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Table 1. Effect of the rate of cooling and warming between
room temperature and 0°C on the development of mouse embryos .
stored at 0°C for 60 min.

Coo]1ng rate warg1ng rate . No of embryos ‘
(°C/min) ( C/an) Cooled Recovered Developed to
: expanded
blastocyst
(%)*
0.25 12 25 25 24 ( 96)
210 25 - 25 25 (100)
0.5 12 20 20 19 ( 95)
210 20 18 17 ( 94)
2.0 A 12 30 29 26 ( 90)
\ a0 30 27 23 ( 85)
40 12 30 29 ( 90)
210 32 30 30 (100)

* Percentage of recovered embryos.
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Tab]e_2. Survival of mouse embryos stored for various periods at ZOOC in PBS
with and without cryoprotective agents. ‘

Medium ~ puration No. of embryos
| stogzge Stored Recovered Morphologically Developed to ex-
(hr) _ normal panded blastocyst
(%)* (%)*
s 6 15 - 14 14 (100) 14 (100)
' 12 20 20~ 20 (100) 0 (100)
24 20 20 0 (100) 19 ( 95)
48 30 28 28 {100) 8 ( 29)
| 72 30 30 8 ( 93) 2 (7N
PBS+1,5M-DMSO 6 15 15 5 (100) 14 { 93)
12 28 25 25 (100) 15 { 60)
24 28 22 21 ( 95) 0 ( 0)
PBS+1.5M-EG 6 15 15 15 (100) 15 (100)
12 20 19 19 (100) 18 ( 95)
24 20 20 20 (100) ( 70)
48 20 19 19 (100) 1( 5)
72 20 20 20 (100) 1( 5)
PBS+1.5M-Gly- 6 15 15 15 (100) 14 ( 93)
cerol 12 20 19 19 (100) 17 ( 89)
24 20 20 20 (100) 15 ( 75)
48 20 20 19 ( 95) 1( 5)
72 27 26 26 (100) 1( 4)
PBS+1.5M-DMFA 1 25 25 25 (100) 19 ( 76)
19 18 18 (100) 0 ( 0)
. 20 20 20 (100) 0 ( 0)
12 20 20 11 ( 55) 0 { 0)

* Percentage of recovered embryos.
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Fig. 1. Survival of mouse embryos stored for various periods at ZOOC

in PBS(O) and PBS containing 1.5 M-OMSO{A), EG(®), Glycerol(s) or DMFA
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Table 3. ‘Survival of mouse embryos stored for various periods at 0°C in PBS
v_wjth and without cryoprotective agents.

Mediuh _ Duration . - : . No. of embryos :
‘ " sto?de Stored Recovered Morphologically Developed to ex-
(hr) N o ~ normal . panded b]astocyst

Lo S (%)* (%)* .

PBS - 6 30 28 26 (93) 26 ( 93)
12 25 24 24 (100) 17 ( 71)

24 25 25 25 (100) 11 ( 44)

48 35 33 . - 32(97) 3( 9)

72 - 25 25 13 ( 52) 2 ( 8)

PBS + 1.5M-DMSO 6 15 14 14 (100) 14 (100)
12 20 20 20 (100) 11 ( 55)

24 26 26 25 ( 96) 0( 0)

PBS + 1.5M-EG 6 15 15 ~15-(100) 14 ( 93)
12 20 20 20 (100) 19 ( 95)

24 33 32 - 31(97) 8 ( 25)

48 - 28 27 27 (100) 7 ( 26)

72 20 19 18 ( 95) 1( 5)

PBS + 1.5M-G1y- 6 15 15 15 (100) 15 (100)
cerol 2 2% 2 24 {100) 9 ( 38)
26 - 33 31 30 ( 97) 15 ( 48)
48 30 29 20 ( 69) 10 ¢ 34)

72 20 18 12 (67) ¢ ( 0)

PBS + 1.5M-DMFA. | 20 20 20 (100);1., 15 ( 75)

20 20 20 (100) 4 ( 20}
21 19 19 (100) 0 0)
12 22 22 27 (95). o oG (0)
0

24 22 22 7 { 32)

* Percentage of recovered embryos.
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Fig. 2. ~ Survival of mouse embryos stored for various periods at 0%

in PBS(O) and PBS containing 1.5 M-DMSO(4), EG(®), Glycerol(4) or DMFA (D).
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Table 4, Effect of seeding on the development of
mouse morula embryos after rapid freezing to -20°%.

Tfeatment ' No. of embryos
o Frozen Recovered Developed to
' . expanded
blastocyst
(%)
Seeded at -4°C 75 63 57 (90)
. Without seeding - 55 54 13 (24) .
Control” _ - 80 77 (96)
* Percentage of recovered embfyos.
+ Embryos were cultured without cooling.
Table 5. Effect of the temperature at which ice formation

was induced on the development of mouse morula embryos frozen
to -20°C. '

Seeding ‘ . No. of embryos

tem?85§t”re Frozen Recovered Developed to
expanded
blastocyst
(%)
Y A 74 70 62 (89)
- =9 81 ‘ 72 41 (57)
s =12 77 68 . 20 (29)
-12* 48 48 24 (50)

% Percentage of recovered embryos.

+ As soon as ice formation was induced, samg]es were trans-
ferred to -49C ethanol bath cooled to -20°C at 1°C/min.
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Table 6 Survival of mouse morula embryos after freezing to
various temperatures at different cooling rates.

- Cooling  Freezing o No.of embryos |
(OE?;?H) ‘temp?Eggure “Frozen Recovered Developed to
o ' expanded
’ ' blastocyst
()
0.25  -20 50 49 47 (9)
S50 . 50 50 48 (96)
=75 .- 50 50 . 49 (98)
-196 74 - 68 - 45 (66)
.00 - =20 64 6l 55 (90)
| =50 52 5] 43 (84)
~75 . 63 61 - 59 (97)
| -196 Cos4 52 32 (61)
5.0 -20 53 52 50 (96)
-30 51 50 44 (88)
-40 42 47 - 31 (76)
50 59 . 59 45 (76)
-60 53 52 24 (46)
-75 73 69 24 (35)
| -196 29 29 5 (17)
10.0 - -10 52 - . 51 48 (94)
. -20 58 56 a8 (86)
-30 70 68 34 (50)
-40 A 70 33 (47)
50 55 51 16 (31)
-60 . 55 S 1(2)

7553 50 - - o0(o0)
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. Table 7, In vitro survival of frozen-thawed mouse morula
embryos after rapid cooling to -75°C from various temperatures.

Temperature - No.of embryos
from which .
o . g1 Frozen Recovered Developed to -ex-

coo]edorap1d1y ' ' panded blastocyst
(%) o - @
-20 54 | 51 1(2)
30 . - 82 o860 2 (03)
-40 o 59 58 - 22 (38)
=50 . 80 . . 49 42 (86) -
-60 ) 52 - b2 o _43,(83).
S 61 *59'(97)

Embryos had been cooled at a rate of 1 C/m1n before rap1d‘
~cooling. : .

% percentage of recovered embryos.
-+ Embryos were cooled to -75% at IOC/min.
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Table 8. Effect of the time held at -50°C before rapid cooling
to -75°C on the development of frozen-thawed mouse moru]a embryos o

in v1tro
Time held - = ° - No.of embryos
at -50°c * . : .
(min) Frozen Recovered Developed to ex-
) ' "panded blastocyst
(B
0 : 68 . 67 o 3( 8
: , j 69 - 66 - -9 (14)
30 127 122 By 76 (62)
60 - 169 . 167 - S 98 (59)
90 7 -8 2 .. 43 (60)
120 . . 6 - 67 - 49(73)

180 .40 40 24 (60)

* Percentage of recovered embryos. |
+ Embryos had been cooled to -50°C at 5°C/min.

BE-MEIEE mé CEAWMEESL G
n%é ot ¥aR%ICLREL. Z0E
3 -50°C T MEIZEER] K 180 A 3 T zé&t
T 65 hBE 13308 L4L5_(6O~73%) 5 -
(th 6—-6 o

fFERR Mok NEFB T M EIB R 2 & 4 Solution
effects »@f 7 WM E BE a:&ti‘?%iﬁ} E L5
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B o 10 -75°C 3 2 BZENL T 4R % (. FRE569 .2
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Table 9. Survival of frozen-thawed mouse morula embryos
after storage at -25, -50 and —7500 for various periods,

Storage Duration No.of embryos

temperature of storage i en Recovered Developed to
(°c) expanded
blastocyst
(%)%
25 . 1h 50. . 47 46 (98)
6 h 51 51 31 (61)
T2 h 58 51 2 (&)
24 h 52 52 0 ( 0)
7 days 40 32 0 ( 0)
-50 - Th 55 53 51 (96)
| 26 h 56 55 48 (87)
3 days 56 55 40 (73)
7 days 48 47 24 (51)
14 days 60 59 3 (5)
30 days 60 58 0 ( 0)
-75 1h 53 51 50 (98)
24 h 74 69 52 (75)
3 days 55" 51 39 (76)
7 days 60 56 45 (80)
14 days 65. 59 42 (71)
30 days 45 41 30 (73)
90 days 30 - 28 18%(64)

* Percentage of recovered embryos.
+ Including early blastocysts developed after 20 hr in culture.
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Explanation of Fig. 6.

A1l the mouse eggs were photographed under a phase-contrast microscope

with a x10 ocular and x]O objective. A1l magnification x160.

a. A grouprof moruTe embryos just after thawing. Embryos had been cooled
‘to';75°C at 0.25%C/min and stored in 1fqu1d'nitrogen. There are five
morpho]ogical]y normal‘embryos and one damaged embryo..

b. A group of embryos cultured in vitro for 48 hr after thawing Embryos

" had been cooled to -750

C at 0.25 O¢/min and stored in liquid n1trogen
There are six morpholog1ca11y normal blastocysts and one shrunken
embryo,

'c.- Four embryos just after fhawing.>Embryos had been cooled to -50%C at
59C/min andrimmédiate]y cooled to -75°C rapidly. A1l the embryoe Took
injured. | '

-d. A group of embryos cultured for 48 hr after thawing. Embryos had been
cooled to -50°¢ at 5%C/min, held at ~50°C for 5 min and then cooled
to -75°¢C rapidly. ATl the‘embryos'are atretic within the zona oe11ucida.

e. A group of embryos just after thawing. Embryos had been,coo1ed to -50°¢
at 5°C/min, held at -50°C for 60 min and then cooled to -75%C rapidly.
There are five morpho]ogica]]yfnorna1 morulo embryos and one damaged
embryo : o

f. A group of embryos cu1tured for 48 hr after thawing. Embryos had been
coo]ed to -50°C at 5° C/m1n, held at -50°C for 120 min and then cooled
to -75°C rapidly. There are four expanded b1asfooy5ts and one degener-

ated embryo.
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Table 10, Effect of BSA in the freezing medium on
the survival of mouse embryos after freeze-thawing.

BSA ) - No. of embryos

con%;n};$§jon Frozen - Recovered - Developed to
g k - ' expanded
biastocyst
0 57 48 29 (60)
0.3 59 54 38 (70)
- 3.0 46 45 - 35 (78)
30.0 45 41 24 (59)

" * percentage of recovered embryos.

Table 11, Effect of egg yolk 1n-the‘freezing-medium,qn
‘the survival of mouse embryos after freeze-thawing.

Concentration No. of embryog_

- of %g? %§1k © Frozen Recovered ~ Developed to
Vive) ' expanded
blastocyst
0% 6 - 62 41 (66) -
5 68 60 38 (63)
10 . - 67 Y ‘ 38 (62)

20 73 - 69 44 (64)

* Percentage of recovered embryos.
*% 3mg/mi -of BSA was added to the medium.
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Table 12. Effect of rap1d warm1ng to various temperatures

- from -196 C on the surv1va1 of frozen mouse. embryas. o

Temperature o No. 0f émbryos
- to w?;c?d¥armed Frozen Recovered Developed to
(gC)LX : _ expanded
‘ - blastocyst -
(%)*

" Control*+ 54 52 35 (67)
75 B2 47 32 (68)
-25 48 45 31 (69)
-10 41 39 27 {69)

0 56 53 27 {51)
30 45 38 4 (1)

* Percentage of recovered émbryos.

**.Embryos‘were warmed slowly from -19606.
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Téb]e 13.  Effects of DMSO concentration and thawing rate cn survival of mouse
morula embryos frozen rapidly.

Thawing ~ DMSO . No.of ~ No.of = No.of embryos . -No.of embryos

rate conc. ~ embryos- - embryos - - morphologically normal developed to
(°c/min) (M)» N frq;en 'recovered“ Just after After removal fg}j %xpanged
' : thawing =~ of DMSO* astocysts
(%)+ (%)+ after 48 h in
7 _ h culture {%)+
25 1.0 62 61 0o(0) - _
1.5 62 61 - 22 (36) 9 (15) . 2 ( 3)
2.0 62 ‘56 43 (77) 25 (45) 9 (16)
2.5 . 62 .59 41 (69) 21 (36) 7 (12)
360 1.0 62 - 59 32 (54) 21 (36) 10 (17)
1.5 62 58 51 (88) 35 (60) 21 (36)
20 62 /55 48 (87) 38 (69) 29 (53)
) 18 (32)

2.5 62 57 52 (91) 28 (49

* Embryos were examined 1-2 h after cultivation.
+ Percentage of the"number of recovered embryos.
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e $2 2.3 Table 14 = JF. L R, 3t 357 18«
REze B UL 3 W, Z o >t 32248(30%) »* 5irdE
BT feen - E® 2R~ =, DMSORR 2 2 0 7%
REey =~ E% AL~ B(& 3. DMSOW £ % E oz 4
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35 s g ABRMHELEICTH 2 T
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- Table 14.  Effécts'bf-différeht procedukes'of removing DMSO on survival of"
- mouse morula embryos frozen and thawed rapidly in the presence of 2.0 M-DMSO,

_Procedures  No.of No.of" No.of embryos . No.of embryos
of removing embryos - embryos morphologically normal developed to
M )
DMSQ frozen recovered Just after After removal full expanded
: : . blastocysts
thawing ~of DMSQ** £ 48 h in-
(%)+ (%)'I' after in
‘ culture (%)+
A 62 A59_ 55%(93) 7 37 (63) 22 (37)
B 62 60 58%(97) - _ 51 (85) - 42 (70)
C 62 61 - B7 (93) 54 (89) : 0 (82)
D .62 58 50 (86) 38 (66) 23 (40)
E 62 55 47 (85) 43 (78) 0 (55)
F o )

68 64 55 (86) 33 (52) 0 (3

* See text for the detailed procedures.
- ** Embryos were examined 1-2 hr after starting of cultivation.
+ Percentage of recovered embryos ‘

* Morphological normalities were examined after d11ut10n of DMSO and just
-~ before washing of the embryos :

B & 2.0M-DMSO + 0.5M-Sucrose&m PBS 3 J
w O\‘;M—'Sucr‘os_e s 7o PBS N NB-RFE L TR A
(| 2R A (C22:89%) o % »0, Btk o 5 T
0.5M-sucrose o o h )= 0.25M-NaCl £ 1A - R
h & (Da%\:' 66%) L ) b & EHIT 0.5M-Su-
Crose 2 A LPBS PAFS L T 2 L A (Ex
I8 %).n H o Sucrose® @ I T v PBS ¥ A ATE
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. B (T0%) Lol =HAEE 3L 67T o0
> B (X2 RRIE), |

BB LB 3. ICRAE <2 ¢ F JEHREE (
ICRR x GH/He 8) & kB it A RkehE 1 ¢,
CZ e a2 OMSOREPR EZ L 2, Table 15 1= 7.1
4> Recipienl 1 & 21021203 . 20~
2435 Pk & ( 7 BlasTocyst 3 A% L = 648

Table 15. 1In vivo development of mouse morula embryos frozen-
thawed rapidly.

Recipient Treatment No.of embryos No.of Tive

transferred young (%)
1 Cultured for 20-24 h 13 2 (15)
2 Cultured for 20-24 h 13 9 (69)
3 Without culture 14 4 (29)

Total 40 15 (38)
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7.

Litter of two F] hybrid and six ICR mice born from an ICR foster mother
who received six F]hybrid and seven ICR blastocysts that had developed
in vitro from morula embryos thawed after storage at -196°C.

Litter of one F] hybrid and one ICR mice born from an ICR foster mother '
who received six F] hybrid and seven ICR blastocysts that had developed

in vitro from morula embryos thawed after storage at -196°¢
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Fig. 11. Appearance of unfefti]ized mouse oocytes suspended in medium

containing cryoprotective agents.
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Explanation of Fig. 11.

All the.oocytes were photographed under a dissecting microscope with a x20

ocultar and x4-objective. A1l ‘magnification X 31.

a. Oocytesrsusp;nded %n PBS‘before treatment.

b Obcytgséqspgndeﬁ in PBS containing 1.5 MfDMSOMfor-S min at 0°C.

c. Qocytes sugpeﬁded in-PBS containing 1.5 M-DMSO for 30 min at 0°c.

d- Oocytes suspended in PBS containing-1.5 M-EG for 30 seconds at 3090.
e. ..Oocytes suspgﬁded in PBS containing 1.5 M-EG for_5jmin'at 30°c.

f. 00cytg§ gusﬁended‘in.PBS containing 1.5 M-G]ycero]ifor 60‘min at 0°cC.
g. Oocytes suspended in PES contaihing 1.5 M-G]ycero1.for 25 hr at 0°C.
h. Qocytes éuspehded in PBS coﬁtaining 1.5 M-Glycerol for € dﬁys at 0°c.

i. Oocytes suspended in PBS containing 1.5 M-DMFA for 60 min at 30°c.
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Table 16. ° Survival of mouse unfertilized ova transferred
to PBS at 30°C and 0°C after storage in PBS containing various
cryoprotective agents for 60 min at 30°C.

Temperature Cryoprotective No. of embryos
‘ (??gn;)_ - Treated  Morphologically

normal (%)
0% DMSO 14 0 ( 0)-
EG 4 -0 ( 0)

Glycerol 14 0 ( 0)

DMFA o148 14 (100)

30%  oMso 15 9 ( 60).
EG ) 5 12 ( 80)

Glycerol 14 0( 0)

DMFA 14 .14 (100)

T ZNTNEBO K d W 0% NEBFE B L nE

I %# | |
A EE b 7. 1.EMn DMSO, EG & 3 (-
13 Glycerol 2 LG PBS F 2 p 3 £ %437 ¢ =
FREE b n o3 gL, % AB. LA
mﬁﬁtbbn@ﬁiﬂﬁﬁé;twﬁﬁz
NE, CNa. HRGMERR =3 2K I n
Eanfm AR B 8 AT R B o 1%'>§ L & C k& T
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Table 17. Recovery and fertilization in vitro of frozen-thawed rat eggs.

Duration No.of No.of Time Oﬁ ~ _ No. of eggs .
mﬂo1mao eggs  normal eggs examination Penetrated Undergoing Fertilized Penetrated
at -196°C  frozen after _ {br after (%)% fertilization (%)% with
(days) thawing  insemination) (%) #* abnormality
(%) (% )+
6-91 240 58(24) 5 42(72) 28(67) - 14(33)
180 100 14{14) 26 13(93) 1( 8) 4(31) 8(62)
* Parcentage of normal eggs after thawing.
*k wm1nm=ﬂmmm.0ﬁ total number of penetrated eggs.
Table 18. Polyspermic penetration in vitro of frozen-thawed
rat eggs.
ommwwwmz Total With more than With n sperm in vite-
at -196°¢ one sperm in 1lus (polyspermic)
perivitelline _ Z -
Aam%mu_ . space (%) Total(%) n=2 n=3 n=4
6-91 42 - 17(40) 26(62) 18 2 6

180 13 4(31) 11(85) 4 3 4
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FUGls U725 Phase-contrast photomicrographs of frozen-thawed rat tubal oocytes
inseminated in vitro with epididymal spermatozoa.
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Explanation of Fig. 12.
A1l the eggs were photographed after being stained with ]aémbid under a

“phase-contrast microscope with a x10 ocular and x40 objective. A1l magnifi-

cation x 609.

a. . A normal egg thawed aftér storage in Tiquid nitrogen for 6 days, exposed
to capacifated epididymal spermatozoa and examined 5 hr later. It had |
an enlargéd sperm head, fert11izihg sperm tail, the 2nd polar body and
female condensed chromatfn. A few spermatozoa penetrated into the peri-
vife]]ine'spacé aré visible. |

b. A nOrmaT eqg thawed after storage in liquid nitrogen for 91 days, exposed
to cépacitated spermatozoa and examiﬁed 5 hr later. It had male pronucleus
with a fertilizing sperm tail, female pronucleus and the 2nd polar body.

C. An egg penetratéd with abnormality when it was thawed after storage in
Tiquid nitroéen for 27 days, exposed to capacitated spermatozoa and-exam-‘
ined 5 hr 1ater. It had male and female pronuclei, and the 2nd polar body,
but it is exhibiting a rough—appearing vitellus.

d. An eqg penetrafed with abnormality when it was thawed after storage in
1iquid nitrogen for 91 days, exposed to capacitated spermatoioa and exam-
ined 5 hr later. It had enlarged sperm head and vitelline appearance is
normal, but female pronuclei are dispersing.

e. A normal. 2-celled egg thawed after storage in Tiquid nitrogen for 180
days, exposed to capacitated spermatozoa and examined 26 hr later. It
had nuc]eu§ in each b]éstomere, a fertilized sperm tail and the 2nd polar
body. |

f. An egg penetrated with abnormality when it was thawed after storage in
liquid nitrogen for 180 days, exposed to capacitated'spermatozoa and
examined 56 hr-1ater. It is exhibiting a shrunken vitellus and many

spermatozoa are penetréting into the perivitelline space.
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Table 19 In vitro maturation of mouse f0111cu1ar oocytes after cooling to
0° and -196°¢.

Treatment No.of No.of No. of normal No.of No.(%)** of oocytés at
ococytes oocytes oocytes after oocytes stage of
* T . -

~ treated recovered culturg,(%) examined oy M1 M2
Control s 283 - 270 (95) 225 8( 4)  59(26) 157(70)
Cooled 105 - 98 91 (93) 82 8(10) 20(24) 51(62)
(0°) — " o -
Frozen 207 186 60 (32) . 60 5( 8) 20(33) 20(33)
(-196°C) - | ' o

* Percentage of recovered oocytes.
** Percentage of oocytes examined.
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Table 20. Fertilization in vitro of frozen mouse oocytes matured in culture.
Treatment Conc.of No.of No.of No.of normal No.of No.of oocytes unpenetrated(%)** No.of
(ol) trested recovered  fulture | evamned O M W At  oobies
(%)% | (%)**
Contro]l - - 197 195 (99) 175 ( wv A_MV Amwu ( Mv | Ammv
Cogted 0 158 150 144 (96) 116 (2 8 (39 (9 (30)
Frozen 0.5 132 119 11 ( 9) 10 awv aw: :mv ( mv ( wg
1.0 130 113 16 (14) L ( WV va awv ( mu ( r
1.5 521 481 121 (25) 114 ( N: ﬁwmv Amwv ( r S Mv
2.0 113 102 22 (22) 2 (0 g o (9 (4

N zoxuzogo@ﬂnmedz normal oocytes after culture were
* Percentage of recovered oocytes.
** Percentage of ococytes examined after insemination,

ﬂ:mmsasmwma in vitro and then cultured for 5-8 h.
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Table 21.  Stages of eggs pehetratéd.

Treatment No. of eggs Nq.(%) of eggs with

penetrated 'Spérm in peri- Enlarged  Male Abnormality
vitelline space sperm head pronucleus

Control 84 3( 4) 7 ( 8) 71 (84) 3 ( 4)

Cooled (0°C) 40 5 (13) 10 (25) 21 (52) 4 (10)
Frozen (-196°C) 10 2 (20) 2 (20) 4 (40) 2 (20)
Table 22. Effect of DMSO and sucrose on survival and fertilization in vitro

of mouse oocytes cultured after freezing.

Cryoprotective Addition No. of oocytess

(ggﬁgt)‘ _ rteﬁgﬁga*- Frozen Recovered Considered Penetrafed Undergoing
’ : (°c) and as normal (%)** normal
: cultured after fertiliza-
culture(%)* tion(%)**
DMSO(1.5 M) 0 176 165 20 (12) 5 (25) 1 ( 5)
37 157 136 46 (34) 13 (28) 6 (13)
DMS0(1.375 M)+ 0 264 234 81 (35) 23‘(28) 9 (11)

sucrose(0.125 M)
37 136 119 46 (39) 11 (28) 3(7)

* Percentage of the oocytes recovered.
** Percentage of the oocytes considered to be normal after culture.
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Fig. 13. Phase-contrast photomicrographs of frozen-thawed mouse follicular

oocytes. X 640.

a.

An oocyte cultured for 14 hr after thawing. It looks normal showing
the 1st polar body and a chromatin at a stage of methaphase II.

An oocyte cultured for 13 hr after thawing, inseminated with capaci-
tated epididymal spermatozoa and examined 7 hr after insemination.
It is undergoing fertilization with the male and female pronuclei,

penetrating sperm tail and the 2nd polar body.
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Table 23. The effect of amdcwmzm DMSO at various temperatures on survival and

fertilization in vitro of rat oocytes cultured after freeze-thawing.

oid:ﬁAos No.of oocytes No.of normal No.of . No.of No.of oocytes No.of oocytes
temperature cultured oocytes after oocytes’ oocytes undergoing.  penetrated
of DMSO after culture inseminated* penetrated fertilization with
: thawing . (%) (%) (%)* abnormality
| {(%)*
0% 146 42(29) . 34 4(12) = o(0) - 3(75)
Room . o IR
temperature 138 63(46) - 58 20(34) 9(45) ‘ 6(30)
3% 128 69(54) 49 16(33) 6(38) 6(38)

The oonzﬁmm recovered 48 h after PMSG were frozen after maad:@ DMSO at 0° C, and ncdﬁ:1ma
for 14 h after thawing,

*The oocytes were mxmsdsma 8 h after insemination sdﬁ: spermatozoa vxmdzncamﬁma for 5 :
+vm1nm:ﬁmmmm of the ::acm1 of um:mﬂxmﬁma oocytes.



136

29 b L PRI b B E. TE. KSR
ANNB S B b0 o, g, Bk fARED
AR ' kA Gp F » é'IA 6" - DMSO A B ¥ &
B A3 03 B‘TCZ'?:CvaTfE%!;13ON38
-/ Tl S RNt ?TL . &R 23 5%0Ca
) R FEoe

%Zh 258 2.3, DMSO R 0 A v\%ff 7t
B I e S FGpARER (GVHR) O fT Fde & & W
17571—%*31—&(33,«/@—' ’7L‘ZLL7/\ o ¥E
2.3 Table 24 = F L Eo DMSO & £:8 7 % -
(e o bEf —EFR I nEop3 aEhBe3%
Nt 3L T L;‘- 7?—_ A W§.Of\ﬂ02 37T & 3 v 3 0°
c?acasr%émiﬁﬁq%n?n@a

I WARL AT (R, T 5532
A%ﬁw:;\ 0°C, B2 5 s w3TCHRMET.ZR

F 0T, 36 BL WAL T B BN B0 ¥
B rop®k (62%) & viG o BEE XM
(%) 3 fmfvux 218 5 W o

2 3 2B, 93 o R L LT,
REER I A ) AR Pz ®xmw L = Sucrose



137

Table 24. The effect of adding DMSO at various temperatures on survival and
fertilization in vitro of rat oocytes cultured after freeze-thawing.

>aaﬁsn | ‘No.of ooozﬁmm No.of normal No.of No.of No.of oocytes zo.Oﬁ.oonkﬁmm
temperature  cultured  oocytes after oocytes oocytes undergoing penetrated
of DMSO - after culture inseminated* penetrated fertilization with
thawing (%). (%) (%)t abnormality
& (%)+
0% ‘ 85 , 41(48) 41 _ 7(17) 3(43) 3(43)
Room - : o ‘
temperature 86 54(63) 36 13(36) 8(62) 1{ 8)
37% .47 21(45) 19 9(47) 4(44) 4(44)

The oocytes 1mno<m1ma 48 h after PMSG were frozen after adding DMSO at various
temperatures, and cultured for 14 h after thawing and diluting DMSO at 1003 ﬁmaumxmﬂ=1m.

*The oocytes were examined 8 : after insemination with mnaadaesmd mvmqsmwomom uxm-
incubated for 5 h. ‘ .

tPercentages of the :cgcmﬂ Oﬁ nm:mﬁﬁmﬁmg oonzdmm
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Table 25. Freezability and fertilization in vitro of rat oocytes at various stages

of maturation after freeze-thawing, .
Time of Freezing Dilution No.of oocytes No.of :o<ﬁmd zo.Mﬁ No. of oocytes
recovery medium medium cultured oocytes after _ oocytes -
(h after (PBS) with: - after culture inseminated** wm:mwwmﬁma mmwMWﬁmwwﬂmo: vm:mMMﬂﬁma
HCG) _ thawing* (%) : (%) *** abnormality
: A&y***
3 1.5 M-DMSO  PBS 50 19(38) 19 6(32) 3(50) 3(50)
1.5 M-DMSO PBS+sucroset 54 23(43) 23 15(65) 7(47) 8(53)
DMSO+sucroset PBS 36 21(58) 21 14(67) 7(50) 5(36)
Total 140 63(45) 63 35(56) 17(49) 16(46)
6.5 1.5 M-DMSO PBS 57 45(79) 44 30(68) 20(67) - 10(33)
1.5 M-DMSO  PBS+sucroset 53 40(75) 39 31(79) 26(84) 5(16)
DMSO+sucrose® PBS . 56 35(63) 34 32(94) 27(84) 5(16)
Total 166 120(72) 117 93(79) 73(78) 20(22)
8.5 1.5 M-DMSO PBS . 55 35(64) 34 32(94) 28(88) 4(13)
1.5 M-DMSO PBS+sucrose¥ 45 . 35(78) .35 34(97) 34(100) o( 0)
. DMSO+sucroset PBS 50 42(84) 42 - 41(98) 40(98) 1 2)
Total - 150 112(75) 1ah 107(96) 102(95) 5( 5)

DMSO or DMSO+sucrose was added before freezing and diluted after thawing each at room temperature.

* The oocytes recovered 3, 6.5 and 8.5 h after HCG were cultured for 11, 7.5 and 5.5 h, respectively,
after thawing. , )

** The oocytes were examined 8 h after insemination with epididymal spermatozoa nﬂmisncvmﬁma for 5 h.
*¥* Parcentages of the number of penetrated oocytes. ‘

* 1.375 M-DMSO and 0.125 M-sucrose were included.

+ PBS with 0.25 M-sucrose was used only for the first step (0.1 ml) of dilution.



Fig. 14. Phase-contrast photomicrographs of frozen-thawed rat follicular
oocytes collected 0(a), 6.5(b) and 8.5(c) hr after the injection of HCG.
Oocytes were cultured for 14(a), 7.5(b) and 5.5(c) hr after thawing, insemi-
nated with capacitated spermatozoa and examined 8 hr after insemination.

A11 the oocytes are undergoing fertilization with the male and female pro-

nuclei, penetrating sperm tail and the 2nd polar body.  x 640.



o, CRFE -GRARE 0 T R OPAREP 0 (3w ic
‘&ti“ qE - vz L &R 1:_; T2 3 Table
25 2 LR . HCG 3E§7 o 5 OP AE.GP o FEHR 3 <
NER v EC T A s 7. FRRR-1E AT o
G A 4F 4 '%#Ffimz% N CONE- W SIS
jj%.i:fu 2 3 F N 2 oo (. B ey .= B BB
6 o = ,gﬁu CE. BEER ;r{sp 2 DMso % $F
RF 12 Sucrose ER03 2 0 & ::le[ Vo TR
T G &g g iﬁ‘@x—%ﬁpwﬁﬁﬁ?ﬂoL L ERe
NOP A B e B T BB o B 5 e oy, 6585
filr nE=BE gl cr s KB H - .

v B E

FRE I T REBRE N EBFE . MSO
38)
NRm LI VPRBRELE2CTECT - EH LN

| | 30) R
Fov, 0°C T o EBEE T 9% & ¢ 4Aee

BE T M Te 5. Whittingham (197403 7 &
AEBAFANEREETERNEOMORM &I
WKREBE > T & IHM-BIT | ERE.
RmBRE ARG, 3MCTER L 2B



141

RENEBE GO, —F . 31°CHkm—0C B

T RoaB e cEGR B LA £ £ EBE £,
B it 23, A —%—3-) | %qg';/g‘mﬁ L ™ ‘1759)’:/?0))3{1—: N R Ft
B2 ,

BB REB 6. % o BB 8 (20 ~37C) 2 o DMSO
mﬁmg;wéﬁwHCthZréo$%'
| B 1= A EGUVEA N T v 6P R oDz & v T B .
32 (20 ~28°C) & 2 (~ 13 37°C 1= &~ T DMso %
370 a FUTBRELERE s, AR 1F4 %
BRNBIBAAF LG BB nre
3 FEE2TMe ot TR £S5 2,
DMS0 3 30C 213 T R EZHEP <t ¢ A,
£ =2~ 3 5 ov. 0°C o 13 2N 1T 30 ~ 60 % A
ERT A, Can 3, Swhk R &
213 3 A A TR THD(FRET-
7)) FRERE . BB K3 3 3T°C R TDM
SOER UL BE R -FAE B3I &N
o B o> N d. DMSONFERRTE b = + 9 B
NT 3 24 '),;éfp?;f: I3 Z kL Z oo FEg
INERH S LRT L, Lo, DMSONR
NCTB5ERETA0CLHWRER =R (T H o T1



42

RS EB3MFB o NE Lo, BE A
MSO o faRE g 1= BN d 3 o ¢ 3. G036 i
G T LB a0 B hnbd, -3
2 5 '5\_‘5':(\-1&3'-3"7°C Z'DMSO % & $2 ‘TZ 15 Az Z
h£@$%;?ﬁ%@A+ﬁ@5ﬂrmq 
PMSO é\f‘ii'r’:'b_\ ;::?7?\— Z T N = =, KT o >uL
N2 L BBAEAEE ~E IR N LA
L5 B, | |

B o RBEBH CRs 5. oA L F R
t+ 3z fffé#tﬁé L. T4 BHEELS g- & F
Eg o 3. RS0EIBE i Doz o h 7 L AR e B
<73 A c,tv\—*"rfz%zuh’(vug)a C N C ko3,
HCGE 8178 3, 65 & & 1" 85 B5P] & = 3f8x \
EWwRRGp 2 EE 4 - cBfE -ErME Rl B F £
Bofkt i —%Ad3, 3. Beta-BE%RO
3% b HCGEB o S W T T 57 0 Zi18
et 2B 35 o, Cn 3. 3 KB
Lt gy d 1< > B &R LT3,
HCG X 8778 3, 65 & & v° 8.5 B5Af @ = Bk
I = opREEP 3. % ® 22 n GV E4 ~ Condensed



43

GUVRA(CGV), CGV ~M1 & & v MI~FH 1T K& &
WAHA (Telo 1) N AR < b 23 ¢ 21 o )hm)
St s, MIBAME O BFE cH B0 3 3. 7
WM 0 BRPE 0 60p 3 2tk R T H502 B B VE o0 46
e bbb, O wnal. Whirti'ngkam(quww))
NTE T AL ST, GVRESE e EBRE %
10 AT AVEI 2GS oy T O E o
Lt d B dbABEL S A,

EXE O, 7 n 9% > b kDR FERR = 3R
ZEr L {ERE b Y 2 OESLEI 6D 3z 1 B
W S E B LN T B, KEERT.. BR
ﬁ’% L J WDMSO £ SR BFE = 55 71 P AD AT oy 1= Al

oKk Hovifin 336 2d- T 6 AL M
Bl 2253509 E 2B CEey . fEREY
mMe@>NzIhcer, WmRI0BEELESSH

YidmE el T BEAEELERA (B, BRI A
NI EIRR P BB E R FE o T ),
EF e L TEBEIvVEFRBERN SR
NFE o E 3, oy, Shd. REENEHBC L
TRt RBEAAE-SAHABHBELHIT ¢



144

FE®ZTHS5 LRI N 5. Bank & Maurer
(1974313, B% - f2f I M E BB B2
CEBREM VS LS 7 G E A
TNAC L ERN U A v Whnttihgkam Y
Adams (1976)13 . T O PR
%rdgbtéﬁﬁﬁéﬂﬁwﬁmvﬁég
L RER AL C 2 B, MERAERAEF 2o
T3 Fed R B L P LT b AT
MEZBE - TsMEBERI T L2 ¢ 3R
BB d 3 r e é%—@fg—lﬂm ~~az 3 3
’Ehnéo -

v m@

o VKB ICRZ T v - GPAROPE -196°
CIvpil, mB-ShaddZBELL o
G Eo Hone 22 3. MFTom)T
%%,

. GUEA A GPAE.GP 3. DMSOX BB z2hm | &

EmECEBREFLIVER-I 5B 3 RNE

e
\\AI'?

I=] @ "DEo



145

2. GUVEA o GPACG7 3. BB A 2 (~13 37C T DM
S0 zﬁ\:_fxl LA BB FE L 5 ?&ﬁ N

B 3IENE e |

3. HCG AR 3, 65 &3 1w &5 83f 8 2 K

B L EWWRI OMRIEE B L R E. 65

PR BB O X BEETE c R aGp 3 3. 3%

-",PaE\L] AN = A - < v_‘{‘,.%<\ =S EN
I I N 3 6;1?-3—07 W&E&Pﬁv\“ﬁ_?f TSR 28
TLRE(E. | | |

4. BFER F B3 Dmgo%%\,&z* '-,’f? E/ﬁ,
MF Aol ). EhBE, CBIEANELR
T WK HEL T EMEENRD B NE,



146

26 8 - 15

oz %mﬁ?ﬁﬁn; K BEBM s~ 78034 C
Lovfa by 7 A F G EW N EFREEB -
M3 334 ab o, FEB 3, e o K
BB A5 IABI I kL GHBWE
REE (. ﬁ'nﬁfﬁxﬁzttﬁt . B nrfsEa
#i‘:%@w\FhJé’) A |
. 75 2E5ESBmPER - Cigghlafaidn

2k N m:‘%_.mﬁ\fiittglt o A G]ycerol N

&R 3 DMSO B & W EG o L N T I B4k

<. DMFAJ\-'JEﬁ\E 1 Jlz &5 ITZ;7W‘ > . F =

0°C 713 30%¢ 2teR ¢ BREE < Bos E,
2. GNE» L AR INE FTw FEZHEME

-196°¢c T U RFEG M OT RRE . 4 ~24%

N O7 3 o T2 HE 87 = EB 2 Hh-T"e O 50

6n 3 iz tE4L1BHE (. SEERA A BB (= 5

Bl FRIRAENRYL, o> ERDR

BiE LGP 367% &~ Fo 26550882

(R@ea. B %93%, L& 45%60a3



147

ZASE3N% T B ok, .

3. GVER o 2 Zanagom £ -196°C 3 ¢ R %6 1%
BrBl \ nfE R, WES - EBRT M3 o B4
3 9~39% 2. SRR N T AR 5 .
NS AT EEAE R LR AR 33% 20 M2
I THE LRy, FHBRBEE OB FRAFE
1 6~28% T B Eo |

4. GVERAn 5w FOGPAEGP £ -196°C I o S FE L,
REBR 5. EshEh —FAME ( EREE . DM
S0EBRBeRml. BB ~3CTHE (L
58 i, E@QF‘-?& & U“ﬁ—}fé?\—%ﬁ £ b= rzi)
CHE RS MR,

5. HCG:X¥577% 3, 65 & & 1w 8.5 85 = ¥
Be UR 7o b GPREGP £ -196°C 3 2 SRFE L €
ATH e & ce 8 ( = f6 B, 65850 AW o 6p
3N EBHrEr > £ > 5. GTAREI
BT 5 3 560 bR s, IE.
R BBEA N B3 E 20, o0 F 0 RE&
B T Is E. T8, REERH
21~ aDdMSOBR T cERELRMT 5ot



148

T &y K < —' & |
&, B A | A 3 1& N’—isi # oz v ¢ 5 &
CHLBENE »H N E : -_ |



149

BB E N\NLZ9 —SEa SRS

ul .

214 f

292, 5wt bivERLCco BRI
IZEER T, NAR T —Gn 3 0 EEEAR G 2 B 3
6-%% 3kkd 2V T 1vs Parrott (]96(;;))13\
T RGPREFREG L EHR LN P, A
Ry —GPENEREIEG LB (2o &ie L
T A, Twmoda‘i(]‘??g F & ’Parkehing 'S
Chang (1977) 3. N4AZ 9 — 4 B AED £ 5 -
REBR 1% -S4 T ¢ . 5 B K A
CRAFEEBAR L ERE R, KRG
13, Whitt:‘nghamﬁcwgs)) oY Symposium O
Pz, -196°C 1= 3 B RS 3 M B fuAR A RE
A COIBAREBARR I o RE L AT
VA oy BHffmic o> 2 3 EBL T o T T,
12795 . A& -JEE—;' ZiI_'Cha:\”érg\ IN I R
7 — BfaAPEARE o BFEEGS AR L T RE L E
~ . SRFE -FREAE N EGBE 3B 05 E b oo,



150
%éﬁm%i%m&mzﬁ<‘ﬁﬁﬁﬁcb'
EBIL T 1B, NAR Y — SkG7 3. sk sb
EoBHBZobooio EBEBm®DF < bt~
B <. ERAB IR T A I g IR
Biforror s bl WG, FEER . 3
TN 29 — G AEGP o 45 2k & & &4 ?E%:/MTL
SANEA %%I'fﬁlfzza S .



151

2 GO O hok kA

CNLRY -EhGp 0 ARG BT 5T
NI AEDC ThnTuh CKEGHEd L
|l T. 4o EERENUNIE 2t N T 60 F 0 Kok &
ERAToBEL I N T OD N0 Lovd TSN 5,
Az o, BRMEAGCELE., NLZX 9 —8
FACHAAE O hob F A SHERIT L =

I E8EE &%k ‘
B4 %L e KBEHEI—ILT > NARY
— BB oA . EEE e s 0t EEAEA
B L. HEGPEI R ciE e B Bt T AKX KB X
o . 3B 0 & (18:30~20:30) 1< B4L
(k. PBS 5 E 28T ALt ) 8fa
AEA % B L. PBS T #FiE 5~104@ 9 > R

T EEH(F0.4m)) 5B T 37,
%%Lﬁ=57m,-gﬁnz%% BEw B
AL, 12~1685/7% i o3 o R nww_i
RIBMSET o BE L £, - |



152

"’i%%*%i— -

% 0 BBz 3. Whitlingham(1971) 2% A &

RF 3o EE i A 28 E Tyrode R (T6),

TOELHERAEM DB E£20%:8m 0 26 0, TCM

19953 P 79 ABEaHERE CFH L5 NAMBE

KRBSR 0 4i2n 52 R AEEEA L. Z 0tk
BB Fte8i\ ko 2082, Taple 26 1=

T35 TerEhiI NEMD b oo fs &

A 6%4@9‘&@"%5 . Ao 3$§m¢’>‘/§:féz 3

EAREIZLENRT > » o
CNLGABNEELZNZEE T T NTEHE

Table 26.  In vitro deve]opment of hamster 8- ce11 embryos
cu]tured in var1ous media.

Medium No.of embryos
Cultured ‘Developing to
blastocyst
()
Modified Tyrode (T6) 27 , 3 (1)
T6 + 20% rabbit serum - 22 : -0 ( 0)
TCM 199 23 0 { 0)

Modified KRB 22 0 ( 0)
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Table 27. The effect of osmolarity of culture medium
on the development of hamster 8-cell embryos in vitro.

Osmo1ar1ty ‘, - No of embryos

(mosmo]) cultured , deve]op1hg to
- . bTastocyst .
- (®B)
KT T S )
. 270 32 : 7 (22)
220 33 o 12(36)
- 170 .35 12 (34)

s 26 I
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Table 28. Effect of Na'/K' ratio of culture medium
on the development of hamster 8-cell embryos in vitro.

Na* /K" ratio No. of embryos
' cultured  developing to
‘ blastocyst
(%)
55.91 (T6) 12 1(8)
28.41 21 0(0)
0

14,20 | 20
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Al rBEHe. BRwr kR 1 HRE&xE
Pr. I, 28 1 za Toezo %A 2
hoe BB ULUE», T6a Ca™ A (1.80mM) 3,
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SR TG B, 72T, BB AT Y
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3175 mosmol =4E~ Eo Table 29 =T L =g

Table 29. Effect of catt concentration of culture
medium on the development of hamster 8-cell embryos

in vitro,
7 cat? ) ' No.of embryos o
conc?;ﬁgat1on cultured | developing to
blastocyst
(%)
57.6 25 1(4)
28.8 25 1 (8
14.4 25 1( 4)
7.2 25 4 (16)
3.6 25 6 (24)

1.8 (T6) 25 6 (24)
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Tab]e 30. Effect of pyruvate concentration on
. the development of hamster 8-cell embryos in vitro.

Pyruvate ‘No.of embryos
conc?gﬁgat1on cultured developing to
e : blastocyst
(%)
0.00 22 o 2(09)
0.25 20 - 5(25)
0.50 26 10 (38)

1.00 ‘ 2 11 (46)
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1B li:] 4 f/‘? 16 B'?TFQE] o 8-cell embryos. =
T% ’é 'fﬁ "ﬁ 474; ﬁg’\ Comp'ositiolﬁ ‘ Conc'er(\rﬁg?tio'n
Le g \

T a3 o — | R

KB wLE ABHE @@ 2,68

( -T: ) | | NaH,P0, . 2H,0 0.36

CaC]z.ZHZO- 3.60

) 3 . ' MgC12.6H20 o 0.49

I u% Ei'ﬁ £t g3 o NaHCO, ' 25.00

- ~ - . - Glucose: - : 5.56

7@‘ 70 {% @ 5@ Na-pyruvafe .1.00

1 >~ T 604 Na-Tactate 25.00
BSA 4mg/m1

Ffl 0°C =% 2D ¢
NE NLZF—
8fcaﬁaaqa£mﬂ£

HE/\ NEBHEE Table 32 1z 7l 2. B3P
INE %m%ﬁi‘*aa AEF I NG pa kR
& (55%; Fig. 15 -a) =t~ TP e &<, Ak
Bl E 42 3 ho PBS Tz EAE 1 mRrAE 200 32%,
DMSO— kG, C?yc‘.eral 'JE‘J ' DMFA E’A'QJ’FBSZ
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Table 32. Survival of hamster 8-cell embryos stored at
0% for 60 min in the presence of various cryoprotective agents.

Treatment Medium No. of embryos

Cooled Recovered Developed to
expanded
blastocyst
(%)*
Control - - 20 11 (55)
Cooled PBS 20 19 6 (32)
PBS + 1.5M-DMSO 20 20 3 (15)
PBS + 1.5M-EG 18 16 4 (25)
PBS+115M-Glycer01 20 20 3 (15)
PBS + 1.5M-DMFA 15 11 0 ( 0)
* Percenfage of recovered embryos.
Table 33.  Survival of hamster 8-cell embryos stored at -196°C in the
presence of various cryoprotective agents.
Cryo- | | ' No.of embryos
protec%1ve Frozen Recovered With normal With normal Developed to
(?ggnn) cytoplasm zona expanded
) (%)* pellucida blastocyst
' (%)% (%)*
DMSO 20 17 17 (100) 16 ( 94) 3 (18)
EG 21 18 18 (100) 17 { 94) 1(6
Glycerol 20 18 18 (100) 12 ( 67) 0(0
DMFA 18 - 13 13 (100) 13 (100)

* Percentage of recovered embryos.
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Fig. 15. Phase-contrast photomicrographs of hamster embryos cultured in vitro.

Magnification x 157.

a. Eight-cell embryos were cultured in modified Tyrode solution for 16 hr.
b. Eight-cell embryos were frozen to -196°C in the presence of 1.5 M-DSMO
and cultured for 16 hr after thawing. There are two embryos developed

to blastocysts.
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Table 34.
cooling rates.

Survival of bovine ovarian oocytes
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cooled to 0°C at various

Treatmént'* Cooling No.of No.of No. of ooéyteS'at“
(Orate ) cocytes oocytes stage of (%)
- (“C/min examined  at GV or A T .
: ' degenerated M Téq’} M.
(%) '
Cooled 0.25-0.5 62 12 (20) 20(32)  2( 3)  28(45)
1.0 28 3 (10) 12(43) - 1( 4) - 12(43)
40 57 18 (31) 14(25)  4(7)  21(37)
Total 147 33 (22) 6(31) . 7( 5)  61(42)"
Control - 132 16 (12) - - 55(42) ~ 3( 2) 58(44)
Table 35.  Survival of bovine ovarian

oocytes frozen to -196°C,7

Concentration No. of oocyteé “u
of : -
cryoprotectant Examined Cyt?%{zed

(1.5 M)
DMSO 53 53 (100)
EG 12 12 (100)
Glycerol 15 15 (100)

- DMFA 13

13 (100)
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Table 36. Survival of bovine ovarian'oocytes‘ffozen to -10°C.
Treatment -Cryoprotec- No.of "~ No.of No.(%)‘of oocytes
tive agent oocytes oocytes- . at stage of
{(1.5 M) examined at GV or _ -
) degenerated M3 An, 1 M2

Control(unfrozen) - 22 0( 0)  8(36) 0(0) 14(64)
Frozen just after ‘ ' 7 |
collection 1) DMSO 3 31 (100)  o(0) o(0) of0)
Frozen after 25-  DMSO 34 32 ( 94) 103)  o(0) 1(3)
30 hr culture 2) i :

o EEG 13 13 (100) o(0) 0o( o) 0( 0)

Glycerol - 10 . 10 (100) 0( 0) o( 0) Q( 0)

1) Oocytes were frozen ‘Jjust after collection and cultured for 30. hr after
thawing. :

2) Oocytes were frozen after 25- 30 hr culture and re- cu]tured for 4 hr after
- thawing. : .
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. GPREGPE O°C = 60 9P £20 L £ %R
(R L. ZHEBEEzcooobhs 3 JER
(44-%) £ 13157 % ( Bl o Gp 3 osM2 o X
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2. -196°C RFE T nEW S 3. AT RA R
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FEE 1 za. MW Ion 2~ 3850 F 3R~
3[/CH EBRBA IZZL THEBLENL. T
S amAR ap v Bl o FH ik ¢ GTAE D & FEER L o
B ap3itB8Br el 2EE LR K
12 0~/ F >, 0.1ml 0 PBS £ X LRI
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PEE 1 2. 77 OPAREP £ O & A L 13 -196°C
3o IlEnt EE L eBEL Table 37
CF L E. Blma MR . 46% o EE
TMI~M2 0 RSB ET Lz, 0°C 2
2T fzipif}biuw o713 12 28 2 0
SFKIBHEER T E¥ 08B ETL
Eb o 3fkd 2P G BE(MI: 1%, M2t 0%),
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Table 37. Survival of porcihe ovarian oocytes cooled to 0°¢c and -196°C.
Treatment - “Cooling ~  'No.of No.of No. of oocytes at
(0 orate oocytes oocytes stage of (%)
C/min} examined at GV or —
degenerated M Tz?‘} M2
(%) | {
Control - 140 76 ( 54) 25(18) 8( 6) 31(22)
" _Cooled to 0% 0.25-1.0 106 105 ( 99) (1) o0 0( 0)
0.25-1.0% 17 . (100) o(0) o(0) ofo0)
| 40 49 g8 (98) .1(2) o0 0( 0)
~ Frozen to -196°C 15 15 (100 o 0) 0(0)  of0)

- * 10-20% egg yp1k was added to the medium._
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2(Table 38). EBGMI~M2 0% BEET L
FOP 3> 0% e 3 Fhe i 40,15 2 &3 1%
cRD 77 G]ﬂ HE.OP 3 15°C 3 © 0 B APz ﬁ‘H’.
SN 1LC eI I NE,

Table 38. Survival of porcine ovarian oocytes stored at various
temperatures above 0°C.

Storage No.of . No.of . .No. of oocytes at

- tempgrature  oocytes oocytes ' stage of (%)
examined at GV or’ Ml An. M2

degenerated , Te1'1

RIC Tel.
35 83 50 (60) 15(18) - 2( 3) 16(19)
25 115 . 98 (85) 9( 8) (1) 7( 6)
15 123 121 (98) 2(2)y - 0(0) 0 0)
5 100 99 (99) 1{ 1) 0( 0} o( 0)

L A%
"r .

AKBEEnFER T ), ey opRRan .3 SRR < B
B3 060, I5°CMTFI TOBET A £z
19, TeheINTBEERTE L
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"STUDIES ON FREEZE-PRESERVATION OF MAMMALIAN EGGS

Magosaburo KASAI

~ Summary

Since the successful storage of mouse embryos at -196°C was first reported

by Whittingham et.al. in 1972, studies on deep freezing embryos have been accumu-

lated and live offsprings have been obtained from embryos stored at -196°C 4n the

rabbit, rat, goat, sheep and cow. But further study would be necessary for the

" gstablishment of optimum procedures for freezing embryos of dffférentrspecies.

Present study was carried out to examine the effect of various cryobiologi-

cal factors such as cooling rate, final temperature to which the egg was frozen,

warming rate and medium on the survival of mouse, rat, hamster, cow and pig eggs.

Results obtained are summarized as follows.

1)

2)

3)

5)

Freeze—preservatibn of mouse morula embryos

Cooling and warming rates between room temperature and 0°C had no signifi-
cant effects on the survival of embryos.

Embryos preserved at 209¢ survived for slightly longer period than those
preserved at 0%, |

Embryos were stored at 20 and 0°C'in the presence of various cryoprotective
agents. EthyTene”g1yc61(EG) and glycerol had little, dimethyl sulphoxide
(DMSO) had some and N,N;dimEthyl formamide(DMFA) had large toxic effect to

the embryos.

‘When embryos were frozen to -20°C, higher survival was obtained if suspend-

ing medjum was seeded at high temperature such as 4%,

Embryoé here frozen to the different temperatures ranging -10 - -759%C at

various cooling rates and warmed slowly (25°C/min). When embryos were frozen

slowly at the rate of 0.25-1.0°C/min, survival rate did not decline up to
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11)
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-75%C. On the contrary, when émbryos were frozen rapidly at the rate.of'5-
]OOC/min, the survival rate decreased as the freezing tempefature declined.
When embryos were cooled rapidly to -75°C from temperatures ranging from
-10 to -40°C after slow cdo]ing (1°C/min), the survival rate was quite low.
On the'contrary,'when‘they were coo]ed.rapid1y to -75°C from -50°C or below
éfter's]ow cooling, a higher survival rate was obtained, indicating that
embryos had been dehydrated a]most completely after slow cooling to -50°¢C.
When embryos which had been cooled rdpid]y to -50°C at 5°C/min were immedi-
ately plunged into.-75°C ethanol, the survival rate was only 4%, however,
when. they Qere kept at -50°C for 30 min or more before rapid coo]ing,'the
rate was increased to 59-73%, indicating that dehydfation from embryos was
well achieved during 30 min at -50°C.

Embryos could be preserved for a few hours at —25°C, a few days at -50°¢
and for at least 3 months at -75°C. _
Bovine serum albumin (0-30mg/ml) and egg yolk (5-20%) supplemented to the
freezing medium had no significant effect on the survival of embryos frozen
to -196°C,

When embryos which had been cooled slowly (0.33°C/min) were warmed‘rapidly
from -196°C to -10°C, survival was comparable to that obtained when they
were warmed sTowly (25°C/min) to room temperature. However, when embryos
were thawed rapidly to 0°C or above, the survival rate decreased signifi-
cantly. -

Embryos were frozen rapidly to -196°¢ by three-step procedurg; the seeded
samples were transferred to -ZOOC ethanol, -100°¢ 1iquid nitrogen gas and
-196°¢ 1iquid nitrogen at 10 min intervals. The highest survival was obtain-

ed when embryos frozen in the presence of 2.0M-DMSO were thawed rapidly

(36OOC/min) and DMSO was removed by suspending the thawed embryos in turn
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into. the PBS containing 2.0M-DMSO + 0.5M-sucrose and then PBS containing
0.5M-sucrose at room temperature, Fifteen normal young were obtained after

transferring the frozen-thawed embryos to 3 recipients.

Freeze-preservation of unfertilized mouse and rat oocytes
Permeability of several cryoprotective agents to and from mouse unfertilized
tubal oocytes waS-examihed; Permeability of glycerol was quite low and that

of DMFA:was extremely high, and medium permeability was observed in DMSO and

EG, DMSO, EG and glycerol were more permeable at 30°C than at 0°c.

Unfertilized rat tubaﬁ'oocytes were frozen to -196°C. After thawing, 14-24%

of-the b0cytes were morphologically normal. When the normal eggs were in-
seminated in vitro, 72-93% of the oocytes were penetrated 5-26 hr after
insemination. At 5 hr after insemination, 67% of the penetrated eggs were
undergoing normal fertilization. Howéver,vthe proportion of eggs cleaved

to the 2-cell stage was only 31% when examined 26 hr after insemination.

. 0
-Mouse follicular oocytes at germinal vesicle stage were frozen to -196°C.

After thawing, 9-35% were morphologically normal. When-the normal eggs were
cultured, 33% of them were matured to the second methaphase, and 6-28% of
the matured oocytes were.penetrated by insemination in vitro. =

Rat ovarian oocytes at germinal vesicle stage were frozen to -196°c. After
thawing, they were cultured and inseminated in vitro. High proportion of
the oocytes were normal and penetrated when addition and removal of DMSQ was
made at room temperature or 37°c. |

Rat ovarian oocytes recovered 3, 6.5 and 8.5 hr after an injectidn of HCG

were frozen to -196°C. The proportion of morphologically normal oocytes

after thawing were higher when they were recovered 6.5 and 8.5 hr than 3 hr

after HCG. With the increasing time of oocyte collection after HCG, the
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proportions of penetrated ococytes after insemination were progressively

increased.

Freeze-preservation of hamster 8-cell embrjos.

Embryos were cultured for 16 hr in various media. Low proportion of embryos
cultured in modified Tyrode solution developed to blastocysts, however, no
development was obtained in TCM 199 and modified Krebs-Ringer Bicarbonate
solution. When osﬁo]arity of modified Tyrode solution was Towered to 170-
220 mosmol and pyruvate was increased to 1.0 mM, higher proportions of
embryos de§eloped td blastocysts. On the contrary, changing Na+/K+ ratio
and Ca++ concentration of medium was not effective for the development of
embryos.

When embryos were frozen to -19606, most of the embryos were morphologically
normal (67-100%), but the development to blastocyst in culture were quite
Tow {0-18%). The proportion of embryos developed to blastocyst decreaséd

as the process of freezing advanced, cooling to OOC, addition of cryoprotec-

tive agent and freezing to -196°¢.

Low-temperature preservation of bovine and porcine ovarian oocytes.

When bovine ovarian oocytes were cooled to 0°C and then cultured in vitro,
high proportion of oocytes matured to the 2nd methaphase independently of
the cooling rate. On the contrary, when they were frozen to -10°¢ or below,
almost all the oocytes were injured.

Nhen porcine ovarian oocytes were cooled to OOC, almost all the oocytes

were injured independently of the cooling rate. When porcine ovarian oocytes
were collected from the ovaries which had been stored at 35, 25, 15 and 5%,

the respective proportion of oocytes with normal chromosomal maturation were
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40, 15, 2 and 1%, indicating that porcine -ovarian oocytes w0u1dﬂbe*injﬁred

at below TSOC.



