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Effect on Survival and Developmental Competence of Vitrified Mouse Embryos Using
Various Cryoprotectants and Cooling Speeds

Jae Kyun Parkl, Young Eun Goz, Jin Hee Euml, Hyung Jae Wonl, Woo Sik Leel,
Tae Ki Yoon', Dong Ryul Lee'?”

!Fertility Center of CHA Gangnam Medical Center, CHA University College of Medicine,
’Department of Biomedical Science, College of Life Science, CHA University, Seoul, Korea

Objective: Vitrification requires a high concentration of cyroprotectant (CPA) and an elevated cooling speed to avoid ice crystal
formation. We have evaluated the effect of different combinations of cooling rate and CPA on embryonic integrity (developmental
competence) in order to increase the efficiency of vitrification without impairing embryo viability. We hypothesized that the
combination of CPA or the increase of cooling rates can reduce the concentration of toxic CPA for vitrification. As consequently,
we performed experiments to evaluate the effect of various composition of CPA or slush nitrogen (SN,) on the mouse embryonic
development following vitrification using low CPA concentration.

Methods: Vitrification of mouse embryos was performed with EM grid using liquid nitrogen (LN,) or SN, and different
composition of CPAs, ethylene glycol (EG) and dimethylsulfoxide (DMSO). After vitrification-warming process, their survival
and blastocyst formation rates were examined. For analyzing long-term effect, these blastocysts were transferred into the uterus of
foster mothers.

Results: Survival and blastocyst formation rates of vitrified embryos were higher in EG+DMSO group than those in EG only.
Furthermore, the group using SN, with a lower CPA concentration showed a higher survival of embryos and developmental rates
than group using LN,.

Conclusion: The combination of EG and DMSO as CPAs may enhance the survival of mouse embryos and further embryonic
development after vitrification. SN, can generate high survival and developmental rate of vitrified/warmed mouse embryos when a
lower concentration of CPA was applied. Therefore, these systems may contribute in the improvement of cryopreservation for
fertility preservation. [Korean. J. Reprod. Med. 2010; 37(4): 307-319.]

Key Words: Vitrification, Etylene glycol, Dimethylsulphoxide, Cooling rate, Slush nitrogen
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Table 1. Composition of cryoprotectant solutions used in this study

Pre-equilibration Equilibration Concentration Warming solution
solution solution (sucrose only)
Exp. 1 1.5 M EG 5.5MEG+1.0M Su 55M 1.0M,0.5M,0.25M, 0.125M,0 M
1.3 M (7.5%) EG + 2.7M (15%) EG+15% 48M 0.5M,025M,0.125M,0 M
7.5% DMSO DMSO+0.5M Su
Exp. 2 1.5 M EG 5.5MEG+1.0M Su 55M 1.0M,0.5M,0.25M, 0.125M,0 M
1.3MEG + 5.5MEG+15% 7.6 M 0.5M,025M,0.125M,0 M
7.5% DMSO DMSO+0.5M Su
3.5MEG+15% 5.6 M
DMSO+0.5M Su
1.5MEG+15% 3.6M
DMSO+0.5M Su
27MEG+15% 48 M
DMSO+0.5M Su
Exp. 3 1.3MEG+ 3.5MEG+15% 5.6 M 1.0M,05M,025M,0.125M,0 M
7.5% DMSO DMSO+1.0M Su
25MEG+15% 4.6 M
DMSO+1.0M Su
3.5MEG+15% 5.6 M 0.5M,025M,0.125M,0 M
DMSO+0.5M Su
25MEG+15% 4.6 M
DMSO+0.5M Su
Exp. 4 1.3MEG + 1.3MEG+7.5% 24M 0.5M,025M,0.125M,0 M
7.5% DMSO DMSO+0.5M Su
1.8 M (10%) EG+10% 32M
DMSO+0.5M Su
27MEG+15% 48 M
DMSO+0.5M Su

Su, sucrose; EG, ethylene glycol; DMSO, dimethylsulphoxide.

Jae Kyun Park. Effect on Survival and Developmental Competence of Vitrified Mouse Embryos Using Various Cryoprotectants and Cooling Speeds. Korean J Reprod
Med 2010.

4. S2{A| HEie] HA (SN)E ALEeH |28 5. dll (Warming)
2z

3t sZ2% wjolrl F-2HE EM gride A4

WhEes F7HA717] 1% SeA] e A A HIAET]AA FHA 27 o] HHsiglon &
A5 o]gdly] 9% WHe A9 FEld 24 3= EM gridE 1.0M, 05 M, 025 M, 0.125 M, 0 M
HPHE e o R e EQar wpx]al FHA] A sucrose &-ooll ALH o7 77y 25734 TS
Vit-Master (IMT, Ness Ziona, Israel)E ©]-8-3 TH=] 24 gl AEA o] sAdAAE A|A
2 &Yl e dael Atk sttt mix|Eto ® wjgFol o 2 2~33] A v

-310-



K373 M4z, 2010

& vpolo] Holgle MPHAR §7A 37T, 5%

Al 0.5 M-J sucrose= 01%7\9\3 A= %ﬂjﬂr@%

) =

Fabdom Atk § F 48-1247 B
R e
R

37°C, 5% CO, W7ol A wjekslar Aef= o

zZ A73sk Abeje] wjoluts MHsle] o] AlstgiT)

v AbeE e AMgek gl w A
o ICR vh9-2 AL AW & ol A ARG
S A 2 Ehe A deis

2.5 dpc (days of post coital)2] =H]¥H 2]
)3 vl A Sl AEFT (Ketamine, Huons, Seoul,
Korea)?} 5 o]¢t 2+ @ WAo| FL& kA9l

<= (Rompun, Bayer Animal Health Co., Ansan, Korea)
= 129 HERE A2 nFHAE A ASE Vs
O & 0.002 mg/gd FEE B Yo FAbste] A
0312 LS, sl e 5 Sl 9

AT F oF 1 em AR AT Th A 5915

oﬂ 10~157H§_— ol =
7. SHEM

woke] WrerEl akE HAbol s Ao

=
[e)
AAQ1 #2412 one-way ANOVA (Duncan test)=,

Table 2. Survival and developmental rates of mouse embryos treated with various vitrification solutions and cooling

speed
Treatment (solution) No. (%) of embryos
Embryo  pre_equilibration  Equilibration LN/ Concen- Vitrified Survival ~ Blastocyst  Expanded/
stage SN2 tration (%) (%) Hatching
blastocyst (%)

Control 107 106 105 104
(99.1£3.0)° (98.1£3.0)° (97.2+3.0)"

1.5 M EG 55M LN, 55M 104 95 77 74
EG+1.0M Su (91.3+2.7)" (74.0+22)" (71.2+2.1)

6~8cell 1.5MEG 55M SN, 55M 105 97 89 84
embryo EG+1.0M Su (924+2.8)" (84.912.6)" (80.0+2.4)

1.3 MEG + 27MEG+15% LN, 48M 111 109 107 105
7.5%DMSO  DMSO+0.5M Su (982+3.0)° (96.412.9)° (94.6+2.8)"

13 MEG + 27MEG+15% SN, 48M 113 111 110 108
7.5%DMSO  DMSO+0.5M Su (982+3.0)° (97.3%£2.9)° (95.6+2.9)"

Su, sucrose; EG, ethylene glycol; DMSO, dimethylsulphoxide; LN,, liquid nitrogen; SN, slush nitrogen.
"*% Different superscripts within the same column indicate significant differences (p<0.05).

Jae Kyun Park. Effect on Survival and Developmental Competence of Vitrified Mouse Embryos Using Various Cryoprotectants and Cooling Speeds. Korean J Reprod

Med 2010.
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At} (Table 2).

Table 3. In vitro development (mean=SEM) of mouse embryo vitrified using five vitrification solutions

Treatment (solution)

No. (%) of embryos

LN,/

Embryo  pre equilibration  Equilibration Concen- Vitrified  Survival ~ Blastocyst — Expanded/
stage SN2 Tration (%) (%) Hatching
blastocyst (%)
Control 105 105 103 100
(100+3.0)°  (98.142.9)" (95.2%2.9)
1.5 M EG 55M LN, 55M 142 134 123 120
EG+1.0 M Su (94.412.8)" (86.612.6)" (84.5+2.5)
13MEG+7.5% 55MEG+15% LN, 7.6M 145 142 131 124
6~8 cell DMSO DMSO+0.5 M Su (97.9%2.9)" (90.3+2.7)™ (85.5%2.6)"
embryo | 3MEG+75% 3.5MEG+15% LN, 56M 141 129 124 122
DMSO DMSO+0.5 M Su (91.5+£2.7)° (87.9+2.6)" (86.5%2.6)"
13MEG+7.5% 15MEG+15% LN, 3.6M 123 55 28 18
DMSO DMSO0+0.5 M Su (447+13)" (22.810.7)' (14.610.4)
13MEG+7.5% 13MEG+15% LN, 48M 112 111 109 103
DMSO DMSO+0.5 M Su (99.14£3.0)° (97.3£2.9)* (92.0+2.7)""

SEM, standard error of mean; Su, sucrose; EG, ethylene glycol; DMSO, dimethylsulphoxide; LN,, liquid nitrogen.
49 Different superscripts within the same column indicate significant differences (p<0.05).

Jae Kyun Park. Effect on Survival and Developmental Competence of Vitrified Mouse Embryos Using Various Cryoprotectants and Cooling Speeds. Korean J Reprod
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T2 95.2%, AT 84.5%, 85.5%, 86.5%, 14.6%,
920%% HSth ole} T A= B uf FARS
Al EFN 76 M aEE2] FAAA A A2t A
ol wobe] AEES FA WEEL St
shAINE EAA FoAd2 gldloh gk 54
7} 1.5 M EG+15% DMSO (3.6 M §%)2| 45+
FAACE fro)id Al BE H H‘U‘g | Stk
whebA ol gk AFE Fal 48~55 M Atole] &
J_7]. A= .%J/} HH@gOﬂ 7}7<]— =Rk ir:l:O] S oF =

A

AATE EFF 2.7 M EG+15% DMSOZ 572 xﬂ ]

3. Sucrose =& Hgl0f| 2 SA-Bol £ M

AH wfjole] fels) FANo| A AHE3 sucrose
o] FEE 97| fdl A BE Aeld wjolE 2h2t
3.5 M EG+15% DMSO+1.0 M sucrose2} 2.5 M

Table 4. The effect of various concentration of sucrose on the development of vitrified-warmed cleaved embryos

Treatment (solution) No.( %) of embryos
Embryo  pre_equilibration  Equilibration LN/ Concen- Vitrified Survival — Blastocyst — Expanded/
stage SN2 tration (%) (%) Hatching
blastocyst (%)
Control 135 134 132 127
(99.3£3.0)° (97.8%£2.9)° (94.1+2.8)"
13MEG+7.5% 35MEG+15% LN, 56M 139 127 114 111
DMSO DMSO+1.0 M Su (91.4+2.7)" (82.0£2.5)" (79.9+2.4)
6~8cell 13MEG+7.5% 25MEG+15% LN, 46M 150 127 121 115
embryo  DMSO DMSO+1.0 M Su (84.712.6) (80.7+£2.4)" (76.7+2.3)
13MEG+7.5% 35MEG+15% LN, 56M 127 126 122 116
DMSO DMSO+0.5 M Su (99.2+3.0)° (96.1£2.9)° (91.3%+2.7)"
13MEG+7.5% 25MEG+15% LN, 46M 132 130 126 120
DMSO DMSO+0.5 M Su (98.5+3.0)" (95.5+£2.9)° (90.9%+2.7)"

Su, sucrose; EG, ethylene glycol; DMSO, dimethylsulphoxide; LN,, liquid nitrogen.
"1, Different superscripts within the same column indicate significant differences (p<0.05).

Jae Kyun Park. Effect on Survival and Developmental Competence of Vitrified Mouse Embryos Using Various Cryoprotectants and Cooling Speeds. Korean J Reprod
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EG+15% DMSO+1.0 M sucrose, 3.5 M EG+15%
DMSO+0.5 M sucrose, 2.5 M EG+15% DMSO+0.5 M
sucrose®] =3MS o]gste] HYg § 717} LN,
of A5 a1, 71 AIFE Table 40l 7]&3F3ick 7t
frelst sAde w2 FeElst AT g3 ol
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A TYES AES 5 ]k

.

4 Al AL ¥ste

2 frest 5499 sl 7hsAdS gelst
7] f1elA A5 Jgsiglth A HPw zul)
HlolS 2+ 1.3 M (7.5%) EG+7.5% DMSO, 1.8 M
(10%) EG+10% DMSO, 183l 2.7 M (15%) EG+
15% DMSO2] &3tde] HE 3 T N9} SNy
HAA g A= Table 59F 2o} 7+ fre2lsh 52 el
e F23t 488 - AEES et A
100%E B Ao 49+ 22 LNywroll A
92.0%, 96.8%, 98.8%, SNyl A1 94.1%, 98.1%, 98.9%
5 Bk =3k A g xu)r]e ol oz
0] 100%, LN, A 80.7%, 91.4%, 97.6%, SN,

Table 5. Survival and developmental rates of mouse embryo vitrified in various composition of vitrification solutions

and cooling speed

Treatment (solution)

No. (%) of embryo

Embryo  pre_equilibration  Equilibration LNo/ Concen- Vitrified ~Survival Re-expanded Expanded/
stage SN2 tration (%) blastocyst Hatching
(%) blastocyst (%)
Control 104 104 104 101
(100£3.0)°  (100%+3.0)"  (97.1+2.9)"
13MEG+7.5% 13MEG+7.5% LN, 24M 88 81 7 65
DMSO DMSO+0.5 M Su (92.0+2.8)" (80.7£2.4)" (73.912.2)"
13MEG+7.5% 1.8MEG+10% LN, 32M 93 90 85 81
DMSO DMSO+0.5 M Su (96.8+12.9) (91.4+2.7)" (87.1+2.6)
Blasocvst |3 MEG+75% 27MEG+15% LN, 48M 85 84 83 79
Yt pMso DMSO+0.5 M Su (98.843.0)° (97.6+3.0)° (92.942.8"+1
13MEG+7.5% 13MEG+7.5% SN, 24M 102 9% 2 77
DMSO DMSO+0.5 M Su (94.1£2.8) (82.4%2.5)"  (75.5+2.3)
13MEG+7.5% 18MEG+10% SN, 32M 105 103 101 95

DMSO DMSO+0.5M Su

1.3MEG+7.5% 2.7MEG+15% SN,
DMSO DMSO+0.5M Su

(98.143.0)" (96.2+2.9)* (90.5+2.7)+"

48M 91 90 89 88

(98.943.0)° (97.8+2.9)*F (96.7+£2.9)

Su, sucrose; EG, ethylene glycol; DMSO, dimethylsulphoxide; LN,, liquid nitrogen; SN, slush nitrogen.
" 49 Different superscripts within the same column indicate significant differences (p<0.05).
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45)°] Zuf7|7} AR Bjoltal, LNywrell A= 2t
Z} 0% (0/50), 9.1% (5/55), 18% (9/50)7}, SN0l A=
18% (9/50), 20% (11/55), 38% (19/50)7} Z}z} AFAL=
Ejoj it mljo} o2 & Abxje] A AytE A
HE SNy E ARESE A7 74| smellA o]
SHA Abake] RS STHAIEES SR 5 U
ol w3 SN, o] ARE-S HTh Bhe {3} T4 9
SEoME o] AkREe] Aite] 7hsakAl he
4 AU

9 o

[
[af

THHES HZAA % (assisted reproduction
technology, ART) <oFell Al 7Hd 7324 Q1 Al
ol 2 Hol AARe] nEEoRA 1 Fa
ol WeT ZEsm gz Folth M mepy
WAE 23 A A} vjol FA FtolA 1

Live-born offspring rate

60 1

50

40

HLN,

30

OSN,
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cd
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38% 53.3%

URIEER | n=11/50

U6 | n=19/50 / n=24/45

7.5% (1.3 M) EG+7.5%
DMSO+0.5 M Su (2.4 M)

10% (1.8 M) EG+10%
DMSO0+0.5 M Su (3.2 M)

15% (2.7 M) EG+15%
DMSO+0.5 M Su (4.8 M)

Control

Figure 1. Comparisons of full-term development of blastocysts vitrified in various composition of vitrification solution
and cooling speed. Different superscripts (a, b, ¢, d, and e) within the same column indicate significant differences
(p<0.05). Su, sucrose; EG, ethylene glycol; DMSO, dimethylsulphoxide; LN, liquid nitrogen; SN, slush nitrogen.
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