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SUMMARY

The purpose of this study is to investigate the effects of vitrification in open pulled straws
(OPS) methods on in vitro survival ability of porcine embryos. For in vitro maturation of
immature oocytes, the porcine ovaries were collected from local slaughter-house. The cumulus-
oocytes complexes were aspirated from 2 to 6 mm follicles. The collected oocytes were cultured
for in vitro maturation in NCSU-23 medium with 5 mM hypotaurine, 0.57 mM cysteine, 10%
porcine follicle fluid, 10 IU/ml PMSG and 10 IU/ml hCG for 21~22 hrs. Then, the oocytes
were more cultured 21~22 hrs in vitro maturation in medium removed hormones. The frozen-
thawed spermatozoa were washed by centrifugation 2 times for 10 min at 1,500 rpm in D-PBS
with 5.56 mM glucose, 0.33 mM Na-pyruvate, 100 IU/ml penicillin, 100 zg/ml streptomycin
and 4 mg/ml BSA. The fertilization medium used mTBM with 2 mM caffeine and 2 mg/ml
BSA and adjusted to a pH of 7.2 to 7.4. The final concentration of spermatozoa was adjusted
to 2.5%10° cells/ml motile sperm during fertilization in vitro. At 8 hrs after insemination, the
oocytes were transferred into NCSU-23 medium with 5.0 mM hypotaurine, 4 mg/ml BSA and
10 ng/ml EGF and cultured for 7 days. When the blastocysts of different stages were frozen-
thawed by OPS methods, the proportions of embryos with normal morphology were significantly
(»<0.05) higher in embryos frozen-thawed at expanded blastocyst stage (38.9%) than in early
blastocyst stage (28.3%). On the other hand, the proportions of embryos damaged after frozen-
thawing were significantly (»p<0.05) higher in embryos frozen at early blastocyst stages than in
expanded blastocyst stage. In another experiment, the normal embryos morphology after frozen-
thawing were further cultured for 48 hrs. After culture, the proportions of embryos hatched were
6.7, 20.0 and 33.3% for embryos frozen-thawed at early blastocyst, mid-blastocyst and expanded
blastocyst stages. These finding indicate the possible broader application for OPS methods, as
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frozen-thawed embryos may be accompanied by developmental stages according to requirements
of the survival ability after freezing of blastocyst stage in the pig.
(Key words : frozen-thawed embryos, in vitro development, OPS methods, pig, survival ability)
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& AE 4 HQ} TA HEA 4
40 5%, we exdd Az
o] ‘?_‘7-@‘3}7ﬂ 9-3-5t7) Wil 52
J=di(Kaidi 5, 2000,
Park 7} Ruffmg, 1992) o}a 15k A0l B2 e
Azd Yol A7t vheg o] o 54
HEA A7 b2 58 T viste a¢ A
RO 2 ¢ElA 1o (Dobrinsky, 2001), ®]Alss
9 29 4% AR B 25 o Uy
sto] A= AElE Qo] BF RES Ve F
Ao Be JBEL AT YThKim E 2001). 18
d X F7kA] o] & & o] 2 slow-rate freezingdl] ¢] 3t
97 w4 54 BES g ¥ Awyrh
AZWAA BEHE B4S B3 FA 54

AFY 939 L5 F FEIA Zated AEAA A
29} Hel(A F, 2001), o1& =

235171 93le] Centrifugation®} Micromanipula-
tiong o] &8 MEZ W AW AA F 54 %
H(Ushijama £, 1996)3 5<% T4 94E <l Open
pulled straw(OPS) 71 (Vajta S, 1997a)0] 7] &%)
A3, 1 F SRS SA-glee] A A
}E B2 OPS T4 gahe & ol4ste HA] 4
Ape] ZAtell AF 31 tH(Berthelot 5 2000). 1#]
U SleAe A FASe] 52 BE ATt
ALHo R FPEo] gout FH FHT o]
gk A At Aol o|FoAA PSS W
ol zi(F 3, 2006; <F F, 2004; 7] F, 2002; 3
5, 1998; o] £, 1997, A &, 1990), OPSHe] 2]
T A SR FA-g 9 o]0 A AT
o olFojx o} ol FE HF RS Ao tHe)
5, 2006; ©] T, 2004; 7119 %, 2004ab; Kim &,
2001) mEiA] B Ao A& 1}94 4 A Fs

£ H2gA7E wH OPS'{oll <3

&
=

EHZl wWE 7] £4 F& o 1%i %To}@l
TA-& = AEA
4 BRE AASE Sgste] A9 %’—i‘
a3zl gho

1. 712 B

o] Ao e g A9 wiokg 3] J1E )
gkl o 2= 10.873 mM NaCl, 0478 mM KCl,
0.17 mM CaCl, - 2H,0, 0.119 mM KH,POs, 0.119
mM MgSO, - 7H,0, 25.0 7mM NaHCO;, 1.00 mM
glutamine, 7.00 mM taurine, 5.55 mM glucose, 50
#g/ml gentamycino] F7+E NCSU-23(North Ca-
rolina State University-23)2 A}-&3}53th
& HELXLS 34
4 A AN 85eke] 35~37C
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o] By gol AH st 2~3A3F ool 4
AE NI YERE 10 ml AL 18-gauge
FAE ZHste] A7 2~6 mme] EAGRER
B 59 - g5 F AR An s M FejstH o
2 AzAz dFAEst 443 dxHdE g5
o] TL-Hepes(114 mM NaCl, 3.2 mM KCI, 2.0 mM
NaHCO;, 0.4 mM NaHPO, - H,0, 10.0 mM Na
lactate, 2.0 mM CaCl, - 2H;0, 0.5 mM MgCl; -
6H>0, 10.0 mM Hepes, 100 IU penicillin, pH 7.4,
280 Osmz AA)E 33] A AT & A9 &)
of o]-&stct

3. At Mel d=

Agd dA= FAH2z HgAoln dA
o] #dAAFH Alxdo] Al AvS A= sty
A 9] Aol AHESHATE AY 5L v gdL 5.0
mM hypotaurin, 0.57 mM cysteine, 10% pFF, 10
IU/ml PMSG ¥ 10 IU/ml hCG7} &-7% NCSU-
23(Wang 5, 1997) w oA A& A4 7] 21
~22A17k wiekatar, A9 s Fr)ole= EE%Q
FFE WA ForE $2E “é% A 7
vl kel ol X 21~22 AJZF
21 A] 8} 94 tHFunahashi 2} Day, 1993).

4 H2 +F
A FAL 48 AZHES A9 A5A 7 3
0.1% hyaluronidase7} -8 wiokaiugjol Al W7
AZE AASGT o F e FAE g
Al 38 MEste] 45 pl & o] U5 5 A
YW AAE A7 WA 39T 5% CO, &4
o] oIy ol WolFATh T2 AA straw
o 37CAA 3027+ g3 § 556 mM glucose,
0.33 mM Na-pyruvate, 100 IU/ml penicillin, 100
pg/ml streptomycin 2 4 zg/ml BSA7}F H7Hd
D-PBS¥-2 7}A 2 1,500 rpmell A 1087} 23] <
RS A ARSAT A FHL A
w2 pH 7.2~7.49) 4 2 mM caffeine} 2 mg/
ml BSA7} F7}E modified Tris Buffer Medium
(mTBM) W]l e o] &ttt Ale] 34 A=
9 HAZE e 2.5%10° cells/ml 2 ZAslo] Fn)
o 44 24 Wl 5 puIE Hrtetel A9 S

i

=

& 4Asc,

5 A ok

Aol 4 A7 7, Ae] L85 93t 5.0 mM
hypotaurine, 4 mg/ml BSA7} 3718 NCSU-23 uj
kool 10 ng/ml epithelial growth factor(EGF)S
Frrete] A9 v FA S FH 8k Th NCSU-23
kol 45 pl A 10714 9] F47E Yo 39T,
5% CO, 128|3 E3} £ 27t RAHE vl 70l
A TLZE wjFste] wiviE R Red FAHEE
A8kt

6. OPS S&-8dl

OPS 242 Vajta £(1997b)ol] K1 T2 3}
AL WEsle o] &34k 52 S 9% Holding
Medium(HM)-2 TCM-199(Gibco, Life Technologies
INC., USA)ell 2.5 mM Hepes, 20% FCS& 3 7}51
Z1E w0 2 519 0, sucrose media= TCM-
1999 0.6 M sucrose, 20% FCSE #H7}ste] AL
stk FA A EE AN ZANA vitrifi-
cation solution(VS)1-2 holding media®| 10% ethy-
lene glycol(EG), 10% dimethyl sulfoxide(DMSO)
£ sl AR89, VS2E sucrose mediad
20% EG, 20% DMSOZ #7}3te] AL&3t9ch =
A#AA4L 4 well dishell HM, VSIS H 713t & mi-
neral oil= H &3t A A|& A 2~3A/3F E<b
preincubation A A3}t 3H Y= HMo)
A7 AAE AAIgE F VSIeA] 32 5ok ¥
HE& AAIE] V82 100 pl AFd &7H tha *ﬂ
Atk AlH FAYoNA 3027 B3 HEA &
& T FA 2 pl A0 59 GAE Yol A
o Zgel oF dAE FY9T F wE -196T
LNzLH"ﬂ Aol FHAE AT AR Straw
= LN, containere] &7 7% ©]F H#s & &3
ato] Aol o] &3ttt §3 medias HM3} 0.6
M sucrose ¥ 2:1¢] B &2 EFEt thawing
medium(TM1) 2.2 Alg3slg o, TM2= HM3
0.6 M sucroseS 4:12] ] &2 T3slad Al5ty
t}. StrawE LN, container]oll A AW E ZA] TM1
mediad] o] 58 ZQF g3 5 T TM2 4] 587+
frA stk HMo A4 582 59 g3l stk

\

e
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B & T AE Y Al i
A AL, FeF o2 A vty A
& A9 wjdsta) Bd gL FASA T FejHQ
A AR wiRbE o] FAA A¥E vepl
Ue T A(ntact) 3 W H AV S4E S
(damaged)2. & TE 3}, damaged AT
g EE £ A4S ey 92 &

48 4 partia) 7 FHY E= EEFIL 4l
A AARAY B4 74 Heomplete) 2 TR
vt 182 A9 wigate BEd A FHl
HoZE A F£HTE NCSU-23 wigFdo] 5.0
mM hypotaurine, 4 mg/ml BSA ¥ 10 ng/ml EGF
£ A7hsre} 48417 vl Faked AESAS 2AbS
e

8. 54 &4
AR A4S B4 B4 Z2TQl SASE 9]
23k GLM #4]2 3o 94 A4E sty

2 1

Table 19]A ebd wiel Zho] ) l
g SAEE R OPS WHos

£ 9979 B8 4 NG AAE 2
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S ob wiRER 5 S7) wiwka ) 74z} 283, 3
38.9%2) AAg Hol FoFHd Zole UA
ggou Eg SAVt &5 E %Enazi
Ql FAeo] g A3
o Fdl= 7] winkx
ol 4 ztzt 71.7, 65.59 61. 1%E urEMM e
© AAHA dskoyt s AV wE
% u}o] Blo}q_

A AL OPS 7/HO = Eé
How Aol wilulZE 4817} wjj ok

< Table 20| VJep i ATk vl Rtz 7|
48 A1 7 vl ok & W-So] R +A
Eoh wiRtE 5l 5] wiwkErt zhzt 2
333%E HERAATE 48217 Mg T ﬁ}lﬂ
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Table 1. Morphology of porcine embryos after frozen-thawing by OPS methods

No. of No. of embryos

Morphology of embryos thawed (%)

bslzisf:c;sft embryos recoverecli after lnfact Damaged
frozen thawing Partial Complete Total
Early Blastocyst 55 53 15 (28.3)° 21 (39.6)° 17 (32.1) 38 (71.7)
Mid-Blastocyst 62 58 20 (345 17 (29.3)° 21 (362) 38 (65.5)
Expanded Blastocyst 57 54 21 (38.9)° 13 (24.1)" 20 (37.0) 33 (61.1)
** Different superscript letters in each column indicate significant differences (p<0.05).
Table 2. Development after in vitro cultured for 48hrs in Frozen-thawed porcine embryos
Stage of embryos No. of embryos No. of developed to (%)

cultured cultured Expended Hatching
Early Blastocyst 15 3 (20.0) 2 (13.3) 1 (67
Mid-Blastocyst 20 5 (25.0) 1 (5.0 4 (20.0)
Expanded Blastocyst 21 7 (33.3) - 7 (33.3)
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dl, Electron microscopy grid(Park %, 1999), Open
pull strawi(Lewis %, 1999; Vajta %, 1997b)3}
Nylon-loop(Lane3} Gardner, 2001)5°} 725 ]
ok Vajta 5(1998)& OPS Wo] 543 §3) &
£ TR LH, 4 HIAE 22 TLE AN
TOoEH EAS FRATE AR &4E £
= Ro® BRI OPS Wyo] 47 #2317
AHEE YRR LNl A3 o] strawr} o
OUER 52 £o el 93] bt &2
Z 7ol AR o1& 71eH<l TA sAd
o v ARH] T4 HeE ol8E F U&
ALz Azt tHKim 5, 2001). 181} OPS =3
BES A, & B7) 54 B2 Asr AAZL
SHE W 2 2o &3] T7e HHe A
S LAy ARt o Aas A gtk 542
= F uAle g dold B4 wnao)
Z2% AL -89 34 F A49E S
AS FF 2 ALY Aotk slEeE
T Aol B ARAe Fa BAHA
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Axd ] 98ge] FoF F7MPOEN Yzt
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Z Y= glucose$} sucroseS 71 Wo] AT

THKim %, 1996; Rayos =, 1994; Zhu =, 1993).
E Q3= OPS vitrification ¥ ol 218t == wlut
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AL AEsek O 25 54-83 F 4%
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FollA o] &H OPS T2 Wil THA g42 A
o2 ARHY, FF HA AT FH 9%
A FEW e ula) AF3 cortical granule cell, 34 &
el e vl Aok dAE T2 PH A
S HoA #¢ g d77F 87Enh

M @

A= Open Pulled Straw(OPS)XH o 2] s)
S e =X ST Ao AE THE HAE

At FAHUACE S5 dabe] A9 A
& ste, A dhe EEA Igaigen,
HFAERE FAde dAE A7 2~6 mme) ¢
EZRRE d2A FA FYol 3o F5atg
o 558 B4% Bael A 45E Slskd 5 mM
hypotaurine, 0.57 mM cysteine, 10% W<, 10 U/
ml PMSG % 10 IU/ml hCG7} &&¥ NCSU-23
v ke ol A 21~22 AZF Uil ¥, S2E &4
AAG 4 aiFd ol A 21~22 A7+ F¢t
7b wiekslgih 2 A £AHE fste FA-
gt G2 5.56 mM glucose, 0.33 mM na-py-

b 2 of

2

a-

7]
2

oo o

ruvate, 100 TU/ml penicillin, 100 zg/ml streptomy-
cin @ 4 mg/ml BSA7} 3¥7}¥ D-PBS & 7}x 2
1,500 pmel A 1037+ 28 AQEE A st
ARSTE A9 FHE A% WP pH 72 ~
7.4901 41 2 mM caffeine¥} 2 mg/ml BSA7} ¥ 713
mTBM ¥ 2 o] & Arh A& FAHA A
HZE Er 25x10° cellyml2 23Ut 4
A1 &, A9 E&E Hsted 50 mM hypo-
taurine, 4 mg/ml BSA 2 10 ng/ml EGF7} d7}9
NCSU- 2302 &7 747 vikS ALedth
I F Uitz o] of8 wAldA OPS He o) &
2-B&snh O 23, $4-83 & Fysee
2 AAA AT gL 27] wiitE(28.3%)
Hoe 3 M EG8.9%)EANA FAUE o
FHo s 54 Yelxthp<0.05). ¢4, $2-§
q F ANE Y AT v &S FF vz
Hoh= 7] wiRkx DA A FAE T TN A
FolHos 2 AL RATHp<0.05). = &
AYNH, FHE 5239 ¥ YHsRoz 3
491 FHTE 48N 7h W FR2 o, Haiching

Higtz 7] GANM FH-gH G FF BN 2zt
6.7, 20.0 % 33.3%% & A7}

Fal £ AELEE =A JEigeh 2 A7 2
F2 R, SN T FA-g3 F A=A

@A Bl LTFHW B APl o]&H
OPS 57 wiol WA 888 Aoz ARy,
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