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Study on the Vitrification of Human Blastocysts
1. Effect of Cryo-Solution and Developmental Stage on
the Survival Rate of Vitrified Blastocysts

S. H. Kim, S. W. Lee, J. H. Lee, S. M. Kang, S. M. Lee, S. K. Lee, H. G. Yoon®*,
S. H. Yoon*, S. P. Park*, H. B. Song™ and J. H. Lim*
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SUMMARY

This study was conducted to investigate the effects of vitrification solution and develop-
mental stage on the survival rate of vitrified-thawed human blastocyst embryos,

Human blastocyst embryos were cryopreserved by vitrification using EFS and GE sol-
ution, and their survival rates were examined after thawing and further culture, EFS sol-
ution was consisted of 40% ethylene glycol, 18% Ficoll 70 and 0.3 M sucrose. GE solution
was consisted of 25% glycerol and 25% ethylene glycol. Embryos were exposed to EFS and
GE solution by 2 steps and 3 steps, respectively, and plunged into liquid nitrogen after
loading into 0.25ml plastic straws. Blastocysts were classified into 4 groups in accordance
with their developmental stage: into 1) EEB, 2) MEB and 3) EdB, of blastocysts devel-
oped on day 5, and 4) 6d-Bla(the blastocysts which formed on day 6). The blastocysts at
each stage were vitrified by GE solution and cryopreserved in LN, After thawing them,
we examined their survival rates, respectively.

The results of this study were as follows:

1. The survival rate of blastocysts vitrified by GE solution was 64.4%, significantly

higher than that(5.7%) vitrified by EFS solution(P<0.001).

2. When the blastocysts were vitrified by GE solution according to each developmental

stage, the survival rates of EEB, MEB, EdB and 6d-Bla were 65.9%, 65.9%, 73.2%
and 58.1%, respectively.

* x} g vt o} AR el (Seoul-Maria Ob. /Gyn. & Maria Infertility Medical Institute)
* u} -+ &2 2283} (Department of Animal Science, Taegu University, Korea)



In conclusion, the cryopreservation of human blastocysts by vitrification is likely to

have a marked advantage in terms of cost, work and time as compared to the conventional

slow freezing in IVF-ET programs.
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g2 BR(Trounsons}t Mohr, 1983)8 o],
Hjote] MEET AALE Fol7] A% o7 1A
4 2E&Yo] A&HA A= gltH(Cohen %,
1985; Menezo ¥, 1992; Kaufmann %, 1995). |
ote] FAREL O 4AE FAMNINIT AT
QA &S FANIY @ FEA 295 24
9 A7HE ZE £ e A Fol Yo, 2
B 9 %¢F Human IVF programsel* 2483 o
& 8 o3 i (Kahn %, 1993; Van Voorhis
£, 1995). th 5 5-2] Human IVF centersel A 3} €
H3 e FAWE 99 YL A7)
gE = e 2~3A%t0] 247, B Fo 95
Ahrt AvEY, 32 A9 A F¢ 478 F
gEE d7de J&AYD Fo)g AR de F
G@el g}, ol @& vy 1 AL G
3] A E o] o] AEH et 53 2%
3} FAL /&Y AT AE FH7E o6 g
FARAE 29 WEAY Ao gong §3
F Axe AEA P g v FHAHon, 1
o] THFE A F oo Ho] A7/t Ed
8 382 9lrHKasai F, 1990; Yang 5, 1992;

Mahmoudzadeh &, 1994; Ohta &, 1996: Vander-

zwalmen %, 1997).

Ralls} Fahy(1985) 7t A3 wjol& o183t 22
2 549 AFE AR BT o] F A3 F
2T AF ot o]y o g Akx} Aite] w(Rall
S 1987 H AN 243t FH9 Adrt FHE ol
ALZHA AF7} )RR, HT ARAME
g9 FAWURY e3je] X3} T o %
F& FAWHC] AoA ALE 7t ot A
&g o AfAelztz EiH3 Uth(Leibost
Loskutoff, 1993; Mahmoudzadeh %, 1994; Pol-
lard ¢} Leibo, 1994).

2218 A& HAA Y S W E7] HsA
2 $2 B3AY A FFHon 1FE
9] 3 RIA EAL Zo|7] daME w ¢ w
& &£%2 FZo| olFojxet FH(Fahy ¥,
1984). $4 R3A Y F7H} T L Y& &) F
83 4g& A=Y F 29 ethylene glycol, fic-
oll, sucrose®] EN(EFS ; Kasai %, 1990)3}
glycerol, ethylene glycole] &% (GE ; Yang
%, 1992) ¢} AH8-0] FFH o rt. EFSE Kasai
(1990)°] A#S A3} gdo] Lo AT
olél E7|(Kasai %, 1992), 47 (Zhu ¥, 1993),
& (Tachikawa %, 1993; Mahmoudzadeh %,
1995) EollX AFAA A3 FAol RIHUT)
B3 GEE 4 Zul7] vjote] 248 FHAN £
AEgel Bad v} Ytk (Yang &, 1992; Saito F,
1994). ol Az M X wlole] 23} 4=
A3 AAAQ Al Evro] B3 (Ohta F, 1996;
Takahashi &, 1997)® ul 3lom Xujr] wjo}e]
223 $42 A% A= B3I (Vanderzwalmen
5, 19978 v} gloy o} 7kA] QAzk wjole] A
3 A g A7 27 @Ay nFE 44
olt},

wEtA] B dAe A7F Xejr] wjolg Fd Y3
SATA o wet 2A3FE F AESEE AL
24 71F BaAQ Xu7] wete] xx8 FAY
& Ngstaa F£3 A

M 5wy

1. SAluHot

Z2243t $4 A% ¥ HlokE Human IVF
programsojl A} @ojR TR Je) Aot 3
TE 4~59F L dTFAE) Tl gt SNE
uj 7 uh o (o) 8} ‘Xuf’et )9} IVF-ET F do] 1}
e Y] FARE 2~3YFS A X} FejIE
o A E o2 B



2. Dt R @ XA

‘Fuf @& GnRH-agonist(Buserelin) &) % + ©7]
%] 3, FSH/hMGE& °]-8-3td fr=3ten,
7ol 17~18mm o[l FE7 277 oY §<d¥
79 10,000 IU hCGE F439 A& g f %
st dAE hCG ¥ F 36~38A1 7 3o I 4
ZETE o] 43t GEE FAsA AFAaH,
AR dAE Y45 et B/ F 10% hFF
(human Follicular Fluid)& 3718 YS W d4 (3
5, 199%6) 22 AN FATHE Y5 WA
37¢C, 5% CO, vh 7)o A uj st
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#) ul gl AH&-& YS vl ¥y L 110 mM NaCl,
5 mM KCI, 1 mM CaCl,, 0.8 mM MgSQ,, 20 mM
NaHCO; 2@ 5 mM KHCO7} £ 2 0.2 mM
taurine, 1 mM glutamine ¥ 0.1 mM EDTA7} 3
7+ 91tk % 3 mM sodium lactate, 0.4 mM so-
dium pyruvate ¥ 10ml antibiotics antimycotic
solutiono] A7HE e MEM<%9] non-essen-
tial amino acids$} vitamins ¥ RPMI16409) 1/2
4% 2] amino acids7} H7FEANTH(E &, 1996). &
AL wFYg e 10% hFF, A& & wjgde 20%
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RE X+ 20% hFF7} 3A71€ D-PBSE 7| &
|90 2 gHen, 23 FH = EFS¢ GE &
Jg A=zste AHSAT. EFS $29& 40%
(v /v) ethylene glycol(E), 18%(w /v) Ficoll 70
(MW 70,000; Sigma Co. U.S.A.) 2 0.3 M su-
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EFS%-9 & o] &% 243} §4-& Mahmoudzad-
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587 4 BRIAE AAGL2N AdASA.



# left to right(unit'mm): Heat Sealing & Sealing Powder, 0.5M Sucrose, Air, EFS, Air,
EFS(+**embryo column), Air, EFS, Air, 0.5M Sucrose, Cotton Plug & Heat Sealing

Fig. 1a. Configuration of 0.25ml straw loaded EFS solution before vitrification.
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% left to right(unit:am): Heat Sealing & Sealing Powder, GE, Air, GE(**embryo column),

Air, GE, Air, 0.5M Sucrose, Air, 0.5M Sucrose, Cotton Plug & Heat Sealing

Fig. 1b. Configuration of 0.25ml straw loaded GE solution before vitrification.
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o} EFSZ9 4&8L& 5.7%2 ¥ vtd, GER 9
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Table 1. The survival rates of human blastocysts vit-
rified by EFS and GE solution

No. (%) of embryos

Vitrification
solution* Vitrified Recovered Survived
EFS 38 35 2( 5.7)
GE 46 45 29(64.4)°

* EFS : 40% ethylene glycol + 18% ficoll + 0.3M
sucrose

GE : 25% glycerol + 25% ethylene glycol

*b Values with superscripts were high significantly
different (P<0.001).



Fig. 2. The morphology of human biastocysts before vitrification and after thawing( x 100). (a: expanding
blastocysts before vitrification, b: blastocysts exposed to GE solution, ¢: blastocysts at Oh after
thawing, d: re-expanding blastocysts at 18h after thawing)

2. YActAof e =X13 £4-8l8t ¥ TuY
o MEE

Fuje] wgGAo] wal EEB, MEB, EdB,
6d-BlaZ2 £#F3leq GE&goz A3 £4-§3)
T ¥ AEEL BFY A5 Table 29 2k X
v ¢] By A o] & EEB, MEB, EdB, 6d-Blag]
AE &L 74z} 65.9%, 65.9%, 73.2%, 58.1%= 1}
eytty. EdB9l &8 73.2%= M} B4y

— 149 —

6d-Blae] A&&0) 58.1%2 7b¢ FRAAT #93
Q1 Aole YAt

0 F

&7 E249¥-2 Human IVF-ET programsel| A]
ANEA O 2 ALG-8he A YOI B A7k o]
fo] 285E Dol Sl FAAAFE T
dele B2 xgo] AnHolgt. FENMe 2



Table 2. The survival rates of human blastocysts at
each developmental stage vitrified by GE

solution
No. (%) of embryos
Stage* — -
Vitrified Recovered Survived
EEB 45 44 29 (65.9)
5day MEB 41 41 27 (65.9)
EdB 43 41 30 (73.2)
6 day 6d-Bla 43 43 25 (58.1)
Total 172 169 111 (65.7)

* EEB: early expanding blastocyst; MEB: middle
expanding blastocyst; EdB: fully expanded blasto-
cyst: 6d-Bla: 6 day blastocyst,

Fxo 5 RIA Y Ao 2 YFAY o] HE A
ZH el FAo] o] FojX = 243} FHE Ynt3 o
2 Ag3t3 g9ley}, Human IVF-ET programsei
A 29 A7zt gl Bavt i AAT
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o] Mu=e ged, 7] AFAL] Bl
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A (Scheffen &, 1986)& AM&-3 ftou, HId
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1992; Tachikawa %, 1993: Zhu %, 1993: Mah-
moudzadeh 5, 1995). =% 2% JHAH T4 235
A& EFAE g 2213 AT Wol BAHT
ot (Massip &, 1986: Valdez %5, 1990; Ishimori
%, 1992 : Yang %, 1992; Saito %, 1994).

£ Ay AFS3t EFS492 #H2o 719 ®ol
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hikawa $(1993)& A ¥u| & one-step method=
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89%)& B.38l )
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ANee gHE A3t th. £§ Takahashi ¥
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2 223 239 2 974 ¥uje EFS4
A-g o] 43 o FAFHR HYPL ol Fo|A A &%



A5 Ao Al EFS89-% o] &3 223 Aol
HAHsA @& Ao AgHy 24 g8 T
AFQ Aol BEFHolor & 2 Zrh. 22y Xuf
t GEg9oz F2dx 3gA=z 243 F4¥
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E A9 w ul Y 54 Tuist Mg 6dA X
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.
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(P<0.001).
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