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SUMMARY

These experiments were carried out to examine the effect of rapid thawing (500°C/min)
on the survival of 8-cell mouse embryos cooled slowly (0.5-1°C/min) to precooling temperatures
between -10 and -70C before direct transfer of embryos to ~196°C, and to compare the survival
of embroys thawed slowly (20°C/min) and rapidly (500°C/min) after in vitro culture. In addition,
the sensitivity of 8-cell mouse embryos to the rate of addition and removal of cryoprotectant at
room temperature, and the effect of developing stages on the survival of embryos frozen-thawed
slowly were investigated.

The results obtained were summarized as follows:

1. Embryos were survived in rapid thawing (500°C/min) only when slow cooling was terminated

at relatively high subzero teperature (-20 to -60°C). The highest survival rate(77.0%) in in vitro

culture of embryos thawed rapidly was obtained after transfer t0—196°C from -40C.

2. For the survival of embryos in slow thawing (20°C/min.), slow cooling to lower subzero
temperature (-50°C and below) was required before transfer of embryos to ~196°C. These
results indicate that embryos transferred to -196°C from high subzero temprature contain
much interacellular ice to damage them during slow warming but to permit survival of
embryos after rapid warming.

3. The Survival rate (72.7%) of 8-cell mouse embryos after rapid addition and removal of cryo-
protectant, DMSO at room temperature was similar to that (83.9%) after slow addition and
removal of cryoprotectant at same temperature.

4. The survival rates of 1-, 2-, 4- and 8-cell embryos frozen-thawed slowly were 26.7, 76.4,

70.0 and 83.9%, respectively.
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Table 1. Effect of developing stage on the frozen-thawed mouse embryos

Developing stage No. of embryos No. of embryos No. of embryos Survival
of embryos frozen recovered developed to rates
morula %
1 —cell 64 60 16 26.7
2 —cell 76 72 55 76.4
4 —cell 52 50 35 70.0
8 —cell 66 62 52 83.9
Table 2. Surval of 8- cell mouse embryos cooled slowly before transfer
to-196°C and then thawed slowly (20°C/min)
Pre-cooling No. of embryos No. of embryos No. of embryos Survival
temperature frozen recovered developed to rates
°C %
-10 76 72 0 0
—20 80 76 0 0
—30 76 72 0 0
—40 86 84 2 9.5
—50 88 84 40 47.6
—60 90 86 48 55.8
—70 99 93 78 83.9
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Fig. 1. Effect of Preliminary cooling

temperature and thawing method on

the survival of §-cell mouse embryos.

Survival of 8-cell mouse embryos cooled slowly before transfer

to-196°C and then thawed rapidly (500°C/min)

Pre-~cooling No. of embryos No. of embryos No. of embryos Survival
temperature frozen recovered developed to rates
°C morula %
—10 80 72 4 5.6
—20 76 72 28 38.9
—30 76 71 44 62.0
—40 80 74 57 77.0
—50 80 72 44 61.1
—60 75 70 27 38.6
—70 85 80 15 18.8
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Effect of DMSO addition and removal method on the survival

of frozen-thawed 8-cell mouse e mbryos

No. of embryos No. of embryos Survival
Addition Removal recovered developed to rate
after freezing morula %
Slow® Slow*® 62 52 83.9
Rapid® Rapid® 66 48 72.7
Slow Rapid 65 35 53.8
Rapid Slow 60 25 41.7
note) a) Three stepwise addition or removal

b) Single addition or removal.
i PR e HAE glel
o] AEmMkols Kol
e 1 Hdedg o AEHk
. Whittingham % (1979) & oleigt @4t&,
=59 HHEA

2

& F&

st

9] (re~hydration) ©] 238k w&d

2259,

—40°C7t=] sk=tsiA &

A A A 9—74 BESHA =
4o F4e ol %4

(re-assembly) &

w

}\

2T 8 ~20°C/min) &3l
-?:?4{'5]'7(] ub F4-8HA(275~500° C
WHE 2L S UL A

coll = v]xx E3ko} (Whitingham %, 1979).

4. DMSOZ2| M7} 9 w7y}

MEY

szt

DMSO+& = =l o] S4ufFoll ol A
7t g Ae sste Aol ez sojgich 2y
Miyamoto % (1980) 2 3o 8 —fipaiic & 4
&7 Holl 30°Cell4] 1.5M 9 DMSOel 0.5%7
Z2AZ ol s E7oln 54 - Fol 45%2 A
8<% drtz &} = Kasai % (1981)% 43
ZEMES A$, 1.5M9 DMSOE &fg nEolo
2 20°CollA BEE sl 50% ol4e] 12417 o]
A AEa 9AE Alddledle 24417 ol A
Hckn sheict, & Aldallde A5 8-HERIIT &

o] el ofsted ok 4 9l wpsh Zol, hrbz}-

~ bR A o) s AEEL 83.9%% 20 F
SR -FEHEAAA Y 2R 72.7%2A =
ol e chzo] 2 ALES Art oA

Ae e Wyoz AHE AAg Whlttlngham

% (1979) 9 56.3%2F 61.6%¢°l ] 5tod uu - A
Holion Aol zbol7} Ao}
# 3 Aeldd

ol4sl A%se

F]O rlo
2

F3sted 2AF = DMSO 9

57, #5545 58 o DMSO9
SAAYY 2 2L U WS AAe W

N & B

A RS KETHIMY miERTF L3 Kl
S 55T Aoz At 8 Ml
AZES fEEt sl {28HIAR of Zulmez, ol A
o] DMSO9| A by &o] ks - RiARkS] £
tholl mlxle whg 2ANE I FAlol whadsbA W
%Ké% 7AEsle] g3 e AnE Adch

. RRRNHS - AR BRRRTE 1—, 2—, 4~ W 8-
ﬂﬂﬂ@kﬁ FHuie] JEEE 727 26.7, 76.4, 70.0
3 83.9% %}

2. WfwikERIS 7 40, —50, —60 % -70°C
A2 ole] @Bigam ko] AR AE2EL 747 9.5,
47.6, 55.8 o 83.9%% 2w —30°C ol Aol A& 4

- 120 -



Aeke] MEo] QJA SR Wkt

3. duEALE} —10, —20, —30, —40, —
50, —60 B —70°Cd wi, F5EFHF Az
AEge 747 5.6, 38.9, 62.0, 77.0, 61.1, 38.6
3 18.8% %t}

4. FHNA DMSO2| Hrtel AAue] gl
Al -giutAl A me Ay} -FEAA, F5H
Fh-FEAA, TS - A AA S AR
747} 83.9, 53.8, 72.7 Y 41.7%3ich

]

REFERENCE

1. Bank, H. and R.R. Maurer. 1974. Survival
of frozen rabbit embryos. Expl. Cell Res.,
89:188-196.

J.D., W.K. Whitten, and D.G.

Whittingham. 1971. The culture or mouse

2. Biggers,

embryos in vitro. In Methods in Mammalian
Embryology. pp. 86-116. Ed. J.C. Daniel,
Jr. W.H. Freeman & Co., San Francisco.

3. Elsden, R.P. and G.E. Seidel, Jr. 1982,
Embryo transfer procedures for cattle.
Theriogenology, 14:251-256.

4, Kasai, M., K. Niwa and A. Iritani, 1981.
Effects of various cryoprotective agents on
the survival of unfrozen and frozen mouse
embryos. J. Reprod. Fert, 63:175-180.

5. Leibo, S.P., P, Mazur and S.C. Jackowski.
1974. Factors affecting survival of mouse
embryos during freezing and thawing, Expl.
Cell Res., 89:79-88.

6. Leibo, S.P. 1977. Fundamental cryobiology
of mouse ova and embryos. In The Freezing
of Mammalian Embryos (Ciba Fndn. Symp.
No. 52). pp. 69-92. Eds. K. Elliott and J.
Whelan. Elsevier North Holland, Amsterdam.

and T. Ishibashi. 1980.

Effects of the time and temperature of

7. Miyamoto, H.

exposure to dimethylsulphoxide rat em-
bryos. Jpn. J. Zootech. Sci., 51(10):728-
733.
8. Miyamoto, H. and T. Ishibashi. 1983.
Survival of mouse embryos frozen-thawed

slowly or rapidly in the presence of various

10.

11.

13.

14,

15.

16.

17.

18.

19.

- 121 -

. Miyamoto, H.

protectants. J. Expl. Zool., 226:123-127.
and T. Ishibashi. 1984.
Survival of epididymal spermatozoa of the
goat and sheep, and mouse and rat embryos
after direct transfer into liquid nitrogen
from preliminary freezing temperatures.
Jpn. J. Artf. Insem,, 6(1):1-3.

Polge, C. and S.M. Willadsen. 1978. Freezing
eggs and embryos of farm animals. Cryobi-
ology, 15:370-373.

Tsunoda, Y. and T. Sugie. 1977. Survival
of rabbit eggs preserved in plastic straws in
liquid nitrogen at different developing
stages. Jpn. J. Anim. Reprod., 25(4):189-
193.

Tsunoda, Y., T. Soma and T. Sugie. 1981.
The survival of rabbit morulae preserved in
liquid nitrogen after rapid thawing. Jpn. J.
Anim. Reprod., 27(3-4):157-160.
Whittingham, D.G. 1971. Culture of mouse
ova. J. Reprod. Fert., Suppl. 14:7-21.
Whittingham, D.G., S.P. Leibo and P.
Mazur. 1972. Survival of mouse embryos
frozen to -196°C and -269°C. Science.
178:411-414,

Whittingham, D.G., M. Wood, J. Farrant,
H. Lee and J.A. Halsey. 1979. Survival of
frozen mouse embryos after rapid thawing
from -196°C. J. Reprod, Fert., 56:11-21.
Willadsen, S.M. 1977. Factors affecting the
sruvival of sheep embryos during freezing
and thawing. In The Freezing of Mammalian
Embryos (Ciba fndn. Symp. No. 52). pp.
175-189. Eds. K. Elloitt and J. Whelan.
Elsevier North Holland, Amsterdam.
Willadsen, S.M., C. Polge and L.E.A. Row-
son. 1978. In vitro storage of cattle em-
bryos. In Control of Reproduction in the
Cow. Ed. J. Sreenan. European Economic
Cummunity, Luxembourg.

Wilmut, I. 1972, The effect of cooling rate,
warming rate, cryoprotective agent and
stage of development on survival of mouse
embryos during freezing and
Life Sciences, 11:1071-1079.

thawing.



