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Studies on Simplified Procedures for Freezing and
Thawing of Bovine Embryos

I . Effects of freezing procedures in a liquid nitrogen
container on the survival rate of mouse embryos

Kim J. K., K H Lee, M. ] Kang, Y. H Kim and S.H, Kim

Summary

This study was done with mouse embryo to assess effects of freezing media containing sucrose,
freezing methods (1-F, 0.3°C/min; 2-F, 3-5C/min; 3-F, 15C/min; 4-F, LN2 vapour ) and
cell freezers on the embryo survival determined using the FDA test. The results are summarized
as follows :

1. The FDA score obtained with 1, 2,3 and 4-F was 3.8, 3.6, 3.2 and 3.2, respectively.

There was a significant difference ( P ( 0.05 ) between 1-F, 3-F and 2-F, 4-F,

2 The score at the morular stage ( 3.8) was higher (P ( 0.05 ) than the blastcyst stage of em
bryos { 3.2 ).
3. No difference ( P>0.05) was found between the score obtained with a automatic embryo

freezer ( 4.0 ) and a liquid nitrogen comainer ( 3.7 ).

& Bt E S FIRSH AT ShHol #E{ksl o Ak
Fr 8 Shel, SRFIBM Al ML 1972 4 Whitting-
Aolol = MRS sl = W HREEE hamo] mouse ZHHEPS —196 CAHA K & B

gHoT 19524 Polge 9} Rowsonoll {ksle] 4 W3l R THEL BES LRE dAd o2
e MASRAE ol ¥ B we vkl ERFT oA EEEHB gt ol o] S BES

B A EBRF MF AR (College of Agriculture, Cheju National University )
* A& FERis 1986 Wy WBEFBHES] Ao st FYEY o] REBREEMBEL 1202 65~T1
(1988)cl BEHA S
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sdeh. wiEel SRRl Al RITRAIS- EHIshe) fxi%

WA o R EHING e RIS ol e (Whitting-

ham, Leibo9} Mazur, 1972 ; Wilmut, 1972 ), o]
egF Ak HEN @RA Bdke] BRKEYE
K-S ®MAAZ ok BHR Mazur, 1070)
o HgE + Aolcth

Bofrell & AR BF&slA S BsE SAHS
Ea A A ARES KBSl sucrose I {FHSHo
W5 predehydration & A|Z) o Z 4 mouse FHE
YRl 4 ZHUEeSS) WTREH S Raste e
( Chupin 2} Reviers, 1986 ; William #} Johnson,
1986 : BA S 1986 ; Miyamoto %, 1986 ), ojg]
G kol tkoba] bovine ERER (Leibo, 1983 ;
Renard %, 1983 ; Nieman, 1985 ; Bielanski &,
1986 Yol 4| &= TE-Z B 7 Wkt

3, Kasai ( 1980 )& v] ¥ 3} o Miyamoto &}
Ishibashi ( 1983 ) ;= mouse ¢ 458,
F(1984)L KE ZHIBAAN 24 54
o RS om, 2 A Williams 2+ Johnson
(1985 ), Krag %:( 1985 ), Frank % (1985 ) &
A FC1986 )l tksto] sucrose G FlF] HAGER
container PYoll A HEESH GRS LS RSt 2
Rall } Fahy (1985)% ElE WEN REHEH
( vitrification solution ) & WSl LNy contain-
er REZ EHEWEA g3 (BA %1987
Hsu %, 1986 )32+ o2 tf% #MEHYal
IR RS kel B sl MR

X Bec AFKE THNBEC Y A o
2 mouse 3FEPR-E LNg container Aol 4 o2 7}
A mEke R Hmeste sHd EASte S A
S BB oS A BT R K i
&sle MBS FHENE WES EEsA Wi
s ot

Renard

R S IS

$HREHH S TR LIES Mtk ICRER mouse s
wRslded, EFEREY BE< 18~28TE #h
3192, ARETE - BREHM S BhERagt
WHEF MES 20 ~309012d. @R FEES

Bele) psRel 51Ul PMSG ( Titit, HA) S
Hgfete 4sBER B W ES HCGC & H&tstz [
—%kte] H mouse i 1:1 Z GFste BAXR
BE ZEastgon, #A ol B4 Bl ®
e RS Wl siAskH

FEEIY RIS HCG HS # 72 ~ BORFfol
E#®sle BEH FES Y3 & m-PBSE zt
L A5t Ao g morulad 3Eetg ol Eg
5] ZHIRS KBEEE TN MEHe 2 FRI
F& BRIsto migsel FAzI o}

g o 2= 10% givecerol, 10 % sucrose 9}
20% doner serum ( JEM(LAIZ) DS GFHS}I U
1= PBSE M3l Leibo ( 1983 )7} @#HI 2
ORS BE REHOIA B 7= one-step K
#o 2 55M PHEsIY o

Efgo] ik TIPS straw Aol Fig.1 2 3
L WMEFFZ 5~15 o] ZEI-E #HAsA o

FHEIRS) MKEL M 571 5) (R 204, planer pro-
duct, England ) ¢} 30 ¢ o¥x]) 2 4 ( LNy ) container
£ #REA

a b c d c b e

NM\HEDRENGIDL
Fig 1, Freezing apparatus with straw
loaded as indicated,

a) cotton plug

b) freezing solution { 10% glycerol +
10% sucrose + PBS + 20% serum)

c) air bubble

d) freezing solution + embryos

e) straw powder plug

BRERDS B 2 AL straw s A TEAH
71| sensorel 7 UA FEFE # auto-recordery
FEsl e, che-wt zhol musEA| Aok

L-F 5 Hlel 4 ~TCAAE 1T /min FREA
7| % MK seeding )3tz 54 5ot FE ok
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MR S 2 MM kel RIS HR 3

~36%7tA 4= 0.3°C/min ¥ BIEE BWEER
container ol FHREFIHA ot

2-F: ik % 54 B/ AANE “1-FT @A
—3}A stz —35T A= 3C /min FEEA o}
S -BUAAE 5C/min Y mssIE o] HeRe
FH B Bt

3-F Mk 59 EBARE “1-FUs 3
7 —80C7ixl = 15 ¢ /min 4 BREESY] RRSER
of B8 Rt

4-F: WX % 59 EEAXE “1-F7 o 2
3 b2 HREXd 8% kARG

Seapo) AR 38°C BAKeIM KhAol R3] F
o W7 RiEskl oo By ¥ 10 Boch

WM ks PBSol| 10% sucrose & FROAl
71 A BERCD 3t HinAEet R—3 one-
step HESE 54M FMgele] glycerol S Bk
shol ot WEM BREst B FEHIR) ARAED
diacetyl fluorescence (FDA) | mg-& aceton |
ml ol ol chS ojz1-S PBS#el 600,000 & 1
2 BB pH 7-7.4 )3 FDARKC REIHE ¥ 2
#iBol A 3~5 5Tl BRI & FDAZE YT P-
BS ol £A 200 (rHE REBEHE A S
3} 7ro) KEYMY score 2 FIFE dglon ol & Fiy
pE FHis o

P-5 ;. SZHERS HEIXK 287 &ERXS A
a7 Bt A (5B 100% ).

P-4 ; 250 SEE 80 % L E KR
S wiz A A% 80%).

P-3; IR SEE P 60% LIb &KEEX
S o= A 3B 60% ).

P-2; 40 % plE AHBEKA GEHXS Bl
A i Mo ekl HEZE #Bet= A
(286:40%).

P-1: 20% LT #EiEks &EBEXS Bst
At FEIERZL oRg- gashAl BEE et A
B 20% ).

N-0 ; &Efxel 438 w3
E A0 0%).

o)
A

ol w7l Aol

R BEE

kLol sucrose & ¥INE 2 LNp containerol}
A RS EMESH mouse ZEEIH 4£FE FDA -
test & H#3E A& Table 1 3} 3ef

SRR (1-F )2 P-57F 62.7%2 REE
o 7}a EESI o8], P-3:20.3%, N-0:6.9%
Ity score 3.B(T6%)% 713 FLE HEE X
o ek

Table 1 Effects of various freezing procedures by liquid nitrogen vapour
(container) on mouse embryo survival evaluated by FDA-test in mice,

Freezing NOB of No. and (%) of survival embryos evaluated by FDA-test s
ocedure €moryos core
PT frozen P-5 P-3 P-1 N-0
1 -F2 217 136 44 22 15 3.8
(62.7) (20.3) (10.1) (6.9
2 -Fb 344 166 76 27 75 3.2
(48.3) (22.1) (7.8) (21.8)
3 -F¢ 231 114 81 9 27 3.6
(49.4) (35.1) (3.9) (1.7
4 -Fd 166 68 54 23 21 3.2
40.9) (32.5) (13.9) 12.7)
*a; Room temp. — —TTCLlC min) Szgg{:‘g — —357C(0.3C/min) = —196TC
5min

b; Room temp. — —TC(1C/min) seeding

c: Room temp. — —7C(1C/min) sg;’c‘j‘i'r‘lg
d; Room temp. — —7C(1C/min) Signt;i':]g

— —35T(3C/min)

— -80°c(5C/min)——196T

-~ —80C(15C /min) — —196T

— Rapid freezing by LNy vapour for 5 min — —196C
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2-F (& @R ol = P-5;48.3%, P-
3322.1%, N-0;21,8%2 o N-0of
A REIE b RS MES JEho] F9le
v}, FH5 scorel= 3.2( 64% )G h

3-F (S )E P-5;49.4%, P-3; 351
%, N-0;11.7%2 ¥ score 3.6(72% ) &
Yebd 1-F Mok obzh e 2-Feb 4-F
Bo= RS o

B2EMEEQ 1-FE P-571 40.9%2 £ @&
BE B 73 K@l oo, P-3;32.5%, N-0;
12.7%% ¥ score = 2-F o} [@—38l 3.2 (64
% )& veRHAch (P 0.05),

Table 2 & x2 BEHRES #R Aol e}
W em 2 (PC0.05) 1-Fo} 3-F OH§EH o

2-Fol 4-F¥r} BFsigl o} 2-Fr7} 3-FRo
HF ot AL EWele] B Ao g dzy

X el ERe @Bkl Y Massip %1980
ol sucrose & Fifndte] % 0.3TH WS #
M AN 85.7% & £HEHRS Bsl 3y
ofi HF 5L HMcol Y Lehn-Jensen ( 1983 ),
Leibo (1985 ) %9 4 ZMBell 4 44 % Fijtke
£ER iode #Es

22} 3 Zi&M® Higkoll 4] Bank$} Mauerer(1974),
Tsunoda 9} Sugie ( 1977 )7} sucrose & (=)
B KE ZRIPl A 47~67 %] 4#%o) B
o} & R T RS Mol 3 9l on mouse
ZHPPl A% Witmue (1972), #2F F(1984) %
A= A9 —Hs HEE Bolxm gl

Table 2. Effects of various freezing procedures by liquid nitrogen vapour

on morula and blastocyst stages of mouse embryo

evaluated by FDA - test,

survival

No. of embryos

Morula stage

Blastocyst stage

Freezing frozen s s
procedure ——————— p-5 Pp-3 Pp-1 N-0 ¢ p_5 p.3 p.; N.g Ocore
M B %) %) (%) (%) %) (%) (%) (%)
1-F 87 112 61 16 6 1 4.3 69 27 15 1 3.9
(72.6) (19.0) (7.1) (1.2) (61.6) (24.1)(13.4) (0.9)
2 -F 77 117 39 14 5 19 3.1 38 36 21 22 2.7
(50.6) (18.2) (6.5) (24.7) (32.5) (30.8)(17.9) (18.8)
3-F 92 165 55 25 5 7 3.9 71 58 21 15 3.3
(59.8) (27.2) (5.4) (1.6) (43.0) (35.2)(12.7) (9.1)
4-F 85 81 45 26 9 5 3.7 22 33 20 6 2.8
(52.9) (30.6) (10.6)(5.9) (27.2) (40.7)(24.7) (7.4)

T3l oln] B.os FROPEWE Dol A sucrose
£ Wmnste] BESSH B score;3.2) 7 Ao [H]
—3t ®RE ¥

2elw X WHO & REE 4 M $2 R
ol B3l BIRC HWel A= &) w=lojof & A
o7 Ao 2#EmEC dolHE Kasai %
(1980 ) ol sucrose & #Himsled 17C/minZ T
£, AiMEste] 82%°] £ HFHKST BES A
Renard (1984) 7} K& ZHOcl 4 88 %2 #:#
BS ¥y3 ARcd= Ko oAx o4
KR A1) o U ) 3 Hsh o

HBoEMAE ) 41> Chupin ?} De Reviers(1986),
Williams ¢} Johnson( 1985 ) o] 43} 79.6 %,
B4 %] #FF&, Shell 7} Shekon ( 1987 )o] 5.0
M glycerol ol 0.5M sucrose 2 #pust PBS &
TR 2 st M Rl ol
#3E 95 %9 AfFRNEclE L ERE Holyp
A=k

olz gl AL AN ERslo Mo b3
FRAESS [EMENA & HRY B
< MES Yol 2e # ERol YA o}, Xk
BROUETE ERy BT S B 7 TRESHl 10%
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AR MBI 3 MM ikl B3 AR 5

glycerol, 10% sucrose & ¥itnA1%] i, Chupin
7} Reviers = 2.8M glycerol ¥} 0.5 M sucrose
&, Williams &} Johnson ( 1986 )-& 2.0 M glycerol
7} 0,5M sucrose & Stell } Shelton (1987 ) &
glycerol ©] 4.,0~5.0 MollA] sucrose 7} 0,25~
0.5 Mo| WS RISt $2 mEe #isl
gow, ¢e 2 HEMES HM2E glycerol 3}
sucrose RS MINAA oo «hE FEK RKBol
gipelolol & Ao g B

Table 2 = 745 BRF ¥ BEREN =&
HHES FDA-test © Jep) Ao 1-Fol4
= BREY] P-57} 72.6 %2 FREE oA
714 EEsIH.on Tty score - 4.3(86%) &
2 KRSl 3.9 (78 % )Rt T EHtS vehd
ot

g, N-0olA = WM 0.9 %7 7Hd 22
WS Mol T2 9 2-Fofl A= REE
#A7b score 3.1(62%) 2 WM 2.7 (54% )
¥l RIS RS BT oo REHES] N
-0ell A 24.7 %R b B EMHel S22 e
2 vebiteh,

gl 3-Fol % MBEHAZL 3.3 (66% )9 score
Z REEWS 3.9(78%) ¥t K/lH 2, 4-F
ol 4+ BRREM7E 3.7(74%) = KIS 2.8
(56%) Bep= & £8E ®wste ot

ol E IFAMo T ksl RIS T score
3.8(76 %)% HHEHS & score 3.2(64%)
B} & £ FHRS o Fch ( P C0.1).

ki el &R Kasai % (1982 yo| #iE3H
SBEEE BRESNA 64~70 %9 £HFZ,
Zmigol ol 20 ~39 %0 AFERC BE
s}g o, Nieman ( 1985 )& bovine FHFFS- Fij
ko] FIHEN Al 46.2 %, BIBEHANA]  54.2%
2 X R HRS #HEm Holx ook EF
Bifoll Siell 2} Shelon (1987 )& 816 HHIRLE
2 7hxl v SR 90 % LIS RS @4
3l 27 Tsunoda 2E(1982), Rall 3} Polge
(1985), Nieman(1985)2 W RA F& A%}
BARESH ZrEIER RAES vteluojof Mgtk A HE
ot ZhaEo] Hohu stg ol oleig Ao g ¥ q
B el HREST ®EE st sleon EEEK,
WESEE 2 kel el S REREN &%
Foll £ZR7 g Ao A7ty o S B3
RARE BT R RS dodAol I A
2 Ensch

Sucrose & T #% RIEIEEEC] KT A ET
A7l BB RHBEER coainer ol 2] S
HBE RS Table 3ol #B7E ule} o] M ¥
A7 A RIS S Ao P-5;57% P-
4;17%, P-3;14%, N-0:7% Ft5 4.0(80 %)
9] score 5 bl 1 9l 0o], LNy containeroix
= P-5;569%, P-4;49%, P-3;229%, N-0; 0
%, T scorex 3. T(T4%)E MEETAANY
AT HF 2871 Aot HE#S B
o] 9okl ol o] LNy container ol 4] THES
Byol M ZEA 7R} AR} 2 EBAT U

Table 3. Effects of freezing procedures between cell freezer and LN, container

on mouse embryo

survival evaluated by FDA-test.

No. of

Method of

No and (%) of survival embryos evaluated by FDA-test

. embryos Score
freezing frozen P-5 P-4 P-3 P-2 P-1 N-0
Cell @ 167 95 29 23 6 1 12 4.0
freezer (57) an (14) 4) D) M
LN, b 142 79 5 3l 3 13 11 3.7
container (%) ) (22) 2> 9 8
5 min

a,b; Room temp. — —-77C(!1C min)

! seeding

— —35C(0.3C/min) — —196 T
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on, computer 4l Aol FES ovt K
S HEE = AR RE%el A9

A el MRG B B, Frak ¥
(1985 ) ol bovine ZHFHRl A MEZAH A W
& 27.4 %, LNy container Hf59) 26.6 %9t
+ HEHe ddn Bad s —gete e
o, A EEA Y @S LNy connainer?] ol
delA, 2r- TRES EEER BEE R &
Q) WS E o) Ao o® FHE + ¢
< 7k s s 3

£3}, Williams 9} Johnson ( 1985 ) %2 LN,
container 5 o} £l mouse FREPHNS] & T
85%9] O AR HEsIGen, = container
RS Ekol w23 ERETIQl FiBtel oA HE
o mEst Bil ks Hstd K& A8
Utz AAstg ok 2] Krag ¥ (1985), &
A (1986 )% 0.5M sucrose - FRiNS BHESHE
2 o|23%}e] murine 3} mouse BRoll A} 67 ~ 89 9%,
o] 4#H %S, Chupinzl Reviers( 1986 ) 3= ratol|
4 B4 ~87% SHFHEL ¥udte LNy container
ORKS RIS BRIl o HiHET SRTE pre-
dehydration A|Z] e @M% AlfEStct o 81 o},

olei3l HRE FrAMC L BRIl He, LNy
container ofl A2] HE WEEHES FoS] Ve 2
Uorn g Mpksolol & A2 sREH NS &
B2l predehydration ¥} sucrose dilution o] B
ojok 9 Ao Mrwch

wm =

Mol 10 %  sucros & Fihusted WX
(LN9) container ol A} & HWEE A (1-F; 0.3 T
smin, 2-F;3~5C,min, 3-F;15C min, 4-F ;
LNy container 7&§E )& &S &, 4714 4F
ol w3 HAT WS RiFSly ol & EH
BF BEhTRES R pstet o v M BT
m#E 3 R Bl MRS RES BRE E
#robm o5z

1. Glycerol #EHNE =} Brmol
et LN containerol A whghsr =, HESHE

sucrose 5 7

o whii FDA-test score? Mz 1-F (3.8),
3-F(3.6), 2-r(3.2") &3 4-F(3.2) 4
o EEA HEMEe) ekt (P 0.05),

2. LNy container of| A AL o, REE
o) BR(3.8)7F HRIHE 9 (3.2 )M} LFFHo| &
kel ( P < 0.01 5,

3. 10% g b BR 3k
well #pnsted DAY EEHHREB O LNy container
ofl 4] Y W score i & 4.0, TR HE

< gk

sucrose <+ glycerol
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