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SUMMARY

The present study was carried out to investigate the effects of cryoprotectants, equili-
bration step, freezing rate, culture condition following i» vitro fertilization, and age and de-
velopment stage of embryo by freezing with conventional slow freezing and vitrification on
survival of frozen-thawed Korean native cattle(KNC) blastocysts produced i vitro.

The KNC blastocysts produced in vitro were equilibrated in 1.8M ethylene glycol or 1.4M
glycerol and cooled from —6¢C to —35C at —0.3C or —0.6C /minute. When equilibrated
in 1.8M ethylene glycol, survival rate of frozen-thawed blastocysts was same in both —0.
3¢ /min and —0.6°C /min cooling rate(71.4%). With the equilibration in 1.4M glycerol,
survival rate was higher in —0.3%C /min(63.6%) than in —0.6C /min cooling rate(53.8%).
For vitrification of the KNC blastocysts produced 7# vitro, they were equilibrated in 2-step
or 3-step exposure to vitrification solution(25% ethylene glycol + 25% glycerol). Survival
rate was similar in both 2-step(45.0%) and 3-step exposure(47.4%). According to culture
condition following in witro fertilization, higher survival rate was obtained for blastocysts
co-cultured with bovine oviductal epithelial cell(BOEC, 77.3%) than for those cultured
with epidermal growth factor(EGF, 65.7%) or for those co-cultured with BOEC + EGF
(54.8%). According to embryo age and development stage, higher survival rate was
obtained for 7-day embryos(70.0%) than 8-day(56.8%) or 9-day(20.0%) for blastocyst
stage and obtained for 8-day embryos(74.3%) than 7-day(62.5%) or 9-day(42.9%) for
expanded blastocyst,

In summary, higher survival rate of frozen-thawed KNC blastocysts produced in vitro
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were obtained by using ethylene glycol for cryoprotectant and —0.3C /min for cooling

rate. And higher survival rate were obtained with co-culture with BOEC for culture con-

dition following i vitro fertilization and with 7-day blastocyst or 8-day expanded blastocyst

for embryo age and development stage.
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FBS 7t 20% %718 Dulbecco’s phosphate buf-
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ethylene glycol(Sigma)< 1.8M #7tated =)
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Fig. 1. Equilibration of blastocyst with 1.8M ethylene glycerol.
A : intact blastocyst before equilibration( X 200).

B : dehydrated blastocyst after exposure to 1.8M ethylene glycerol for 5 min(x200).

C : rehydrated blastocyst after exposure to 1.8M ethylene glycerol for 20 min( < 200).
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i

Fig. 2. Three step equilibration of expanded blastocyst with vitrification solution(VS).
A : Intact expanded blastocyst before equilibration{ x200).
B : Expanded blastocyst after exposure to 25% VS for 1 min{ x200).
C : Expanded blastocyst after exposure to 50% VS for 1 min(x200).
D : Expanded blastocyst after exposure to VS for 30 secs( X 200).
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Fig. 3. Embryos frozen-thawed and co-cultured with BOEC for 72 hrs. ExB, HB, HB; indicate
expanded blastocyst, hatching blastocyst and hatched biastocyst, respectively( X 100).
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Table 1. Effects of cryoprotectant and cooling rate during slow freezing on survival of frozen-thawed KNC
blastocysts produced in vitro

Cryopro- Cooling No. of embryos )_“*ﬁhiovgfinbgos SUT‘_/LVE_dF(j o
tectant rate frozen thawed EXB HB ExB + HB
Ethylene —=0.3TC 28 8(21 4 14(50 0) 20(71.4)
glycol /min
—=0.6C 14 4(28.6) 6(42.9) 10(71.4)
/min
Glycerol —0.3¢C 22 1(4.5) 13(59.1) 14(63.6)
/min
—0.6C 26 8(30.8) 6(23.1) 14(53.8)
/min

ExB : expanded blastocyst : HB : hatching or hatched blastocyst

F}, Suzuki %5-(1993)2- ethylene glycol § % e Aol A wivkx o fEst FEE % #
F —=30Cc7tA —0.3¢C /meJr ~0.5C /min % dlﬁ}&"“"] HE S 50% frelst FAolA] 17 H
2 W BE-ga & 72417 Azl Ao A7l #3023 falsk §94(25% v /v ethylene
AEEL {2l zpo]7}h gllont Egunly 2 glycol + 25% v /v glycerol)ell & 7]= 2%hA H¥
982 —03TC/min 52 YZAHE w64 % 25% frelsl &, 500-rr3]§} G-ofo A Z}7} ]
6%)7F —0.5T /min 22 YrAHE w22 2 EE 3 3027 fEl3t 8o 7] 39
6%6) ok wodvhal ste] B Ao 4 ethylene gly- Hygo] 54§39 HHHP“‘QJ Aol vz AEFS
colZ Hd Fof —0.3C/min® WEE7F —0. H) gk i 2 J*‘dﬂr 3Ur7ﬂ é o] mE A&
6C /min WYzt & ol Hl3] Ho @St wds 2 7hzh
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o\

2}
Wzr e 7ba —0.3C /min 52 YA =

= A Aol o] &5 28 Ede 24 s+ Wag-
ol B4 gl T YEE S Folvd FuElgd HAoE tendonk %(1995) ¢ 6.5M glycerol + 6% BSA

AbE EIT} + 25% glycerol + 25% propanediol &9, Ishim-
ori 5(1992) 2] 25% ethylene glycol + dimethyl
sulfoxide, Mahmoudzadeh %(1995)2] 40% eth-

m

2. 72|35t LA 2|5 A HEHEH 2|

Table 2. Effect of equilibration step of vitrification solution during vitrification on survival of frozen-thawed
KNC blastocysts produced in vitro

Equilibration No. of embryos No. of embryos survived (? (%)

step frozen thawed ExB HB ExB + HB
2 20 8(40.0) 1(5.0) 9(45.0)
3 19 6(31.6) 3(15.8) 9(47.4)

ExB : expanded blastocyst ; HB : hatching or hatched blastocyst
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Table 3. Effect of culture ondition following in vitro fertilization on survival of frozen-thawed KNC

blastocysts produced in vitro

No. of embryos

Culture condition —

frozen thawed

BOEC 22
EGF 35
EGF + BOEC 31

ExB HB

No of embryos survived (%)

ExB + HB
3(13 6) 14(63.6) 17(77.3)
7(20.0) 16(45.7) 23(65.7)
7(22.6) 10(32.3) 17(54.8)

BOEC : bovine oviductal epithelial cell : EGF : epidermal growth factor
ExB : expanded blastocyst : HB : hatching or hatched blastocyst
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(1992) += @M £ 9 buffalo rat liver(BRL)
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Table 4. Effects of embryo age and development stage on survival of frozen-thawed KNC blastocysts prod-

uced in vitro

Embryo Development No. of erabryos
age (day) stage frozenthawed
7 B 10
ExB 16
8 B 37
ExB 35
9 B 5
ExB 28

No. of embryos survived (%)

ExB HB ExB + HB
1(10.0) 60(60.0) 7(70.0)
5(31.3) 5(31.3) 10(62.5)
7(18.9) 14(37.8) 21(56.8)
10(28.6) 16(45.7) 26(74.3)

- 1(20.0) 1(20.0)
3(10.7) 9(32.2) 12(42.9)

B : blastocyst : ExB : expanded blastocyst
HB : hatching or hatched blastocyst

—-133—



o] e m(71.4%), glycerol
§o] —0.3C /min® YzkA] 63.
672 —0.67C /mini ¥ ZhA] o] 53.8% Kt} UL
Tora ]88 (25% ethylene glycol + 25% glycer-
yoll 29HAl =& 394 ¥3 & Kl s 23
7} Fal £ Aot A3 AEES 47 45.0,
A% Hl=E vk Al A F ozl ke
73-_ Fall i e) AE8 S %1}’?}7]
7} 77.3%% EGF #7bu -
bS] A 2 el A 9] B4, 8/011 v 3k
A £ 7,8 9UH 01 u}]ﬂ}ﬁ = Uk

£

b ot A e4A vinkze =
A-gd & Y& G5 dA FaAgAA 2 Y
7r&w o 9lol A& ethylene glycole] o] &3} —(.
3C /min WzZtEnolA woton], AdFE Fo

Wtz Ac g e dAFIAEE FuldAzE &

o 1t i =
oL, rgvhel A wSTAAlE ﬂHﬂH{el 3%
= 7EE, i = 8L A 2
Zogs

Eyestone WH and First NL. 1989. Co-culture of
early cattle embryos to the blastocyst stage
with oviductal tissue or in conditioned me-
dium. J. Reprod. Fert., 85:715-720.

Han YM, Yamashina H, Koyama N, Lee KK
and Fukw Y. 1994. Effects of quality and
developmental stage on the survival of
IVF-derived bovine blastocysts cultured in
vitro after freezing and thawing. Theriog-
enology, 42:645-654.

Hasler JF, Henderson WB, Hurtgen PJ, Jin ZQ,
McCauley AD, Mower SA, Neely B, Shuey
LS, Stokes JE and Trimmer SA. 1995. Pro-
duction, freezing and transfer of bovine IVF

embryos and subsequent calving results.

Theriogenology, 43:141-152.

Ishimori H, Miki Y, Kishi M and Saeki K. 1992.
Vitrification of bovine embryos. Theriog-
enology, 37:228.

Kuwayama M, Hamano S and Nagai T. 1992.
Vitrification of bovine blastocysts obtained
by in witro culture of oocytes matured and
fertilized in vitro. J. Reprod. Fert., 96:187-
193.

Kuwayama M, Fujikawa S and Nagai T. 1994.
Ultrastructure of IVM-IVFE bhovine blastoc-
ysts vitrified after equlibration in glycerol
1,2-propanediol using 2-step and 16-step
procedures. Cryobiology, 31:415-422.

Larson RC, Ignotz GG and Currie WB. 1992.
Transforming growth factor £ and basic fi-
broblast growth factor synergistically pro-
mote early bovine embryo development dur-
ing the fourth cell cycle. Mol. Reprod.
Dev., 33:432-435.

Leibo SP and Loskutoff NM. 1993. Cryobiology
of in vitro-derived bovine embryos, Theriog-
enology, 39:81-94.

Liu Y, Wang S, Holyoak GR and Bunch TD.
1996. Survival rates of ¢n vitro produced bov-
ine embryos cryopreserved by controlled
slow-freezing, fast-freezing and vitrifica-
tion. Theriogenology, 45:177.

Mahmoudzadeh AR, Soom A, Ysebaert MT and
Kruif A. 1994. Comparison of two-step vitri-
fication versus controlled freezing on sur-
vival of in witro produced cattle embryos.
Theriogenology, 42:1389-1397.

Mahmoudzadeh AR, Soom A, Bols P, Ysebaert
MT and Kruif A. 1995. Optimization of a
simple vitrification procedure for bovine
embryos produced in vitro: effect of devel-
opmental stage, two-step addition of cryop-
rotectant and sucrose dilution on embryonic
survival. J. Reprod. Fert., 103:33-39.

Massip A, Zwalmen P and Ectors F. 1987. Re-

—134—



cent progress In cryopreservation of cattle
embryos. Theriogenology, 27:69-79.

Massip A, Mermullod P, Wils C and Dessy F.
1993. Effects of dilution procedure and cul-
ture conditions after thawing on survival of
frozen bovine blastocysts produced in witro.
J. Reprod. Fert., 97:65-69.

Mclntosh A and Hazeleger NL. 1994. The use of
ethylene glycol for freezing bovine embryos.
Theriogenology, 41:253.

Myers MW, Rocha A, Denniston RS, Broussard

JR and Thibodeaux JK. 1996. Post-thaw sur-

vival of bovine embryos following in vitro
maturation, fertilization and culture., Ther-
iogenology, 45:176.

Pollard JW and Leibo SP. 1994. Chilling sensi-
tivity of mammalian embryos. Theriogenol-
ogy, 41:101-106.

Rall WF. 1992. Cryopreservation of oocytes and
embryos: methods and applications. Anim.
Reprod. Sci., 28:237-245.

Rodrigues JL. 1996. Effect of pre-equilibration
in 1.5 or 3.6 ethylene glycol on the survival
of day 7 IVMFC bovine blastocysts vitrified
in EFS solution. Theriogenology, 45:168,

Rorie RW, Xu KP and Betteridge KJ. 1990. Ef-
fect of culture on the post-thaw viability of
cryopreserved, in wvitro fertilized bovine em-

bryos. Theriogenology, 33:311.

Suzuki T, Yamamoto M, Ooe M, Sakata A, Mat-

suoka M, Nishikata Y and Okamoto K.
1990. Effect of sucrose concentration used
for one-step dilution upon in wvitro and in
vivo survival of bovine embryos refrigerat-
ed in glycerol and 1,2-propanediol. Theriog-
enology, 34:1051-1057.

Suzuki T, Takagi M, Yamamoto M, Boediono
A, Saha S, Sakakibara H and Oe M. 1993.
Pregnancy rate and survival in culture of ¢

vitro fertilized bovine embryos frozen in va-

rious cryoprotectants and thawed using a
one-step system. Theriogenology, 40:651-
659.

Takagi M, Otoi T, Boediono A, Saha S and Suz-
uki T. 1994. Viability of frozen-thawed bov-
ine IVM /IVF embryos in relation to aging
using various cryoprotectants. Theriogenol-
ogy, 41:915-921.

Takagi M, Sakonju I, Otor T, Hamana K and
Suzuki T. 1994. Postthaw viability of the in-
ner cell mass of in vitro-matured /in vitro-fer-
tilized bovine embryos frozen in various
cryoprotectants. Cryobiology, 31:398-405.

Voelkel SA and Hu YX. 1992. Use of ethylene
glycol as a cryoprotectant for bovine em-
bryos allowing direct transfer of frozen-
thawed embryos to recipient females. Ther-
iogenology, 37:687-697.

Voelkel SA and Hu YX. 1992. Direct transfer of
frozen-thawed bovine embryos. Theriogenol-
ogy, 37:23-37.

Voelkel SA and Hu YX. 1992. Effect of gas at-
mosphere on the development of one-cell
bovine embryos 1n two culture systems.
Theriogenology, 37:1117-1131.

Wagtendonk-De Leeuw AM, Den Daas JHG,
Krup AM and Rall WF, 1995. Comparison of
the efficacy of conventional slow freezing
and rapid cryopreservation methods for bov-
ine embryos. Cryobiology, 32:157-167.

Zhang L, Barry DM, Denniston RS, Bunch TD
and Godke RA. 1993. Birth of live calves
after transfer of frozen-thawed bovine em-
bryos fertilised in vitro. Vet. Rec., 132:247-
249.

Zwalmen P, Touati K, Ectors FJ, Massip A,
Beckers JF and Ectors F. 1989. Vitrification
of bovine blastocysts. Theriogenclogy, 31:
270.

—135—



