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Studies of the Improvement of Vitrification Seolution
in Mouse Embryos by Ultrarapid Freezing.
1. Effects of the Combination of Cryoprotectants in Vitrification Solution
on the Survival of Frozen-Thawed Mouse Embryos.

College of Agriculture, Cheju National Univ.

Ko, G.R, J.K. Kim, M.S. Kang, B.Ch. Yang, M. S. Moon

SUMMARY

Studies were carried out to find the freezing media which gives no ice crystals in single(glycer-
ol, ethylene glycol, dimethy! sulfoxide(DMSO)) and mixture solutions(glycerol + propylene glycol
glycerol + ethylene glycol) of permeable cryoprotectants in vitrification solution and to study ef-
fects of VS on the survival of vitrified mouse morulae.

The results are summarized as follows:

1. In toxicity test of permeable cryoprotectants, the higher FDA-score{4.1) of mouse morulae
frozen in 20, 30 and 40% single solution of cryoprotectants(glycerol, ethylene glycol, DMSO) was
obtained in 30% solution. The FDA-score(4.1) of 30% glycerol was higher than 30% ethylene
glycol(3.6) and DMSO(1.4) (P<0.05).

2. 20, 30 and 40% single sclutions of permeable cryoprotectants containing m-PBS with 10%
sucrose and 20% BSA did not crystallize during cooling, but crystallized during warming. Howev-
er, the 30% mixture solution of the two permeable cryoprotectants did not crystallized both dur-
ing cooling and warming.

3. When mouse morulae were frozen in 30% mixture solutions of two permeable
cryoprotectants(glycerol and propylene glycol, glycerol and ethylene glycol), highest FDA-score(4.
5) was obtained in a mixture solution of 20% glycerol and 10% ethylene glycol(20G10E) than
other 30% mixture solution(10G20E, 15G15E, 20G10P, 15G15P, 10G20P) and there was signifi-
cant difference between 20G10E and 10G20E(P <0.05).
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Figure 1. Configuration of vitrification solution, dilution media and air bubble in 0.25ml straw,
just before loading embryos(A) and after sealing with straw powder(B).
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WA EHEB S 0.25ml plastic starwol] #1313
o} starw powder2 ¥U% ¥ LN; container
off A4 FHAZHT. 1EF 38C water 520
&4 TEEHA AW strawdl 9 FHAL X
fol RE Rew 1FHAR, EWHA ¥
AL kAol ¥AHA 9 Ao HFHA
t}. gtdolaly HRHEHA ¥ sampled Kb
ol YAY Hog FHFoH 58 wEHIHA
c}.

4. SEIMME 5%(vitrication solution(VS))

TR BEAY vitrification testoll A k& ol
YAHA G& EURHEL vitrification solu-
tiono 2 713 Hgon, # FHAYAM 4&
&°l 714 ¥& 20GI0E(20% glycerol + 10
% ethylene glycol)#& vitrification solution® 2
A3t 4 £4& membrane filter2 o3¢
¥ ACoA w@sdd.

5. B&¥E MHiBE(vitrification procedures)

vitrification solution& 1mlFA}717} AFE
0.25ml plastic strawo] PS(PBS + sucrose),
air bubble, PS§ ZYso 2uHAG. & 4
Yol ALE Y FMIE LETAE morulac] o

-9 - R L Anim Sci : 7~16



I % : Mouse SHIPS HBHEE

petridishol] 50 12} VS dropell 3 Fo o
& dropell 8 FHch THIIE £ R8T drop
€ vlgl #8¥ strawol] 98 ¥ air bubble,
PS&o 82 FY3lo] straw powder2 HY(H
Astgeh. d 2l 5, 10, 208 T HY 3
224] LN; containero] X3l 7—-15¢9 =0t
A7st Aot

6.8 M

1-2F%¢ 78z #Ed AAFHIY strawsE
38°C water batholl A} HH3| TEHA MK
#H oo, straw Ul &5 & watching glassol] ¥
I HA29 A4 PSR §HY. 28F £
§pE PBSE My MHsgen, Y 54
ol £ HHES FDA testE o] &3t gch

ro

B3

1. &RPIES &

FDA 43%#%5%E : 5mg FDA/ml acetone9
stock solutiong 1:400,0009] H|-& 2 PBS9]
WwrEstdch sdlE sAYE 185 FDA £
o] dropoll A ®iYd¥ F m-PBS2 AW A
A3t on] HABMBMRLE 4EE HEID
=3

FDA — score & th&3 o] #4H3AG

pS : 100% ﬁfﬁ j— Positive
P, 1 80% olAF %t

Py 1 60% ol #X Partial
P, 1 40% ol X I
P, 1 20% ol i

PO : A3¥ BH3A ¥ — Negative

P FDA —score thg 2o oldte] A
=5l

Mean score=[(A X5)+(Bx4)}+(Cx3)+
(Dx2)+(Ex 1)]/N
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%), 3.2(64%)%ct. FDA —score= 20% &} 40
%t 30%oA © ®gkoen 30% glycerol#}
20, 40% 2] ethylene glycol AlojolAl # &itol
219 o B{({P<0.08), 20, 30% DMSOo|A &
&8 3 mouse morulae®] FDA —score= 1.8,
2490 HEMKS YAHP>0.05). 2FA
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Table 1. Effect of the concentration of permeable cryoprotectantson the survival of mouse moru-

lae frozen rapidly in liquid nitrogen

Cryopro— No.of No. of No. of embryos evaluated Mean
tectant embryos embryos by FDA test® FDA
(%)* frozen recovered Ps P, P, P, P, Po score

Glycerol
20 24 19 8 0 3 3.2"
30 60 50 27 14 4 0 0 4.1%¢
40 40 33 14 7 0 3.9%

Ethylene

glycol
20 42 37 10 6 12 3 2 4 3.2
30 60 51 20 14 8 2 3.7*
40 45 38 6 10 11 7 4 0 3.0

Dimethy!

sulfoxide
20 40 34 4 5 3 3 5 14 1.8°
30 50 44 2 7 7 15 12 1.4+

Values with different superscripts are significantly different

(s> c—d e P0.0]1; =P, P<0.05).
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ole] FAREAFHE M si7t g, FE
FAHA e HEolH GEY FEE A/
Hog “ddxo]Aci(Rall et al, 1987;
Szell & Shellton, 1986a).
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Table 2. Occurrence of crystallization in freezing media during rapid cooling in liquid nitrogen

and warming in 38°C water

Concentration of permeable cryoprotectant

Cryoprotectant 20%

30% 40%

Cooling Warming

Cooling

Warming Cooling Warming

Glycerol —
Ethylene glycol -
Prophylene glycol -
Dimethyl sulfoxide -
20% G + 10% E
15% G + 15% E
10% G + 20% E
20% G + 10% P
15% G + 16% P
10% G + 20% P

+ o+ + +

+ 4+ + +
H W H W

|

All the transparent samples were considered uncrystallized and were scored (—)

opaque

and all the

samples were considered crystallized and were scored (+).If only all the samples

turned opaque once, it was considered crystallized and was acored (+).Each treatment had 5 rep-

lications.

€ ot B8 gAY TPEHY &4
7103 Aol obdrt Azt Kasai(1990)

2 30% Ficoll & & 30% Ficoll + 20% su-
crose & 371 m—PBSe 40% glycerol®}
ethylene glycol& MM &H XiLol Y45
A G BuHAdc MEARY FaAL
WS BRA MEHHEAN PYHE
B3 /A Fed MEYWRA XRER
< Mol 383 RAHA FA &R 45
ol MEHo] HAMY YL YEFo2H X
7} g3 " ch(Szell & Shelton, 1986ab). A X &
o AYANL FHABEAY Fxv & o
W@y FRHAGLS HEHY HEF:E
F7INALEAN MEI 5 9o € A

¥R HAYHYE AR ANA Ral
& Fahy(1980)o of#A vitrification o]
ALEA = vitrification® FHA] WA YA
flol FREEH] AAA FHAol Z3A H
of ZMB}H=RoR FAHNAG. 23U
vitrificatione solutione& 20.5% DMSO, 155%
acetamide,10% propylene glycol, 6% ethylene
glycol2 TFAHUT. Valdez%(1989)& 25%
glycerol®} 20% propylene glycol2 JAHE
vitrificatione solutioned] A ¥& HPE§&
At #3, KasaiF(1990)& 40% ethyl
ene glcol, 30% Ficoll, 20% sucrose® FAH
£ vitrificatione solutioneol ] £& HZ&E
Ay wusge
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B ool WyAel ¥PHA U= glycerol 3. %A% AN REMR
3} ethylene glycol, glycerol?} propylene glycol

glycerol#} ethylene glycol, glycerol®} pro-
o 30% TPEAE A 2& vitrification solu-

pylene glycold] 30% JREBHSE mouse
morulae®] &L (FDA —score)oll ulix& %3

8t o Table 33 4014 B F1 gich

tione. 2 At

Table 3. Effects of the mixture of glycerol and propylene glycol on the survival of the vitrified

mouse morulae

Cryopro— No. of No. of No. of embryos evaluated Mean
tectant embryos embryos by FDA test(%) FDA
(% )* frozen recovercd Ps Py Ps P2 P, Po score
10G 20P 30 24 3 12 4 4 1 0 3.5
(13) 50y (171)y  (U17) (4) (0)
15G 15P 30 25 6 5 8 3 0 3 3.2
(24) (21) (83) (13) (0) (13)
20G 10P 30 29 11 6 8 3 1 0 38

(38) (21) (28) (10)  (3) (0)

* 10G 20P : 10% glycerol + 20% propylene glycol
15G 15P : 15% glycerol + 15% propylene glycol
20G 10P : 20% glycerol + 10% propylene glycol

Table 4. Effects of the mixture of glrcerol and ethylene glycol on the survival of vitrified mouse

morulae
Cryopro— No. of No. of No. of embryos evaluated Mean
tectant embryos embryos by FDA test(%) FDA
(%)* frozen recovered Ps P, P P; P Po score
10G 20E 30 29 13 7 1 3 3 2 3.6t
(45)  (24) (3 (10) (o) (7)
15G 15E 30 30 15 10 1 2 1 1 4.1%
(50)  (33) (3) (M (3) (3)
20G 10E 30 25 18 5 1 0 0 1 4.5%

(12) Ay 3 (0 (0 (3

* 10G 20E : 10% glycerol + 20% ethylene glycol
15G 15E : 15% glycerol + 15% ethylene glycol
20G 10E : 20% glycerol + 10% ethylene glycol

Values with different superscripts are significantly different(*—", P<0.05)
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Table 304 Ko FEo] 10G20P, 15GIS5P,
20GI10PYA EHH mouse morulaeo] P2 G
< Z7 3.5(70%), 3.2(64%), 3.8(76%) 2 A
fre2d S A gHP>0.05), 20G10P A 100
% EFse Poo] X 8(38%)0l 15G15P(24
%)t 10G20P(13% )8t o &7 oEo 20G
10E7} dlifsA ki ¥ 2] mouse morulaed] ] 7}%
AAA Ao g Yeldo

a2]32  Table 4eld  10G20E, 15GI5E,
10G20Eo 4 £ Z ¥ mouse morulae?] 4 &=§
o 7tzt 3.6(72%), 4.1(82%), 4.5(90%)01¢]
oo 20G10E2t 10G20EAlojoll 4 o]0l gl

Sl (P<0.05), 10G20E9} 15GI15E, 15GI15E
9k 20GI0EAleloll M e f9Adol gl
20G10E9] P5(FDA —score) o] B ¥ §(72%)o]
10G20E(45% )¢9} 15G15E(50%)5t} 1] &
AHE Bde a2y 20GI0E7E mouse morula)
AEE U B2 A¥E . Aol
49150l 20G10P(Table 3)Xt} 20GlOE
(Table 4)ell4 o ®& HE§E Lgo=H
2 gyl 8" 71 $& vitrification solu-
tionZ glycerol’s T ol 4 20% v ehtylene gly-
cole] 10% & F(20G10E)7} A|Y &7} o]
Joe A& EdFn U FdgHdor
Miyamoto & Ishibashi(1977), Szell & Shelton
(1986a)% & glycerol, ethylene glycol, propyl-
ene glycolo] mouse 3¢9 T A Fi}Ao)
A Hng wiglon, Kasai(1990) & 30
% ethylene glycoldl A ZE# ¥ mouse morula
o] IR HiEH(98%)3 glycerol(88%)o]
propylene glycol(16%)8t} oy vty w7y
At Table 3% 4o} HoF:50] glycerolst
ehtylene glycole] proplene glycol® t} mouse
ZHSIEAS 0 A Aoz dusc

%7] Rall®} Fahy(1983)9] vitrification solu-

tiong ol w7l vl ol FAAAH 0] step-
wise mannerg® 5 79l 25(207C, 4°C)el
A Agsolopt o, B H¥Y MERE
vitrification®} 78 & Aol i3 whio R
FeE i Mol A oofrt St

V.5 =

R
Hog MEd &é# s 5 H(glycerol,
ethylene  glycol and

vitrification solution®] g# & =

sulfoxide

(DMSO)) ®E& # M (glycerol+ ethylene gly-

dimethyl

col, glycerol+ propylene glycol)oll A k%8, o]
WA ¥ b delHQ Eesne MR
o, o] FAAANM B2EHL T mouse em-
bryoso] 4 ZEgol nja= A3 FeAsr Y
st AASPon BHE #2E g 3
o,

L GERYM eEmY 728 A dgel
o] 20, 30, 40%9 WMEo® %2 % mouse
morulae®] FDA —-scoret= 30% (glycerol, ethyl-
ene glycol)oll 4 9tod, 30% HZHFE eth
DMSO(1.4) 5t} glycerol
= AEEE B9 FUd (P<

ylene glycol(3.6);
(4Dl A o 3
0.05).

2. m—PBSd| 10% sucroses} 20% BSAE 3
3 20%, 30%, 40% BRAGHERZ S
kEgol FAHA Fgod, mm@lds
Magel Hagd wiE, 30% T HEAldlA
T FEF} g BE WA d4HA

rir

3. F7HA EAM §EmY @4 2gdA 20
% glycerol#l 10% ethylene glycolif & if%
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(20GIOE)el ©& 30% T4 (10G20E,
15G15E, 20GlOP, 15G15P, 10G20P) st} i
%8 FDA —score(4.5) & ¥4tk
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