two different mouse embryo stages

development of embryo(%)
No. of No. of

No. of ;
cell recovered survival culture time
rozen .
stage embryo embryo 4-8cell< morulars blastocyst< hatching<
embryo ) 0 7 2 h r
(%) (%) 24hr 48hr  24hr 96hr  72hr
48hr
151(64.5) 125(82.
2 cell 246 234(95.1) N 8) 89(58.9) 50(83.3) 46(76.7)
4-8 cell 299 264(88.3) 164(62.1) 138(84.1)* 142(86.6)*

125(76.2)

“p<0.01

Table 2. Effect of cryopreservation by using of DMSO on mouse embryo development

according to two different mouse embryo stages

development of embryo(%)
No. of No. of

No. of .
cell recovered survival culture time
frozen .
stage embryo embryo 4-8cell< morulars blastocysts< hatching<
embryo 0 0 7 2 h r
(%) (%) 24hr 48hr  24hr 96hr  72hr
48hr
114(79.7)
2 cell 170 143(84.1) . 92(80.7) 34(29.8) 35(30.7) 23(20.2)
4-8 cell 163 149(91.4) 109(73.2) 73(49) 54(36.2) 38(25.5)

“p<0.01



Table 3. Effect of two different cryoprotectants on survival and development rate of 2

cell mouse embryo
No. of No. of No. of development of embryo (%)
cryoprotecta ' recovered survival i
’ IOnt frozen embryo embryo cultare me
embryo y y 24hr 48hr 72hr 96hr
(%) (%) (4-8cell<) (morulars) (blastocyst<) (hatchings)
Control 60 57(95.0)  55(91.7) 50(83.3) 46(76.7)
PROH 246  234(95.1) 151(64.5) 125(82.8) 89(58.9)* 88(58.3)* 80(53.0)*
DMSO 230 203(88.2) 151(74.4)" 122(80.8) 53(35.1) 53(35.1) 48(31.8)
"p<0.01

Table 4. Effect of two different cryoprotectants on survival and development rate of 4-8

cell mouse embryo
No. of No. of No. of development of embryo(%)
cryoprotecta ' recovered survival i
’ IOnt frozen embryo embryo culture fme
embryo y y 24hr 48hr 72hr
(%) (%) (morulars) (blastocyst<) (hatchings)
Control 40 40(100) 40(100) 36(90.0)
PROH 299  264(88.3) 164(62.1) 138(84.1)  142(86.6) 125(76.2)
DMSO 163 149(91.4) 109(73.2)"  73(67.0) 54(49.5) 38(34.9)

p<0.01, ~ p<0.05



Table 5. The development of 2 cell mouse embryos according to two different frozen

methods
No. of No. of No. of development of embryo(%)
' recovered survival i

Method frozen embrvo  embrvo culture time

embryo y y 24hr 48hr 72hr 96hr

(%) (%) (4-8cell<) (morulars) (blastocyst<) (hatchings)

Control 60 56(93.3)  53(88.3) 50(83.3) 48(80.0)
Slow 354  334(94.4) 250(74.8)* 209(83.6) 166(66.4) 111(44.4) 108(43.2)
Rapid 325 284(87.4) 9(3.2) 1(11.1) 0(0) 0(0) 0(0)

"p<0.001

- 10 -



1947 Chang14

Whittingham &  Wilmut'® 8-

12,16

DMSO

13
glycerol .

PROH, DMSO

12

. Lassalle PROH

24.5% , 2

PROH

- 19
Liu

Emiliani

23

10

- 11 -

15,16

PROH

10

64.5%, 4-8

21

22

1949 Polge15

1972

15,16

2 4.8

glycerol

53%, 4
62.1%



23

24

PROH, DMSO, glycerol sucrose -

2526 2, 4-8
PROH DMSO sucrose
.2 PROH
48 (p<0.01),
DMSO
. 4-8 PROH
, DMSO 48
PROH 2, 4-8 DMSO
2 DMSO PROH
Macas 2 PROH
Van-den-Abbeel 28
-0.3° -0.4 /min ‘7 -80
729 _gg
31_
32
2 4-8 (p<0.01)
4-8 (p<0.01)
: 2, 4-8 DMSO
(p<0.01) PROH DMSO
(p<0.01, p<0.05) 2, 4-8

PROH , -

- 12 -



1. Kerin JF, Warnes GM, Quinn PJ, Jeffery R, Kirby C, Matthews CD, et al. Incidence

of multiple pregnancy after in-vitro fertilization and embryo transfer. Lancet

1983;2:537-40.

2. Dawson KJ, Rutherford AJ, Margara RA, Winston RML. Reducing triplet
pregnancies following in vitro fertilization. Lancet 1991;337:1543-4.

3. Tucker MJ, Kort HI, Massey JB, Elsner CW, Mitchell-Leef DE, Toledo AA. How
many IVF transfer[letter]? Lancet 1991;337:1482.

4. Fehill CB, Cohen J, Simons RF, Fishel SB, Edwards RG. Cryopreservation of
cleaving embryos and expanded blastocysts in the human ; A comparative study.

Fertil Steril 1985;44:638-44.

5. Al-Hasani S, Diedrich K, van der Van H, Reinecke A, Hartje M, Krebs D.
Cryopreservation of human oocytes. Hum Reprod 1987;2:695-700.

6. Siebzehnruebl ER, Todorow S, van Uem J, Koch R, Wildt L, Lang N.
Cryopreservation of human and rabbit oocytes and one-cell embryos : a

comparison of DMSO and propanediol. Human Reprod 1989;4:312-7.

7. Whittingham DG, Leibo SP, Mazur P. Survival of mouse embryos frozen to -196 and
-296 . Science 1972;178:411-4.

8. Todorow SJ, Siebzehnrubl ER, Koch R, Wildt L, Lang N. Comparative results on
survival of human and animal eggs using different cryoprotectants and freeze-thawing
regimens. |I. Mouse and hamster. Hum Reprod. 1989;4:805-11.

9. Szell A, Zhang J, Hudson R. Rapid cryopreservation of sheep embryos by direct
transfer into liquid nitrogen vapour at -180 degrees C. Reprod Fertil Dev.

1990;2:613-8.

10. Trounson A, Mohr L. Human pregnancy following cryopreservation, thawing and
transfer of an eight-cell embryo. Nature 1983;305:707-9.

11. Zeilmarker GH, Alberta AT, Van Gent |I. Two pregnancies following transfer of intact
frozen-thawed embryos. Fertil Steril 1984;42:293-296.

12. Lassalle B, Testart J, Renard JP. Human embryo features that influence the
success of cryopreservation with the use of 1,2 propanediol. Fertil Steril

1985;44:645-51.

13. Cohen J, Somons FR, Edwards RG, Fehilly CB, Fishel SB. Pregnancies following the

frozen storage of expanding human blastocytes. J IVF ET 1985;2:59-64.

14. Chang MC. Normal development of fertilized rabbit ova stored at Ilow

- 13 -



temperature for several days. Nature 1947;159:602.
15. Polge C, Smith AU, Parkes AS. Retrieval of spermatozoa after vitrification and
dehydration at low temperatures. Nature 1949;164:666-76.
16. Wilmut L. The effect of cooling rate, warming rate cryoprotective agent and
stage of development on survival of mouse embryos during freezing and thawing.
Life Sci 1972;2:1071-9.
17. Fuller BJ, Bernard A. The relationship between intracellular glycerol permeation and
survival following cryopreservation of in vitro fertilized 2-cell murine embryo.
Cryo-Letters 1986;7:257-259.
18. Gook DA, Osborn SM, Johbston WIH. Cryopreservation of mouse and human
oocytes using 1,2-propanediol and the configuration of the meiotic spindle. Hum
Reprod 1993;8:1101-9.
19. Liu J, Van den Abbeel E, Van Steirteghem AC. Assessment of ultrarapid and slow
freezing procedures for 1-cell and 4-cell mouse embryos. Hum Reprod.
1993;8:1115-9.
20. Emiliani S, Van den Bergh M, Vannin AS, Biramane J, Englert Y. Comparison of
ethylene glycol, 1,2-propanediol and glycerol for cryopreservation of slow-cooled
mouse zygotes, 4-cell embryos and blastocysts. Hum Reprod.
2000;15:905-10.
21. Whittingham DG. Principles of embryo preservation. In: Ashwood Smith MJ, Farrant J.
editor. Low Temperature Preservation in Medicine and Biology. Pitman Medical,
Tunbridge Wells; 1980;65-83.
22. Renard JP, Bui-Xuan Nguyen, Garnier V. Two-step freezing of two cell rabbit
embryos after partial dehydration at room temperature. J Reprod Fertil
1984;71:573-80.
23. , )
1991;34:1400-9.
24. Fahy LE. The relevance of cryoprotectant "Toxicity” to cryobiology. Cryobiology
1986;23:1-13.
25. Schneider U. Cryobiological principles of embryo freezing. J IVF ET 1986;3:3-9.
26. Testart J, Lassalle B, Belaisch-Allart J, Hazout A, Forman R, Rainhorn JD,
Fryman R. High pregnancy rate after early human embryo freezing. Fertil Steril
1986;46:268-72.
27. Macas E, Xie M, Keller PJ, Imthurn B, Rulicke T. Developmental capacities of

two-cell mouse embryos frozen by three methods. J IVF ET 1991;8:208-212.

- 14 -



28. Van-den-Abbeel E, Van-der-Elst J, Van-Steirteghem AC. The effect of
temperature at which slow cooling is terminated and of thawing rate on the
survival of one-cell mouse embryos frozen in dimethyl sulfoxides or
1,2-propanediol solutions. Cryobiology 1994;31:423-433.
29. Willadsen S, Polge C, Rowson LEA. The viability of deep-frozen cow embryos.
Reprod Fertil 1978;52:391-3.
30. Polge C. Willadsen SM. Freezing eggs and embryos of farm animals.
Cryobiology 1978;15:370-3.
31. Mazur P. Kinetics of water loss from cells at subzero temperatures and the
likelihood of intracellular freezing. J Gen Physiol 1963;47:347-69.
32. , , , , , , . EFS
/ . 1998;25:87-92.

- 15 -



