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30
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WTO

1.
Real-time B mode
(Pie medical, Netherland) linear probe (5 MHz, )
Probe
probe
sector scanner transducer guide
75 MHz ultrasonic transducer (Axial array sector probe) , guide
transducer
, transducer
regulated vacuum pump
(50 -160 HQG) , 19 20 gauge
needle . needle monitor
biopsy line

regulated

vacuum pump  foot switch ,

OPU

GTH 1,3



GTH

OPU . GTH 3 (FSH,
FSH-P PM SG) . bovine
somatotropin(bST; BOOSTIN-S, LG Chem)

13 OPU
1 2
: 1 3
( =0) 3 4 ,9 10 15 16
3 2 5 6
2
2. OPU ,
OPU 1 :
18 gauge 10
W-TCM 199 2 ( 2-8 ) ,
3 BSA, 2 mM sodium bicarbonate 10 mM
N-[2-hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid]( HEPES) washing
Tissue Culture Medium 199( W-TCM199) 10% FBS, 25 mM

sodium bicarbonate, 1 mM glutamine, 25 / , Denka Pharm., Japan) 1 / estradiol

TCM 199
10 ng/ epidermal growth factor( EGF) cysteamine(0 100p M)
W-TCM 199 3, TCM 199 1
well 30-50 39 , 5% CO:, 95% incubator ( 5%

CO: incubator) 24

swim-up , modified
Tyrode's . glutathione
(reduced form; GSH) 0 20mM

22 . (05

[ straw) straw 37 30 5



0.8 Tyrode's (PH 74)

8-10 Pasteur pipette 0.2 5% CO:
incubator 50 swim-up . 0.6-0.7 15
2 , (500% g, 5 ). hemocytometer 50
x 10° / 200 /  heparin (Sgma Co., USA)
heparin 5% CO: incubator 15
swim-up Tyrode (pH 74) 3
4-6 3 , 5% CO: incubator
Heparin 4 2.0x
100/ , 5% CO: incubator 30
Percoll BO Tyrode
0.3% BSA, 0.003% sodium pyruvate 0.37% sodium lactate
percoll . 22 90% percoll 2 , 45% percoll 2 15
centrifuge tube 1-2 straw ,
(discontinuous percoll method) 2 counting
2 10x 10° / BO Tyrode
heparin
Tyrode's
30
SOFM pipetting
2 SOFM 1
5-6 incubator
8 10
30
2 BSA-V(bovine serum abumin-fraction ), BSA-FAF (bovine serum
albumin-fatty acid free) 10% FBS(fetal bovine serum) mSOF
10 , OPU
5
10% FBS

15mM glucose 12mM phosphate



2 5 10% FBS
, 05mM sodium citrate SOFM
glucose phosphate ,
2 5 10% FBS
Vitamins SOF
Pantothenate 3y M, Choline 5u M ,
PVA SOF , 10 ng/ EGF
, 1 ng/ FGF
SOF PVA myo-inositol 2.7 mM
BSA
M 199 myo-inositol
3. OPU
Slow freezing 18 M EG 10 7
2 8 7 03
30 Vitrification Ethylene glycol glycerol
10% glycerol 5 , 10% glycerol 20% Ethylene glycol
5 25%EG 25% Gly 30
PBS 10% FBS, 1% AA
Propylene glycol
glycerol , Ethylene glycol Ficoll sucrose(EFS) Ethylene glycol glycerol
Linoleic acid albumin
( LAA) 0, 0.01, 0.03, 0.1, 0.3% IvVC
5 35 15
DPBS BSA mSOF  10% FBS
2,3 , 50  droplets mSOF 39 , 5% CO2, 7% Oz, 90% N-:
OPU 25
PGF.a 11 2 , 1 3,1



30 (standing estrus, 0 )

. OPU
20% FBS
PBS 0.25 French straw 1 Cassou gun (
)
OPU
straw  loading ,
, Straw
(Day 0) 6 ,
hCG(human chorionic gonadotropin) 1,500 IU
hCG 0 ,6 10
45 60
280
1.
185 ( 18 22), 195 (19 21), 226 (22 24),
251 (22 27), 50.7 (50 57), 609 (60 64)

3



OPU ,

85
22
(20.0%)
( 22 [/min)
OPU
OPU
410 359%
Super-OV, FSH PM SG
, FSH PM SG
GTH  somatotropin
PMSG bST
FSH PMSG
35
OPU
80
(P 0.05
27 38% , 8-

OPU

GTH
, GTH

(53.2%)

40 10
40 90
(P 0.04)
70
40

10

112
3.1

30.1% 15
, heedle guidance
A, B D
, FSH (35.6%)
OPU
OPU ,
90
14 29 13 21%
4



40 90 10 OPU
, OPU ,
40 90 10
10 1 90%
, OPU 6 1 83%
OPU
, OPU
( 48 ) 2 ( 139 )
OPU 1 (722 vs. 66.8%)
20.5%)
OPU :
879 67.1% 603 43.0%
Cysteamine
Cysteamine (26.8 vs 16.8)
TALP BO
GSH
GSH 0 20 mM ,
05 10 mM 0 20 mM
(296 319% vs 192 21.6%).

mSOF(0.8% BSA)

Two-step culture system ,

FBS
Two-step FBS (39.5%)
BSAB@ 8 / ) PVA@O5 / )

BSA

(25.7 294%)

1% ITS

(266 vs.

100y M



: BSA

PVA

(26.7 34.7% vs 108 15.1%).

ITS

growth factor

glucose 43.7%
phosphate
05 mM sodium citrate
phosphate
279, 252 25.7%
Vitamins
pantothenate 3 py M , choline 5y M
pantothenate (36.4%) (26.9)
citrate
amino acids(NEA) (84.6%)
, citrate
citrate (19.0%)

minimum essential medium amino acids(MEM)

GSH
(773 355%)
, PVA myo-inositol

, BSA

glucose phophate

378 389%

glucose  phosphate
glucose :

394, 408 41.9%

glucose , phosphate

144%

citrate non-essential

(664 78.9%)

(319 41.9%)
N EA (41.9%)

(31.9%) M+N  (35.0%)
, 6 10

(654 699% 131 19.2%)
myo-inositol

(38.6%) (19.4%)

myo-inositol



. OPU

EFS PG Gly
(565 vs. 331.%) 494  132%)

slow-freezing  vitrification

, 1
2 , 90 1
(281 32.6%) 2 good
OPU hCG
1,500 1U (Table 37), small size( 15 )
41.2%) (28.6%) . hCG
, 6 hCG 1500 IU 355% 0, 10
(6.1 22.2%)
(48.8%) (28.1%)
(13.9).
(39.1%) (28.9%)
OPU
4 OPU
OPU system , OPU
table 11
data . OPU 674
45 . 151
, 294
37.1% 109

42



13 OPU— IVP— ET
(
(2000 : 200
(PTAM) oo
(PTAF) B ’
2 30% 80%
(PTAP)
FTAT _ TPI 10%
(PTAM) oo
(PTAF) B ’
2 30% 45%
(PTAP)
FTAT _ CTPI 10%
(EBVM) o
(EBVF) B ’
2 20% 80%
(EBVP)
9 _ LPI 5%
(EBVM) o
(EBVF) B ’
2 20% 45%
(EBVP)
_ CLPI 5%

(F.C)




— Predicted Transmitting Ability(PTA)

milk/ fat/ protein/ type; Estimated Breeding Value(EBV)

LPI(Lifetime Profit Index), TPI(Type Production Index)

- (UDC; udder composition, MS, mammary system) 30%
- : 90 () 8 ( )
( 1996-97 )
15 Heifer OPU (
/ 100 ) , OPU
heifer ,
2 3 heifer
(
3 )
2000
) (2000 ; 20 )
( , ,
) ) 8
( 1] 1] )1 ( ’ )
( , )
120

2000

2



OPU

OPU
IVF
OPU



...18

.22

.29

OPU

.34

OPU

.39

.51

OPU

.. 62

OPU

...69

.12

w7



(FSH) (PM SG)

(Nicholas Smith, 1983).

20
(John, 1992).
OPU :
(Fry, 1995; , 1996), (Pieters , 1992; Scott
1994), (Meintjes , 1995; Guyader , 1997), (Looney , 1994) (Brck
Greve, 1994) , OPU (Pieters , 1988)
(Scott , 1994; Meintjes , 1995). OPU
( , 1996),

bST ( , 1997), ( :

1997) OPU ( , 1997)

, OPU
2
thiol
; (Lee

Fukui, 1996).



Xu , 1992), (Voelkel , 1985), (Heyman , 1987)

(Shamsuddin | 1994).
(Pinyopummintr
Bavister, 1991),
(Yoshioka , 1997).

(Seshagiri  Bavister, 1991).
, glucose, phosphate amino acid Kim , 1993),
polyvinylalcohol ( PVA), sodium bicarbonate (Keskintepe Brackett, 1996)
(Bernardi , 1996)

(two-step culture system)
(Pinyopummintr
Bavister, 1994).
BSA

(Dobrinsky , 1996).
glucose

glucose



(Barnett  Bavister, 1996). Chatot (1989) CZB glucose
2-cell block , Schini  Bavister(1988)
, Kim  (1993) , Conaghan  (1993)
TCA cycle citrate Gray (1992

BSA

8' 1

Pinyopummintr  Bavister(1996)
citrate,
pantothenate, GSH my o-inositol
OPU
OPU

, Cysteamine

, OPU
OPU



glucose, phosphate, pantothenate, GSH citrate

hCG
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o 2STAEd A% dxde) Fd

zompsd % AL EAe) FUL Pieterse §(1991), Bols(19%), Bols =
1997) 2 ©l $(1997)9l WPE 83 AN, dalFl Hg3t7] A 7
271 55 A8 AU R ANPeE B T2 AR A
go2 BAE EE stanchiond] TANA FAYE Hast & F 2%
Lidocaine 5 m2 A=entd g Axstn A3 olgd 1P S8l detomidine
hydrochloride 1 mg/100 kg& A=WUY=Z FA3HeH, 2% chlorhexidineo. 2 2]&
2w s AF, Assdd. 1 F ARPAHe ARer ned AHAE A
g2 AYst) Mol &4 LRRS PITAEAZ ot A 2FIAAT. vASEA
golol UG FANE Abgstgon, @A FASWAPBS, 2% fetal calf
serum, 02% heparin)2 FAH3 2 Flag FAsAS

—~~

old

ze39 A7) sector scanner= zu)8  transducer guidedlo] 7.5 MHz
ultrasonic transducer (Axial array sector probe)E AN 7)1, guides FHZ Ay

Jate] BAS FAE & QA nA=HAT



OPU-deavios

stainiass slea tube

f fner stainless siael :
transdyces guidance tube ;
I
¢ handgrip
stainless steal | ..
5ilicons 1ubin
15+g needle conneclor ¥ staintass st tubs

h!

A ‘:-"(__]EZ:I ‘&_|—....-...-u.mmﬁﬂ ] /f{ }:‘5\

| EFSPRNNE S S |

gilicons tubs ke pinched
betwesn the stalnless sleel
pasta of the eystem

luerdock end for 194 neadis

Figure 2. A new disposable needle guidance system
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44¢ B3 AT transducerdo] ZojRr|o] AF7E FAFO A YAL
golgtgen, FAas Q38 transducere] HWZ LA F S IAE A
A

ovary, nieedio -
\k E rectelwall  vaginal wall
: i, KREHRE
‘ / OPU-device
e Z

cervix i

Figure 3. Positioning of the ovary

wAke]l FUL regulated vacuum pumpE FHFAA DA LE(-50~160 mm
HG)E ol&stgon, nygdsdae] AFHE AL 19~20 gauge U314 needle
= AH88rA T

253 oM FEE 1 § needled 43l monitor 42] biopsy lineo)
YES JAGE F IR JAARG. AR FARCZ AN AFdY
B3WE E07F daelA EAdE dX o) FAY-S 4Ydd F regulated vacuum
pump2] foot switchS ZHgA|A vl 53y ¥3td GEAL 53], 53T U
of AR B AP 2o B8 AH 2~3 m o] RE
dRA njdsdAE A G g9 shdeA @A Ak gt
A FEE FANA FhaM AR A2 SeF0] FAE B AAdd atd
Fol Qe A FA=A st G F AFA ¥ 555 e 74}
A3 AAFHE FA4 WAL QMY HE Bak AF 5P AgdE
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g PHez nASIAE 23 AU
AuaAE BRe7t QAT WEd JUFATE BATE drdaE §
A= BSE OPUE AAEHA it AN d2d +4@ dHe 49 7
Qqu o Wol FAT LRSS H42 den, 17 A ¥ HE JIND
el A¥AZ &A HS3UH

gzas YAgnEL Eelsta ddeln AA HolAstaM FAHACH, de
Loos $(1989) 2 Hazeleger 5(1995)9) 7]5(Table 1~2)o] &3} —é—%z‘;}gﬂ:}- A
¥do) FAF VAL 1Ee AAY GFAEE AUT Grade A, 3~4%) W7
MEES YUY Grade B, A2 FAAo] A3l 1~259 GTFAEE YA
Grade C, WA/} MAZ HAE Grade D2 2834 olF 2] Ao TAGAT.

=

i

Ju

Table 1. Oocyte categories according to de Loos et al.(1989)

-AYE AR gtz
category 1 |- A3 F2t AlxA
- AA dPdA B EA(COCs)7t gt 1

- ALY dTPAEY 9P 72
category 2 | - wAZ WA AXA, b& AY FY2 dAte] fgFRLo] ojFeH
- A COCs7} tha o910 £Y&=7} W3

-dTAIES] DT A3HE
category 3 |- date] MXFo] BfHsty, 72 43 #3%
- AA COCs7} 1, 2538t} o]

-GTAES R Ae R gD HAALS A
category 4 |- d2} Al EAo] EtE 30, H& AFo] B2y
- A COCs7} o}Fa Bt33
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Table 2. Oocyte morphological groups according to Hazeleger et al.(1995)

e

group 1{ - A GTAEZOZ 4o glon FAF G, FHPZY 2,
120 ym &7 ool =7

R

group 2| - AE e G S, ¢Eo] group 1o wlE w Al AR, FFel
olmg A7, A 2, 120 m o1 A%

group 3| - TS} GRAESE ZEAG SISRAst BYS7) AH, Gl %
$ AFo] glon AR A, 120 m o A7

group 4| - B33 I3 GTAEZ \4" 2t BF, Gdd oFw
AR EA, 120 i o1 A7

group 5| - group 13 frAR3LE A £ FEAETE @& A7, 120 mol

3 A7

group 6 | - corona cello] =29, ookst FAAEd 4, 120 m ol A7A

group 7| - HFAEE AAHent o] FAsH Ae 47, 120 m oY M7

group 8 | - $RU7 =&, ¥ dAAEL 23, 120 ym ©1¢ A7

group 9| - gropu 13 frAFsh Z 7 o] 120 um ©]3}F

t}. Follicle diameter, Aspiration pressure 3! Oocyte grade o w2 32 s

A 1R OPU #d 432 ARAA 74e 8l A8 3589 o
Fo uAE 4 BAe AdaRT e dgAsel A% FAA R
=13 M7 B¢ A(Table ) 71RO 2 vAe) A5 g FoF FBYS A
W wxe 279 FULAl BHE BAY PSS U WAR el 4P I
Jaha, A58 vl S 4% R 0¥ wEEL BANAG
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Table 3. Different aspiration vacuum levels and needle diameters

Author Aspiration vacuum Needle diameter
Pieterse, 1988 30 - 40 m¢ water/min 0.8-1.0 mm ID
van der Schans, 1991 40 mmHg 18-g
Kanitz, 1993 100 - 400 mmHg not mentioned
Moreno, 1993 120 mmHg 18-g
Rath, 1993 20 - 60 m¢ water/min 18-20-¢g
Fry, 1994 50 mmHg 17-g
Gibbons, 1994 75 mmHg 17 -¢g
Kruip, 1994 40 - 50 mmHg 0.9 mm ID
Loony, 1994 22 m¢ water/min 17-g
Scott, 1994 26 m{ water/min 17-18-g
Vos, 1994 44 m{ water/min 0.6 mm ID
Bols, 1995 36 m¢ water/min 19-g
Bungartz, 1995 10 m¢ water/min 18-g
Stubbings, 1995 not mentioned 18-g

EEHE T AT FX g GTH AAF date] Fale
= 9&54or AAsAY. GTH AMNaARS Q357 98 2
ol sd7 7IZbe<t OPUS sty 4 FL nmalyot. ¥ %osts GTH
Tirol weh 37 e wrol 47k Mustgth. Al 12 ¢ FSH (Super-OV) 25

=

units 99 13 397,

BN N
=
o
[OY)
N
r_}l.z

fto
il
o
o
o

75 unit X X]3FaL vRA2F 2] 1] 12A13F Fo] xS
A#HBGT Al 2902 FSH-P(Schering) & 5A% <t #guwoz 1243k 1170
S E 40 mg AL vhA A 124 00F AP A Ak A 32 e 9

_34..



g AN AHAT 229 PMSG 1000IUS FA}ale] WX 9 Z A
A% 72A0A dag FJdATG. = s= st W& bovine
somatotropin(bST; BOOSTIN-S, LG Chem) F¢]2 G ¥u§ 34 o2ne 3o

a3t

HE
o

o
sy

N

4

2

4. JANAZI) @2 OPU A
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e, 2 ol AT P BPNE AF}=R AT s gL F
L3t PATTSRE ATFA F 35A0) AP @ %
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259 AAA dagt AT Lo o4t gl AL FesT

oo R ile] Hdd AAuE T A APEe YAl 40d2E 109

o

F 23] OPU system &

TEE2 AAF}A B 2FHE Fat FAE FAe He F 18 wi =
28] A F/AANRZ FEPHBungartz F). F 13 AW wHEI]o) 3H A
Fa wo wg%ﬂ(ﬂvg 2=0) 3 FE 4, 9 E= 102 D 15
AT ol wl 2 dolA] WMol 3 m ol WEE FE Uol mE Fol
AT F 29 AHAYL WHFI] 562 Aolo] AlFsle] F 234 wE Ao 2
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2 OPU

(In Vitro M aturation)

Lee

100 1U/
0 (0.9% NaCl)

3

N-[2-hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid](

Tissue Culture Medium 199(

sodium bicarbonate, 1 mM glutamine, 25 /

estradiol TCM 199
10 ng/
M M)
18 gauge
W-TCM 199 2
Kastrop
4-well dish
2 incubator

TCM 199 1 well

penicillin

W-TCM199)

epidermal growth factor(

Fukui(1996)

100 / streptomycin 25 3

3

BSA, 2 mM sodium bicarbonate 10 mM
HEPES) washing
10% FBS, 25 mM

, Denka Pharm. Japan) 1

EGF) cysteamine(0 100

10
( 28 ) :
petridish(100x 20 ) 5
(1990) 2

well 500 TCM 199
W-TCM 199 3,

30-50 39 , 5% CO:, 95%



incubator ( 5% CO: incubator) 24

2. (In Vitro Fertilization)

swim-up , modified
Tyrode's  Fukui(1990)
5 % CO: incubator
glutathione(reduced form; GSH)
0 20 mM

Table 4. Composition of Tyrode's medium used for the treatment of spermatozoa and in

vitro fertilization

Component Units Capacitation Washing Fertilization
(pH 74) (pH 74) (pH 7.8)
NaCl mM 114.0 114.0 114.0
KCI mM 3.2 3.2 3.2
NaHCO3 mM 250 2.0 25.0
N aH 2P0O4 mM 04 04 04
N a-lactate
(60% syrup) mM 10.0 10.0 10.0
Na-pyruvate mM 10 0.5 05
CaCl2 mM - 2.0 2.0
MgCl2 mM 5.0 5.0 5.0
Hepes mM 5.0 10.0 -
Glucose mM - 5.0 -
Phenol red / 10.0 10.0 10.0
BSA® / 6.0 3.0 8.0
GSH" mM - - 0 20

*Bovine serum albumin fraction
*Glutathione(reduced form)



swim-up

Fukui (1990) 22
05 [/straw) straw 37 30 5
08 Tyrode
(pH 74) 8-10 Pasteur pipette 0.2
5% CO: incubator 50 swim-up
0.6-0.7 15 2 , (500% g, 5 ).
hemocytometer 50x 10° / 200 / heparin
(Sgma Co., USA) heparin 5% CO: incubator 15
petridish(60x 15 , Corning Costar Co. USA)
Tyrode (pH 7.8) 43 mineral oil(Sgma Co., USA)
5% CO: incubator swim-up
Tyrode (pPH 74) 3 4-6 3 ,
5% CO: incubator Heparin
4 2.0x 10° / , 5% CO: incubator
30
. Percaoll BO Tyrode
0.3% BSA, 0.003% sodium pyruvate 0.37% sodium lactate percoll
22 90% percoll 2 , 45% percoll 2 15
centrifuge tube 1-2 straw
(discontinuous percoll method) 2 counting
2 10x 10° / BO Tyrode
heparin

Tyrode's

3. (In Vitro Culture)

(Table 5)



petridish(35%x 10 , Corning Costar Co., USA) 30

mineral oil 4 39 , 5% CO: 7% O: 90% N-
incubator
30 SOFM pipetting
2
SOFM 1 5-6 incubator
8 10
30
2 BSA-V (bovine serum albumin-fraction ), BSA-FAF (bovine serum
albumin-fatty acid free) 10% FBS(fetal bovine serum) mSOF
10
OPU
5
10% FBS

. Glucose Phosphate
15mM glucose 1.2mM phosphate

2 5 10% FBS



Table 5. Composition of modified synthetic oviduct fluid medium used for the in vitro

culture of bovine embryos

Component Units Early stage Later stage Washing
development development

NacCl mM 107.70 107.70 107.70
KCI mM 7.16 7.16 7.16
NaH COs mM 25.07 25.07 4.01
KH:PO4 mM 1.19 1.19 1.19
N a-lactate(60%syrup) mM 3.30 3.30 3.30
Na-pyruvate mM 0.33 0.33 0.33
CaCl. mM 171 171 171
MgCl. mM 049 049 049
HEPES mM - - 10.50
Glucose mM 150 150 1.50
EAA® % 2 2 2
NEAA® % 1 1 1
Pantothenate MM 3.0 3.0 3.0
GSH* mM 1.0 10 1.0
Citrate mM 0.34 0.34 0.34
Myo-inaositol mM 2.77 2.77 2.77
LAA® / 1 1 1
PVA' / 3 3 3
BSA° / 8 - 6
FBS' % - 10 -

Supplementation was depend upon experimental design.
N-[2-hydroxyethyl]piperazine-N" -[2-ethanesulfonic acid].
Essential amino acids.

Non-essential amino acids.

a

Glutathione(reduced form)

o

Linoleic acid albumin

Polyvinyl alcohol
® Bovine serum albumin(fatty acid free, fraction V).

Fetal bovine serum.



. Citrate Glucose Phosphate

05mM sodium citrate SOFM
glucose phosphate :
2 5 10% FBS
, Pantothenate
Vitamins SOF
Pantothenate 3y M, Choline 5u M . :
PVA SOF , 10 ng/
EGF , 1 ng/ FGF
. PVA my o-inositol
SOF PVA myo-inositol 2.7 mM
BSA
M 199 myo-inositol
3 OPU
1.
Slow freezing 18 M EG 10 7
2 . 8 7 0.3
30
Vitrification Ethylene glycol glycerol 10% glycerol

5 , 10% glycerol 20% Ethylene glycol 5 25%EG 25% Gly 30



Table 5. Composition of modified synthetic oviduct fluid medium used for the in

vitro culture of bovine embryos

Component Units Barly stage Later stage Washing
development development

NaCl mM 107.70 107.70 107.70
KCl mM 7.16 7.16 7.16
NaHCOs mM 25.07 25.07 401
KH,PO, mM 1.19° 1.19 1.19°
Na-lactate(60%syrup) mM 3.30 3.30 3.30
Na-pyruvate mM 0.33 0.33 0.33
CaCl, mM 1.71 1.71 1.71
MgClL mM 0.49 0.49 0.49
HEPES" mM - - 10.50
Glucose mM 1.50" 1.50 150"
EAA® % 2 2 2
NEAAS % 1 1 1
Pantothenate uM 3.0 3.0 3.0
GSH mM 1.0 1.0 1.0
Citrate mM 0.34 0.34 0.34
Myo-inositol mM 2.77 2.77 2.77
LAA® mg/ mé 1 1 1
PVA' ng/ mé 3 3 3
BSA® mg/ mé 8 £ 6
FBS" % - 10 -

" Supplementation was depend upon experimental design.
" N-[2-hydroxyethyl]piperazine-N “-[2-ethanesulfonic acid].
" Essential amino acids.

' Non-essential amino acids.

¢ Glutathione(reduced form)

* Linoleic acid albumin

' Polyviny! alcohol

* Bovine serum albumin(tatty acid free, fraction V).

" TFetal bovine serum.
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433 OPU &7 4% 52 2 o]y
1 SAWEA BE FPAY §AF AT

Slow freezingH-2 1.8 M EG &fojA] 1023t A23tell B3-S HAR
sA7]0 $713 28 Hel A2 AAdAT. REES 887 —7CE FARE &
F —03THA —30T7A 373 & AL A0 B@3qTh

Vitrificationt§-2-  Ethylene glycol +glycerol-2 Abg-stgov HH-L 93t 10%
glycerol°1]/'~1 5%, 10% glycerol+20% Ethylene glycololA] 523F 2% 25%EG+
25% GlyollA] 30%7+ /A ¥ ZAsts4<S A48ttt

Figure 4. Computerized programming freezer
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2. ARSAN e FARY §F B8

A4 SFwMA=ZE PBSol 10% FBS, ‘1% AAEZ Uit ALgsiqoh
Propylene glycol +glycerol ¥ Scheffen 5(40)2] 92 WY Ro = FAHE
10% glycerol+20% propylene glycol -&olo)x 1023+ A-&3ld BEAF| 25%
glycerol+25% propylene glycol §9ellA 30xzt 4C stolX B F %2713 52
2 AAFAT FAAE 20C BN §3F FFe) PG+Clyst 1 M sucrose &
Mol A 5E3F A3t A BEH F 1 M sucrose &40 FAX 583 FZRIA
S AAsAG &3 AAA 2~33) AFH F 27} AP T A

Ethylene glycol+ Ficoll+sucrose(EFS) ¥ Zhu %(53)9] w2 Wdg Aoz,
20% EGollA 583k A& 3ol HHIF F 40% ethylene glycol+18% Ficoll+03 M
sucrose 3tollA] 3027t A2 slolAl BY F 2235 2E AU §IAE 25C
B HAIBI o™ 05 M sucrose §AojA] 583F AL 3For BY F AFulA
oA A3ttt Modified EFSH- WAl EFS T2 a4 BE S 2942 10%
ethylene glycol3 20% ethylene glycolo§ A 582t A-23}d] Ax|sle] 213} F2L
A A3kl

Ethylene glycol+glycerol ¥ Yang 5(52)cll 23] 1 ¥ PG+Glyy-& ¥¥ 3}
k. 5AJL 10% glycerold| A 583 A3loA HI F 10% glycerol+20%
ethylene glycolol X 583+ A&3lel Al HRAZT. npA=e 2 25% Gly+25% EG
ol A 303t ALt HHEF F 2A8 FALS AN, A4 A BAIFRD
FAJL 37C Lo galsAth ¢4 EG+Glyst 1 M sucrose 89, 4302
05 M sucrose £9MoA 2 F, 025 M sucrose SN A] Z} 587+ AL sfolA
AN 7 FARTAES A AP

3. Linoleic acid albumin®] A717} 4 3T AZAd vX= 9

Linoleic acid albumin(®]3} LAA) F%E 7}z} 0, 0.01, 0.03, 0.1, 03%= IVC uf
Ao ) vhste]A] wiEgr § AIARG wiREE S H A, gAY vidu] A= mSOF
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o) 03% BSAgH mSOFel 0.3% LAA7} F718 wixE ol&siyen, FHLH ]
et RE FoA 03%7F HxE =4 sta

LAAG =2EE Azl BE AR T4 - §AF ASHE W ANFA
g 4-A¥L mSOFdl 0.1% LAA + 02% BSA7} 2719 wWiR o)A 20~90h3} 90~
13807HA) W QFER R, BEFS mSOFd] 03% BSAZE 7He wiAlelA 20~138h i
o AASHA

=AM e Hochi S1)e e 7oz AAsigor], wWtEs DPESH
55mM glucose, 2mM sodium pyruvateS H7bete] Ao AMASAL, T2 2
 DPESO] 1.8M cthylene glycol& AH&3tddth 2Ezol 100149l MMES 2
So] 1087+ BRAA F TCAM AYaisin 30CAA #F 03CH A7
Z= A% oo AA YA HHAIFATH

=2 =Rae §EE 523 F/NF wF F 35T EojAM 1523 A A& T
~E2oA 23S DPBS| BSAZE H7bE WA Zup2 §7]3 mSOFe 10%
FBS/} A71E iAol A 2,339 AABFE, 50u¢ droplets mSOFe A 39°C, 5% COy 7%
Oy, 90% Np3te] wlF7]ol A F7huk 3hgich

4. OPU &3 39 o4

7b @S¢ AWE

~do= A% 1849 olold, 94A 27z Qgwusts YAt Sdke A
Aaigm AR=m, AA A7A 33 o)del YA WAFIE Hd w B4k
@ ANSE Adste] o] o8-8

Wy 7osAe] AE o]A% 4¥$S Mud 2oz JPPAE AAF AT
3 vas Ay R gAY AR (@ Ee HS BAST, FA A B (1
5~25 un) ol3l £ FEh9) crownd AW AL 15H=, gA7} okt Fen =
A 7hs 8 crowno] JE AL 25FO2 B4 o Ad T AU FA7+ 873
S7]el A8k crowno] gl AL 35For WAL 25F v FAS Ayl

s Fdsold A

o
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. WyF 713}

TEE BAFI)) £ BAIRlo] 25 ngo) PGRe S 119 7HA0 2 23
A s dglor BAEIIHE REste, 19 33, 13) 308 o)} BAse =
38 7 (standing estrus; W3 0Y) & Hol: NS L2 FA

rd
Ho

N
-

2 e R

OPU frell 432 #3499 FA 5382 ro]l £40]4q) o) astgrt.
TRERY oldo] ThEd vl Z wimEsle] e Mwste] 20%9) FBSI}
H7bd PBS wioklz}t 34 025 mee) French straw o Y Fol3ta B &
Cassou gun (T4 ol47)) Atg-ste] w d AFAR 24 Yol s e
F-oll o] 435t

R AQE Foll FAoe) WAE St FER A9 OPU ol <=4
= ST AN A5 Zuke strawol loadingdla] ol Ao Fo] 3oy, 23
T AT REHA B Age BARL gaste] o)Ago =, Al
At gddte o) & Fy gL YR g

Figure 5. Bovine embryo transfer devices
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. FR3 34

BE FETE ol 124 AAAZL, o142 oldA 37 A o4 -
o 2% lidocaine®} 5 M2 3 Auk 9 nlHE AA ATt B g% oax
#4425 f3td ASF, R 2 ERE ARG F BHH FolE EVE AAw
2% chlorohexidine® T £X 3dlo] A=3s gt o]F AFgH £olz il 3t
W ol Ak

HiE B HE o8t 2R RH mE HAES B EREAMN & o}
LEL ZWe = AN F FHAF dAA FaRo uAAAL. AU Ad AF
2ol ds =
QAT FF SES FEoR Wy Awgo s o] o)A AN L&)
TRE QA KA 3te £RF olAE AU ¥ AP A Feow
FAZ o475 AFTARENA Frse AT AATY AFe T AFL Haw
AN Thed 2438 ATAB-E FHAAL. A7t HERAA o)ANE FYF F
Agkd HIH- 5 on B FABE o)A o MRz F9lo] A
S AT AR 9ol o)At FEl gl viAE S HEING. FATHo)
A& R F o]4)r]e] Mg R e 2HARE PR on, straws ZukE 34
ste] @] 2N AARIAY o4 & SHE AT AR A
< LA FHE P Rk

jz

3 1HH vinyl coverZ strawrz} FAFE FAT o]4l7]o

J

ob. hCG Fojo] W F8-& AL

TG ol4Al2] FEIE FFE Qlste LAY (Day 0)2FH A 6dAl, S0l
hCG(human chorionic gonadotropin) 1,500 IUE & FAFsIT $=A o)Al
& AAE dzad vmstgoh. 3 hCG FoA]7]1E 09, 62 2 1022
sto] Fof dedo) whe T &S vusgh

—1>

r-{m
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Figure 6A. Untrasonograms of the
bovine ovary and conceptus on
various days of pregnancy. Sccale
marks on the left marginate in

centermeters. A:The fetus at Day 31.

Figure 6B. The ovary at Day 41.
There were a few large follicles in
the ovary contralateral to the

pregnant uterine horn.

Figure 6C. The fetus at Day 44.

Amnionic sac was seen (arrow).

Figure 6D. The ovary at Day 44.
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Figure 6E. The Fetus at Day 65. Figure 6F. The ovary at Day 65.
There were some small follicles

without large follicles

Figuré 6G. The fetus at Day 90. Figure 6H. The cotyledon at Day

The head was was seen. 190.

Figure 6. A~H 2 2439 S=gf4
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am 7z JATRZe] HE BIAI)E Table 60 RE nist o] B2 gl
1852(:89] 18~22), Elohil= 195%(19~21), Bloh¥tEE 22621 (22~24), 893}
opute 2512(22~27), BlOLSEA L 5079(50~57), A R HAF= 609U(60~64)
o ztzy AFAY & ANS

H2aHEA7)
Hot 2% -
A (B ) B4
o ) 18.5 18-22
o} ul 19.5 19~21
Blo} 4u1E 2.6 2~24
oFu}t 25.1 22~27
ot £54 50.7 50~52
==z 9 %3 60.9 60~ 64

Figure 7& A1$-9) ¥¥ ) @AAF 2534 4E HERNS AAAQ
zo3 Ao dxdoz 715 ¥ 98 Tt g3 o= 7197 (anechonic) e
g =7lo] wel o 74A el 2 ZA7P7F Ao A (byopsy line)S wat
Zapdo] AQlEs mg(Figure 79 By 2 4 on, $4& F4AA BdxdE
Folstm Y am 37 dAr 35sEn d¥ 9] enchonicd &3 Z55 3H
A AR AE AE #3AE £ U
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Figure 7. The oocytes were recovered from the ovaries by

puncturing the follicles. Note- the diagonal biopsy guideline
passing down the right side of the screen (A) and echogenic tip

of a needle (B) with a follicle of a preganant cow.

2 OPU 58 BAre) APAAEol 93L& viE A%

A AUS D ANTAM) GEEE 22 R A58 W

sos 4% GES AEAAYS ARAEE FFs] A, Aits ¥
AN oA OPUS AAF AL thg3} Zri(Table 7). AU soA 2+ AgE A
A7bse Gxe S= £ BF N2AZ AL 85700 v 2T w& BYE
QE}L,H:,&&D#, Gz} 84es So BF 3R AAse] 22704 HlE E=ioh A
279 b Hage ol FAAY Aole A Wkek ol P A A
Yoo] sl A9 dluA At Bew, GABAES AsH7) WEoR A
2},



2. OPU

OPU (Table 7).
11.2 85 ,
3.1 22

Table 7. Aspirated follicles, oocytes collected and recovery rates of cumulus oocyte

complexes (COCs) via ultrasound-guided follicular aspiration in cows and

heifers
Heifers Cows
No. of aspiration sessions 60 48
No. of aspirated follicles 672 408
No. of gspwated folhcles/ 112+ 35 85+ 21
animal/ session
No. of recovered COCs 185 104
No. of QOCS regovered/ 31+ 18 294 19
animal/ session
COCs recovery rate(%) 275 255
NO0.(%) of Viable COCs 100(54.1) 53(51.0)
Table 8 . 5 10
30.1% 15 (20.0%)
15

Table 9



guidance

Table 8. Recovery rates of bovine oocytes in

(

22 |/ min)

follicles of different diameters

, heedle

Estimated No. of follicles No. of oocytes Recovery rates
follicle size(mm) punctured aspirated (%)
< 5 111 27 24.3°
5-10 136 41 30.1°
10 - 15 93 24 258"
> 15 20 4 20.0°

**Different superscripts were significantly different (p<0.05).

Table 9. COCs classification,

recovery

ultrasound-guided ovum pick-up

rates and vaccum pressure

in transvaginal

Vacuum No. of Grade of COCs* No. of
. Recovery
pressure follicles oocytes rates(%)
(mmH g) aspirated A B Cc D recovered >
50 51 3 6 2 1 12 235
80 102 7 8 9 5 29 284
100 141 12 16 10 7 45 319
120 33 2 2 2 3 9 27.3
140 49 1 4 4 4 13 26.5
160 41 2 3 3 1 9 220




OPU Table 10 . A, B

OPU

Table 10. In vitro development of bovine recovered oocytes in relation to quality of

COCs*
Grade of No. of No. of No.(%) of embryos developed to**
COCs oocytes embryos
recovered cleaved < 16-cell M o-BlI
A 53 25 13 12(22.6)*
B 77 35 9 16(20.8)*
C 61 15 8 7(115)®
D 42 6 4 2( 4.8)

*COCs : cumulus-oocyte complexes
**Mo : morula, Bl : blastocyst

**Different superscripts were significantly different (p<0.05).

3. GTH OPU

. GTH
OPU GTH
(Table 11). GTH
410 359%



Table 11. Aspirated follicles, oocytes collected and recovery rates of cumulus oocyte

complexes(COC) via ultrasound-guided follicular aspiration in pregnant cows

GTH (1) GTH (+)
(n=28) (n=32)
No. of aspiration sessions 84 96
No. of aspirated follicles 596 912
No. of gspwated folhcles/ 71+ 18 95+ 21
animal/ session
No. of COC recovered 214 374
No. of .COC recgvered/ 25+ 0.9 30+ 29
animal/ session
COC recovery rate(%) 35.9 410
Viable oocyte(%) 99 (46.3) 184 (49.2)
. GTH
, Table 12
Super-OV, FSH PM SG
, FSH PM SG GTH

data



Table 12. Oocytes recovery from pregnant cows in Group (Super-OV 75unit), Group
(FSH-P 40 ) and Group (PMSG 10001U)

G G G

NO. of Aspiration session (cows) 54 (n=18) 45 (n=15) 63 (n=21)
Mean day of gestation 82 81 79
Follicles aspirated / cow 8.6+ 24 104+ 3.1 99+ 238
% Recovered COCs 39.2 46.7 429
No. COCs recovered / cow 3312 49+ 26 43+ 21
% Viable oocyte 48.1 52.6 512

. somatotropin

GTH  somatotropin Table 13

FSH (35.6%) PMSG  bST (53.2%)
FSH PMSG
bST

insulin like growth factor-1(IGF 1)

Table 13. Effect of somatotropin treatment on number of follicle, follicle aspirated and

oocyte collected in pregnant cow

No. of follicle

No. of No. of No. of viable
Treated Group )
Total (cows) aspirated (%) collected (%) oocyte(%)
FSH 110 (n 4) 87 (79.1) 31 (35.6)° 14 (45.1)
FSH bST* 149 (n 4) 112 (75.2) 54 (48.2) 23 (42.6)
PM SG 122 (n 4) 94 (77.0) 40 (425) 19 (475)

PMSG bST 165 (N 4) 124 (75.2) 66 (53.2)° 27 (409)




* Bovine somatotropin
* different superscripts denote significant differences (p  0.05).

4, OPU
35 40 10 OPU
(Table 14). 40 6 OPU
1 50
40 90 OPU , OPU
(P 0.04)
80 70
(P 0.05)
Table 15 . 40
90
2- 27 38% , 8- /
14 29 13 21% . OPU
40 90 04 10

Table 14. Number of antral follicles in ovaries of pregnant cows* at various times after

artificial insemination

Davs after A[** No. of pregnant*** No. of follicles aspirated
y cows examined (no./ donor)
40 6 49 (8.2)%
50 5 44 (8.8)™
60 5 46 (9.2°
70 5 34 (6.8)
80 5 40 (8.0
90 5 27 (54)

* The pregnancy diagnosis was confirmed by rectal palpation and ultrasonography at 35 days
artificial insemination
** Artificial Insemination



*** One donor cow aborted between day 40 and 50 of gestation
Model effect = P<0.04, a-d; P<0.05

Table 15. Development of oocytes retrieved from pregnant cows at various times after

artificial insemination following in vitromaturation and in vitro fertilization

No. of collected Transferable

No(%). of oocytes developed to

Day/ilffter oocytes (no. of embryos
donor cow) 2-cell 8cell  Mo/BI* (embryos/ donor)
40 26 (6) 8 (31) 6 (23) 5 (19) 5 (08)
50 24 (5) 6 (25) 6 (25) 3 (13) 3 (06)
60 24 (5) 9 (38) 7 (29) 5 (21) 5 (10)
70 15 (5) 4 @) 2 (13) 2 (13) 2 (04)
80 21 (5) 6 (29) 5(24) 4 (19) 3 (06)
90 14 (5) 4 (29) 2 (14) 2 (14) 2 (04)

*  Artificial Insemination

**  Mo: morulae; Bl: blastocyst

90%

83%

OPU

OPU

40

, OPU

40 90

90

10

OPU

10

10

OPU

OPU

5
Table 16



Table 16. Effect of OPU treatment in pregnant cows on the maintenance of pregnancy

No. of pregnhant cows Rate of
Treatment _
day 35 day 95 maintenance
Control 10 9 90.0
OPU 6 5 83.3

— Pregnancy diagnosis was performed in the recipient cows by rectal palpation and
ultrasonography every 10 days

6. OPU system
: OPU
, OPU system
OPU ( 13 )
OPU
(Table 17,18). , OPU
1 ( 48 ) 2 ( 139 ) (Table
17). OPU 3 4 , 2
1

, 2 OPU system

.(26) 2
2 OPU 1 (722 vs. 66.8%)
(26.6 vs. 205%) . Bungartz (13)
: 6 10

2 OPU 1 2



Table 17. Total number and mean (x SD) characteristics of COC recovery and quality

from follicular aspirations performed once or twice a week

Frequency of aspiration

Characteristic

Once-weekly(n 6) Twice weekly(n 3)

No. of aspiration sessions 54 54
No. of aspirated follicles 524 744
Total number of COC recovered 231 336
Recovery rate(%) 441 452
Mean number of COC recovered/

) ) 48+ 3.7 69+ 45
heifer/ session
Mean number of COC recovered/

) 48+ 3.7 13.9+ 69
heifer/ week
Viable COCs(%) 151 (654)" 269 (80.0)°

**Values with different superscripts differ between columns(P 0.05)

Table 18. Effect of treatment on in vitro production by day 7 after insemination

Aspiration Transferable embryo
Oocytes used Oocytes cleaved _
frequence/ week embryos production rate
Once 190 127 39 205
Twice 285 206 76 26.6°

**Different superscripts were significantly different (p<0.05).

2 OPU ,



43.0%

Cysteamine

Cysteamine

(Table 20).

Cystine

Cystine  Cystein

Table 19

879 67.1% 60.3
Glutathione(GSH)
100p M
(26.8 vs 16.8)
thiol GSH
GSH
thiol Cysteamine
GSH
GSH

Table 19. Effects of EGF and hormone on in vitro maturation of bovine recovered oocyte

cultured in TCM199 supplemented with 10% FBS*

No. of oocyte

Supplement**

No.(%) of oocytes No0.(%) of embryos

examined matured cleaved
Control 151 91 (60.3)° 65 (43.0)°
EGF 154 111 s(72.2)° 81 (52.6)°
FSH LH estradiol-17p 149 131 (87.9)° 100 (67.1)°

*  TCM199: Tissue cultrue medium 199; FBS:

*%

fetal bovine sersum

EGF: epidermal growth factor; FSH: follicular stimulating hormone; LH: luteinizing hormone

®<! Different superscripts were significantly different (p<0.05)



Table 20. Effect of Cysteamine added to the IVM medium on the developmental capacity

of fertilized oocytes

Cysteamine(u M) Oocyte no. cleavage Morula Blastocy st
0 244 195 (79.9) 57 (234) 41 (16.8)°
25 249 206 (82.7) 68 (27.3) 54 (21.6)"
50 262 217 (82.8) 66 (25.2) 53 (20.2)*
100 291 247 (84.9) 89 (30.5) 78 (26.8)°
**Different superscripts were significantly different (p<0.05).
2.
Table 21
TALP BO
GSH Table 22 GSH
0 20 mM ,
05 10 mM 0 20mM
(296 319% vs 192 21.6%).
Glutathione

GSH



Table 21. In vitro fertilization rates and cleavage of bovine oocytes derived from OPU

_ No.(%) of embryos No.(%) of embryos
Type of media* No. of oocytes

fertilized cleaved
m-TALP 191 137(71.7) 126(66.0)
BO 173 120(69.4) 108(62.4)

Table 22. Effect of GSH during IVF on the development of bovine oocytes

GSH (mM) Oocytes cleaved (%) Blastocyst (%)
0 120 95 (79.1) 23 (19.2)°
05 118 96 (81.4) 35 (29.6)°
1.0 122 102 (83.6) 39 (31.9)
2.0 125 99 (79.2) 27 (21.6)°

**Different superscripts were significantly different (p<0.05).

3.
Table 23
mSOF(0.8% BSA)
Two-step culture system
: BSA , FBS
(Table 24). Two-step
FBS (39.5%) (25.7 294%)

BSA



Kaye).
pH
).
Bavister),

Dobrinsky

(Pemble

(Dobrinsky

(Pinyopummintr

Table 23. In vitro development of bovine recovered oocytes in relation to in vitro culture

system
No. of No. of  No.(%) of embryos developed to
Culture system® oocytes embryos
recovered cleaved < 16-cell M o-BI°
GTH ( ) 87 47 37 10(21.3)
M 199+BOEC
(10%FBS)
GTH ( ) 43 25 21 4(16.0)
GTH () 74 38 30 8(21.1)
SOF
(0.3%BSA)
GTH ( ) 40 19 16 3(15.8)

*BOEC: bovine oviduct epithelial cell monolayer
®M0-Bl: morulae-blastocysts

Table 24. Effects of macromolecule and culture system on the in vitro development of

2-cell bovine embryos.

Culture No. of embryos No0.(%) of embryos
Macromolecule*
system** cultured*** (blastocy st)
BSA One-step 34 10 (294)*
FBS One-step 35 9 (25.7)°
BSA-BSA Two-step 39 11 (28.2)°
BSA-FBS Two-step 38 15 (395)°

*

BSA : bovine serum albumine; FBS: fetal bovine

serum



**  Embryos were replaced with the same medium or 10% FBS containing medium after day 5
post IVF.

*** At 30-32 hrs later the onset of IVF, only the 2-cell embryos were cultured in m-SOFM
supplemented with 05 / PVA at the atmosphere of 5% 02, 5% CO2, 90% N2.

® Different superscrips were significantly different (p<0.05)

4. ITS

BSAB@ 8 / ) PVA@O5 / ) 1% ITS
(Table 25), BSA PVA
(26.7 34.7% vs 108 15.1%).
ITS

Table 25. Effects of Macromolecule & ITS on in vitro development of 2-cell bovine

embryos derived from OPU

No. of embryos No.(%) of embryos developed to
Macromolecules* I TS -
cultured morulae & blastocyst

BAG / ) 60 20 (33.3)°
60 16 (26.7)°
BAB | ) 75 26 (34.7)°
74 21 (284)°
PVA(O5 / ) 86 13 (5.0
74 8 (108)°

“* BSA(fatty acid free, fraction ), Polyvinyl alcohol

** nsulin(10 / ), transferrin(55 / ) and selenium(5 ng/ )

*** At 30-32 hrs later the onset of IVF, only the 2-cell embryos were cultured in m-SOFM at the
atmosphere of 5% 02, 5% CO2, 90% N2.
**Different superscripts were significantly different (p<0.05).

growth factor Table 26



BSA
FBS PVA , 154
21.3%)

Table 26. Effects of EGF & FGF on in vitro development of 2-cell bovine embryos
derived from OPU*

No. of embryos No(%). of embryos developed to***

Group
cultured™ M o-+eBL exBL
Control 52 8 (154) 3 (5.8)
EGF(10 ng/'ml) 54 10 (18.5) 4 (74)
FGF( 1 ng/ml) 49 8 (16.3) 3 (6.1)
EGF + FGF 47 10 (21.3) 5 (10.6)

* Epidermal Growth Factor; Fibroblast Growth Factor

** At 30-32 hrs later the onset of IVF, only the 2-cell embryos were cultured in m-SOFM
supplemented with 05 / PVA at the atmosphere of 5% 02, 5% CO2, 90% N2.

***  Mo(morulae), eBL (early blastocyst), exBL (expanding blastocy st)

Glucosd Phosphate

glucose phosphate
: (Table 27),
glucose 43.7%
, phosphate 378 389%
2 15 mM glucose 12 mM phosphate
glucose , phosphate
glucose  phosphate
phosphate hexokinase, phosphofructokinase

glyceraldehyde-3-phosphate dehydrogenase ,



mitochondria

Shshagiri  Bavister

, Kreb's cycle

Table 27. Effect of glucose and/or phosphate in mSOF medium on development of

2-cell bovine embryos

Treatment No. of Blastocyst development (%)

15 mM 12 mM embryos
glucose Phosphate cultured Totd Hatched
131 42(32.1)°* 22(16.7)
135 59(43.7)° 33(24.4)
135 51(37.8) 34(25.2)
131 51(38.9) 32(24.4)

Two-cell embryos were selected at 30 hours after IVF(7 replicates).
* Different superscripts in the same column differ significantly(p 0.05).

. Citrate glucosd phosphate
05 mM sodium citrate glucose phosphate
(Table 28), glucose
, phosphate 394, 408 41.9%
glucose , phosphate
279, 252 25.7% 144%
(P 0.05).

BSA citrate  acetyl-CoA carboxylase



citrate

citrate glucose phosphate

Liu Foote

citrate

Table 28. In vitro developmental rates of 2-cell embryos cultured in citrate containing

mSOF medium with or without glucose and/ or phosphate

Treatment No. of Blastocyst development(%)
embryos
15 mM 1.2 mM
cultured Total H atched
glucose phosphate
104 32(30.8) 15(14 4)*
104 41(39.4) 29(27.9)
103 42(40.8) 26(25.2)
105 44(41.9) 27(25.7)

Two-cell embryos were selected at 30 hours after IVF(7 replicates).
* Different superscripts in the same column differ significantly (p 0.05).

. Pantothenate
vitamins
(Table 29). Pantothenate pyruvate acetyl-CoA
Co-enzyme A
SOF pantothenate 3 p M , choline 5y M
pantothenate (36.4%) (26.9)

pantothenate



acetyl-CoA Kreb's cycle

Table 29. Effect of supplementing SOF with vitamins on bovine embryos develepment in

vitro
Treament n cleaved (%) Blastocyst (%)
control 67 51 (76.1) 18 (26.9)"
Pantothenate 66 54 (81.8) 24 (36.4)°
choline 67 53 (79.1) 20 (29.8)*

**Different superscripts were significantly different (p<0.05).

(EAA  NEAA)

citrate Table 30
citrate  non-essential amino acids(NEA) (84.6%)
(664 78.9%) , citrate
citrate (19.0%)
(319 41.9%) ,
NEA (41.9%) minimum essential medium amino
acids(MEM) (31.9%) M+N  (35.0%)
citrate
. Glutathione
GSH (Table 31), 6 10
(773 355%) (654 69.9%
13.1 19.2%)
GSH H:0:
6
GSH



GSH
GSH

Table 30. Results of bovine IVMFC with culture in BSA free SOF with and without

citrate and amino-acids

Additions to SOF Fertilized cleaved Blastocysts hatched BL.
with citrate 121 83(68.6)" 23(19.0)° 8(6.6)’
+ MEM 119 87(73.1)° 38(31.9)° 17(14 3)°
+ NEA 124 105(84.6)" 52(41.9)° 20(16.1)°
+  M+N 120 86(71.7)" 42(35.0)° 14(11.7)'
without citrate 116 77(66.4)° 13(11.2)*° 4(35)"
+ MEM 118 87(73.7)° 33(27.9)° 11(9.3)'
+ NEA 118 89(75 4)* 33(27.9)° 14(11.8)'
+  M+N 119 94(78.9)* 34(28.6)° 10(84)'

* "Different superscripts were significantly different (p<0.05).

Table 31. Effect of adding GSH(1 mM) during culture on the development of in vitro

fertilized bovine oocyte

No. of oocytes / embryo

Treatment
G (1 mM) fertilized cleaved (%) blastocysts
control 125 87 (69.6)° 24 (19.2)°
IVC (d2 10) 130 85 (654)° 17 (13.1)°
IVC (d2 5) 124 84 (67.7)° 21 (16.9)°
IVC (d6 10) 110 85 (773)° 39 (355)°

abcd

. PVA myo-inositol

Different superscripts were significantly different (p<0.05).



myo-inositol Table 32

PVA myo-inositol (38.6%) (19.4%)
, BSA myo-inositol
PVA myo- inositol ,
PVA my o-inositol
2 , BSA
Myo-inositol vitamins BSA
BSA
myo-inositol
Myo-inositol ,

inositol-1,4,5 triphosphate
.(10) (31 glycine
(33)

Table 32. Effect of BSA, PVA and myo-inositol on bovine embryo development in SOFaa

Medium m'\(/)llziruole Myo-inositol Oocytes  cleaved  blastocysts hatched
SOFaa BSA - 135 105(77.7)  52(385)*  29(215)°
SOFaa BSA + 135 104(77.0)  50(37.0°  25(185)°
SOFaa PVA - 134 106(79.1)  26(19.4)° 7(5.2)°
SOFaa PVA + 132 103(78.0)  51(38.6)°  19(14.4)'*

M 199co-culture CS - 130 105(80.7)  37(284)°  19(14.6)°*

abed

Dissimilar superscripts with in columns denote statistical differences
(*p<0.001, *°p<0.01, “*p<0.05)

3 OPU



EFS PG Gly (56.5 vs. 331.%) 494
13.2%) (Table 33). Ethylene glycol PG glycerol
,(34) Ficoll
,(14)
sucrose
.(36)
EFSm Eg Gly 2 3

Table 33. In vitro development and hatching rates of in vitro produced bovine embryos

vitrified with EFS, EFSm, or EG Gly

Treatments Embryos development (%) hatching (%)
Pg+Gly 151 50 (33.1)° 20 (13.2)°
EFS 154 87 (565)° 76 (49.4)°
EFSM 147 91 (61.9)° 79 (53.7)°
Eg+Ely 160 93 (58.1)° 82 (51.2)°

abed

Values with different superscripts with colvimns differ significantly (**p<0.05,
° p<0.01)

Table 34

slow-freezing  vitrification . slow-freezing

vitrification slow-freezing



Table 34. Re-expanded blastocysts during IVC following cryopreservation and thawing

cryopreservation No. of cryopreserved Re-exB 24hrs. Re-exB 48hrs.
slow-freezing 67 51 (76.2) 47 (70.1)
vitrification 69 49 (71.0) 43 (62.3)
3. LAA
LAA (19.1%)
(372 58.8%) (Table 35).
LAA
linoleic acid

Table 35. Effect of different timing of LAA exposure on the post-thaw suvival of in vitro

produced bovine embryos

Exposure to LAA

embryos survived
20 90hpi 90 138hpi
- - 141 27 (19.1)°
) + 145 61 (42.1)°
+ - 140 54 (37.2
+ + 141 83 (58.8)°

significantly different between * and ° (p<0.02), ® and ° (p<0.001)



(Table 36),
1 2 , 90
1 (281 32.6%) 2 good
15

Table 36. Effects of corpus luteum(CL) & blastocyst quality on pregnancy rates after

transfer of bovine embryos derived from OPU

No. of embryos No(%). of pregnant at***

CL grade* BL quality**

transferred Day 45 Day 90

Excellent 32 12 (375) 9 (28.1)

Good 43 16 (37.2) 14 (32.6)

Excellent 36 11 (30.6) 8 (22.2)

Good 34 7 (20.6) 5 (14.7)
* s normal size(15-25 mm) with good crown, : small size(<15 mm) with papable crown.

**  Grading bovine embryos by morphological features was followed by Kennedy et al.(1983)
***  The pregnancy diagnosis was confirmed by ultrasonography and rectal palpation

. hCG
OPU hCG

1,500 1U (Table 37), small size( 15 )

(41.2%) (28.6%)

hCG Table 38 , 6 hCG 1500 IU
3B5% 0, 10 (26.1  22.2%)
progesteron
estrogen : estrogen
progesteron . 6 (

1 ) hCG estrogen

progesteron



(E/ P)
hCG 6
0 10 estrogen

Table 37. Effects of human chorionic gonadotrophin(hCG) on pregnancy rates after
transfer of bovine embryos derived from OPU
No. of embryos No(%). of pregnant
CL grade* hCG treatment**
transferred at day 45**
20 7 (35.0)"
17 6 (35.3)"
17 7 (41.2)°
14 4 (28.6)°

* s normal size(15-25 mm) with good crown, : small size(<15 mm) with papable crown.

**  hCG (1500 IU) was injected at day6
***  The pregnancy diagnosis was confirmed by ultrasonography and rectal palpation

**Different superscripts were significantly different (p<0.05).

Table 38. Effect of hCG injection time on pregnancy rates after transfer of bovine

embryos derived from OPU

No(%). of pregnamt at

day of injection No. of embryos transfered
day 45 Day 90
0 23 7(304) 6(26.1)"
6 31 13(41.9) 11(35.5)°
10 27 8(29.6) 6(22.2)"

**Different superscripts were significantly different (p<0.05).

(Table 39)
(48.8%) (28.1%)



(13.9).

Table 39. Pregnancy rate following transfer of bovine embryos at two locations in the

uterus

Embryo quality

Embryo Placement

Grade 1 Grade 2 Total
Deep 58.3% (14/ 24) 36.8% (7/ 19) 48.8% (21/ 43)°
Shallow 294% (5/ 17) 26.7% (4/ 15) 28.1% (9/ 32)°

a.b

means in same column with different superscripts are different, p<0.01

Table 40
(39.1%) (28.9%)

Table 40. Comparison of Pregnancy rate between fresh and cryopreserved bovine

embryos derived from OPU-IVP

No. of embryos

0,
Treatment transferred No.(%) of pregnant
Fresh 64 25(39.1)°
Slow freezing 38 11(28.9)°

**Different superscripts were significantly different (p<0.05).

. OPU
OPU
(Table 41). 4 OPU
OPU system ;



OPU

table 11
data . OPU
674 45 . 151
; . 294
37.1% 109
42
OPU ;
Table 41. Pregnancies after OPU-IVP treatment
Name of No. of No. of No. of No. of No. of
donor cow embryos embryos embryos pregnancies calves born
produced frozen transferred

73 47 8 2 1 1

24 108 29 61 19 4

26 39 - 6 - -

195 41 11 7 2 1

41 47 17 12 4 1

152 29 - 5 3 2

118 132 33 86 39 17

10 23 - 3 . .

46 6 11 2 -

84 21 52 23 11

105 18 26 49 16 5

Totals 674 151 294 109 42




Table 41. Pregnancies after OPU-IVP treatment

No. of No. of No. of

Name of No. of No. of
donor cow embryos  embryos  embryos pregnancies calves born
produced  frozen transferred
293 73 47 8 2 1 1
2 oxjAo] 24 108 29 61 19 4
Qlagol 26 39 = 6 - -
7} oo]ZAEF 195 41 11 7 2 1
IT2AYE 41 47 17 12 4 1
Y3 AFAB 152 29 - 5 3 2
Aoz Wz} 118 132 33 86 39 17
&=t 10 23 - 5} - -
elrdloly] YE 46 6 11 2 -
XU EaR 84 21 52 23 11
Aol WA E 105 18 26 49 16 5
o __Totals 674 o 151 294__ o T09 o —45_

Figure 8. OPU #3d) 7152 4k« 47

_86_



=
o
o
H
=
H
A
lo
u
Hl
=
SB
P>
Lo
Jo
L
ofl
o
@
2

A
718l At eH o] Air)|Ee AR sy th(Table 42).
E

5 2 24 A RS SAFANT 2 A5 EFHL HaH 3
7 5Fe AAF £WeE Husiuz sdgon, o2 Fi uid FFFL g
om ANFT, W 2 KA Y FTLQ000d; oF 2005 FE) P 27D B
& %

M9o) EQFAL FUR LA(A1996975)S niRow 1 i

Ae #4s900, 15E99 472 US FAAA FRIEL o8 WU )
#994 NFS R4 $ANFS T F A5F oL APk

_87_



Table 42.

(PTAM) o
(PTAF) B °
2 30% 80%
(PTAP)
FTAT _ TPI 10%
(PTAM) o
(PTAF) B °
2 30% 45%
(PTAP)
FTAT _ CTPI 10%
(EBVM) o
(EBVF) B ’
2 20% 80%
(EBVP)
£O _ LPI 5%
(EBVM) o
(EBVF) B ’
2 20% 45%
(EBVP)
9 _ CLPI 5%

— Predicted Transmitting Ability(PTA) milk/ fat/ protein/ type; Estimated Breeding Value(EBV)

LPI(Lifetime Profit Index), TPI(Type Production Index)
- (UDC; udder composition, MS, mammary system)
- £ 90 () 85 ( )

15 Heifer
/ 100 )

heifer
2 3

heifer

30%

OPU (

, OPU

2



2000

(2000 ; 20 )

) 8



OPU

Becker  (1996)

, 15 1
cocC
(62% vs
66%).
IVF ’ lan Gordon
OPU long non-disposable 1
stainless steel connector silicone tube

stainless steel tube

needle giudance system

transducer

OPU

18-g
46 55 %



(50 70 mmHQg)

cocC

cocC

OPU
. de Roover  (1997)

(Cumulus Oocyte Complex)

OPU

. COC

Becker  (1996)

, COC

100
OPU
OPU

2mm

(19-0)

OPU



. 2mm

OPU
OPU
Pieterse  (1996)
al.(1996)
OPU
OPU
OPU
lidocain
cocC
1 2 OPU
OPU 4 7 OPU
OPU 3
1 2 OPU
OPU

OPU
3 10mm

OPU

OPU
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Brown et



OPU

FSH
2
1
somatotropin
somatotropin
IGF-1
y BST
FSH CocC
Blondin  (1995) FSH
OPU-IVP
y BST OPU
OPU-IVP
Rieger  (1991)
FSH BST
Gray  (1993)
Kuehner  (1993) FSH y BST
FSH PMSG
BST
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OPU-IVP

Looney  (1994) Hasler (1995) OPU-IVP
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