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Studies on Production and Efficient Utilization of Livestock Embryos
by In Viiro Fertilization and Micromanipulation
I . Transfer and Freezing of In Vitro Fertilized Rabbit and
Bovine Oocytes Matured In Vitro
Kim, CK., Y.C. Chung, K.S. Lee*, H.S. Kim*, J.T. Chung,
J.T. Yoon, S.H. Choi, J.H. Lee and K.S. Kim
College of Industrial Studies, Chung-Ang University

SUMMARY

This study was carried out to find a reliable method for the production of in vitro fertilized em-
bryos having more excellent development capacity and freezability in the rabbit and cattle. The
greatest number of rabbit oocytes was recovered 6hrs after HCG injection(P<0.05). The matu-
ration rate in witro was slightly higher in the oocytes(6-h-oocytes) from 6h than those
(8-h-oocytes)from 8 hrs after HCG injection and the beneficial effect of FSH during oocyte
maturation was significantly great in the oocytes from large follicles. The cleavage rate into 2-to
6-cell stage was not differ between the 6-h-oocytes and 8h-oocytes, but the cleavage of these
oocytes was greatly promoted by FSH addition to maturation medium and the cleavge of
8-h-oocytes matured without FSH was significantly low. The embryo development into 16-cell to
morula was not promoted by the co-culture with rabbit oviduct epithelial cells, The freezahility
by embryo stages was obviously high at 4-cell and morula stage in 6-h-oocytes and the viability
of 16-cell embryos from 8h-oocytes was similar to that of morula stage. The implantation sites
after surgical tranfer of fresh rabbit embryos derived from in vitro maturation and fertilization
were very few and the frozen-thawed embryos were not implanted. In bovine experiment, the in
vitro development into 16-cell and morula after i vitro maturation and fertilization in the follicular
oocytes was slightly improved by the co-culture with granulosa cells compared to that with ovi-
duct epithelial cells and the frozen-thawed viability rate of these embryos ranged from 14 to
40%. The excellent fresh embryos were transferred nonsurgically to 6 recipients, but were not

pregnant.

“o] B3 19904 %E WK SteATZ (KA Z)d sl drgge”
* BAHREE & AR B (Livestock Experiment Station, RDA)
N T R K8 (College of Agriculture, Che ju National University)

—57—



I &

& EREIPRERNT 29} VRE HOgu e
o) LS uot a8¥oln PAHoR £URE &

= delM g AFEl 28 RS st
IIFU RAEIE Rl e A 2B &
AR AL Sdoln), Hr kKMIERuIne] fast
AT AR 2 BT 5 e SAZIR e
#HE R AR 7Hesl A3 Yot ofE i
SRt R REORRRENS] Ao w4l o] whe Mt o}
Yzt o] X gfsgse] 23] 7] ool Bjagpel Ay
Aol A A7 SYEAG T & 5 glon] IR
&g v% FU A7) fsiME o1 ST iR
RS L Bl ojol & Ao},

E7o Mol ke Ko diRERRESS
DRRSRS] #aSbmEAso] ATE PRI =)
(Smith &, 1987)9l wla} xpo)7} glom LH surge
Zo] ATAZH(Yamazaki 5, 1990)% Ad<zu oftlof
IEER/ME (Y S, 1988)d ulel dEs Aels
A gkl VX = el dRERERRIt
29t Bz Aol e Aoz HuHe] ok
(Eyestone® First, 1989: Carney %, 1990). =3
BSOS A 2wl A Bkol XA T MeNEY:
T SHE Jefell mlAx) ®3la 9lo}(Carney 9
Foote, 1990).

E7] ZkEOpe] SEEE-S S GAC et 2o
7} 9129 (Tsunoda ¥, 1979; Smorag %, 1989: 7
T, 1990b ) o5 9o] Hetasa] sriasdl QoiME F
4, §3) 2 o)Az weal xpo}r} @k Tsunoda
%, 1979 Techakumphu %, 1987: Kobayashi %,
1990).

T M - o R R E ANE R B
Aol A3 AL Folxn . B3} vitrification
o o HMelyde] FA 7 (Kono %, 1990)
gl AAuiRE FAde] $H0] E7)(Kobayashi
5. 1990), A#(Rall 5, 1987) % =(Massip 5,
1987) )M RaE Ak

Aol A #8hh o AR SREERS) BEkRE S B A
Hjkelell WBEY HtoA Asew 5gge] &

=, geEcte] EEEN A RREske] s

[<ANe)

oli-
AL

w

=

=
()

2t
o 8

or 4

|

i

— 58—~

Aoz A JoHlu F, 1988; Fukui ¢} Ono,
1988: 7 &, 1990a), 34 Fukuda $(1990) & ©)&
AU FAZRE FolxE YA u} U}

A HEe E78 KBEEAZ 3o araitkags &
FitEol -8 RIS ANEY] $3te] kg smIniR
e A< A Jujokuly W vitrificationo) €}
T RAHIRS] WA SRS S Shed A3 BHo] Qe
o, A LR B ERENe] W ake) o)y g =AY
9] F@7IeEe] 7| 2AEE Qu A A=

7

I #4%t A Fixk

1. £77]58H2582] #estsm, Wik N BHRE

1) $tEEmp =) E1R

Ao FNE BEe AF 2.5~3.0kgd] Gt
FAME glolEF0|Qal 200~250g2) EIFAIHE |
d 232 ol Holstd o g& Ag-Fatn.
SHF 1423 2 Ekdon YiS wRE] 98k
NHAS3I o},

2) BRREEPS] $RON

NEsk71A 4, 6, 8A el bzt HCG 100 [UE o)
Aol FARS F absle] Wag 53 08 BOY
(Brackett®} Oliphant, 1975)ol A3l 2670]7]
FAROR JAIGE ) ArpEE SEAA el
=3

3) feA Tl e

(1) o=fged: BOAo BSA,
NaHCOs;, Na-pyruvate 2@ 10%E78 % (RS, rab-
bit serum)-& A 78kt

(2) sestamat 35 A Suidel S 4-well dishol
0.5ml¥ BFat1 7zt disholl 10~1570¢] IpjEspS 2
AT 2 W R 953 0 5% COy, 100% &
&, 95% &71, 3TCFL71004 12~184]3F uf kst

D-glucose,

ok dxge] AL4wHe  Hensleigh®t Hunter
(1985) <] wiwlel ule} BHEARRR S Bl B5s 9433}

ool Al dFdsted o, +, ++H)2 FREHoH
++E Y (gs) & gt
(3) M7 SHHBAELES: AT 4kg AX9

solEF FE/ISNE AFARE ol gaial

A=
[e]
= AL



A # e -5 Brackett 5(1982) 2] Wil wla} A
& DM(-BSA) 4mlZ 3]4s}1, 2,500 rpmellA] 55
T LAE R 23] ke A F T DM(4BSA)oE
AAEEE 2.0x10° /mliE ZA3 o 10412 Al
Ril=

(4) gastim: Auigs Y22 swim-upg 02 D
M 0.2mlol] A&7 1.0X10°/ml= A 238 3
petri dishell /& T8 U3 davteld 092 5
Bapar 1 el WpAlEs) Bsle Wl 10~1570%

2 2 919 incubatorz7o A 24A17F A Al A

£

1) 5 2 mIRS| M5) 100

TAT 2000 ESEE ALY EE B4}
CH Ham's FIosglol §7 72413 wirelsd
o) 48X)2kvket A Mgl o e dlelsic). Bl
gistel  gEuGe A% goldzel  F
Gandolfi®} Moor(1987) 9] wlo) &t}

v

&,

o
=
Q

Kl

»

&

rr

5) MBS MisT Mf%

(1) ##% (vitrification) : W aAEZ 4, 8, 164
27 2 w719 £33 Kobayashi 5(1990) &
Wil wet $AsAd e 20Tl 3ml
VS-194(20% 1, 2-propanediol, 10% glycerol, 16%
FCS /ml PBS) el 1021 AAAA 13 g:A171 o}
+ vlg] Azdte] 4¢ol R FAH strawd] VS-2
A (25% 1,2-propanediol, 25% glycerol, 16%
FCS / ml PBS9] double bubble %)l Z¢]5}7 &
A & AgALUNE I F st FAsHT)

(2) mtr%: 529 straws 20C 220N A °F 102
b gl F 2-stepo SMEYTE AA strawth
TATE VS-2 23 1M sucrose 22 3 petri
dishifi o} 1083 AA)ste] 1944 4% 0.25M
sucrose 223 0.2 §7 58I AX % vhg g whl 9l

el RS A AshE A 38]01 4 A A sl

6) SRl £FHE

WARES FDA 24 59t FDA Qaoe
actone 1mile FDA 5mg& %o stock solutiong
YE & daA] vl mPBSY 10mle]l FDA stock
E 58t HEEE7F 2.5 pg / miE

solution 548 ¥
2% & 2188 G4 37CcE 71" FDAY

—59—

Aol 100~200 [dE silicono.2 B slideglol] =
oledl F Aol £ B 1~1.587F vj}
SH T, Mg NS S A Ak S o
H oz 335 M3 Schilling 5(1982) o] we] ule}
AAAEE 192 TRATH

7) 2m5R2] BH

ZRE HCGFAS Fa54 E7|oh mujaA
&S F71412] v 9104 2~ 4 Aol RHEoEe 2
YA e st 4% G2~ 164 27]) EE 2}
(&)l 5~674% Mo R o)X aEldm of4
T 12~2090) =4 g &
sk

1L
T 2vagos guen

2. 2~ SRRBSAS| M52, Wi W BN

1) $EBL98-F-2} 1158
=4 AT mERE Belste] 24170 oo A

Az $70 o 47 2~6mme] FAIEAA 207
oA FAHoE VENS FY Aeion Axd
o] el 3L PREARINZL 3 Ahere BAISHAL,

2) AT WAL

L) P &2 7]Eujord TCM 1999 10% FCS =
10% 22AY3S Hrlelgon gz

(granulosa cells) 9} FEuidsignt. Byg2Axe)

Y9} vloke- Racowsky$t McGaughey(1982) @]

ol Fatsic),

p-

3) s m

Azkel Ael4H ey 2Aagge] &4 straw
8 &53 % Niwas} Ohgoda(1988) ] Hh# o)
el GAE 2alseh, ARGl caffeined
heparin®] HFEx7F 24z} SmMSF 10 4g /milE 7)
shd L, A&z 1.0x10° /mle) A B g
dish@d 10o4702] AL =mppae 9 5% CO,
9% ¥71, 100% +%=, 39°C incubatorell 4] 184]17¢
A A Zh,

=0
=T

=

=

4) WA R MIR| MRS

A2lFPAIZ O TCM 19928 R0 4 2)u)

F 212 HRAFANE(GO) = AL Yt |
oF 2y A E(BOEC) 9 g5l 2 7



gsgon BYSALY Tl olvl AT wst
ov AdgudEe] Fue} Wi Gandolfis}

[=]
Moor(1987) &) ¥holl £33

5) MAERIRC] M £FEHE

Alelufedd 164279t REIEE Lehn-Jensen
(1984) 2] HA7] o]-8H 3 Massip 5(1987) 9] vitri-
fication #goll wie} 2bzt A% AEHS vlshA
o FAFHAAY] AAEAEL ¢kl FDA W 2
siet,

6) ML IEMRERMIR2] BH

1~-33¢] e F71E B9 v He 65 (3%
37, FLERI 3F)E AT F A EAFT7) 56
ol st w7 16ME7] e G FEES
FHlatvtrl vel A wye s dgel 1~2749)
FHLE o]Haiairt.

. e o B

1. £77| 5pRagR2| dest s, WE X B

1) 985R9R2] HEAL AN

ROpAE T o] & PRlEIRS A7) $1ste Al
¥ AP A= Table 151 2014 B ubel 204, {101
e MAR B 3479 HCGFARE 6417l A
AT57E Bk (P<0.05) 9iF] 76%7t Agpiael
A AR AT G 49} AT = kgRRel A
o] A@ngo] Frhstdt. HCGFARE oAt A&k
B SERSRol A Al RSl TR (Aol

FSHel 7ol iz B3R edgot & v g
Foll FSHA 7oA mitzee] €3] wAcHP<O.
05).

8 HCGRARE 8170l Ald spinsRol e =
Aokl A w5 Z G Ee] Grlr} kel |
A8 wkom (P<0.05) HA] FSHe| Hrtashs v
ehAl oottt 1el it HCGFARE 8417te] PT-oll A
i fraso] 6A17ER.T) iAok},

£ Tl HCGHRARE 6417l A7t 53702
743 Eohd Al 885 (1988) o] iAo Fof)
kst o} poto ATFFE B FEAT| ] e
Osteens} Mills(1980) 7} Adwv] E7|eA & X
Hl-go] <of 60%etaL & Iz 2pelvt AT whepa
B} B giieg A7l feiAe Advee sl
dash HCGFAM 77 Fa8s ¢ + Ao 1
mmo/gel PRfEsRol A A&l e Mirdso] A2
=% A& Smith E(1978) 0] & GETY 5 K
o] HohrheE W et AR Akt
¥ FSHA7IOA Aad kgl 7171 3l A
#(Hensleigh®} Hunter,1985) ¢] ZAel= &

A5 (1988) oA 25|13 &gl Fiud A=
zlo] 7}k det, T3 HCGFARE A1l A3kl op
fgpel M () &S Yoshida%s(1986) 3 29ke
o HCGFAME & dx o] sirdA A&go] 53t
d A3E Wiesak$(1990) 2 #Z3tct. 18yt HCG
FALE 6A1ZFe] BRFHE AdSgo] vhh B A
¥ Zhang#} Armstrong(1989) ] A A=Z 2# 5

o
g
al

At Ao o] ginkar @ Asks tha Aol
7h Qgiek, webA ek B gel F& SIS

Table 1. Number of rabbit oocytes collected at various times after HCG from visible follicles of

diffrent sizes

Time No.of oocytes % of oocytes collected
No.of
after collected
rabbits :
HCG(h) Total Per head Small* Medium Large
4 5 118 24° 57.6% 28.8° 13.62
6 5 264 53° 76.1° 14.1° 9.8
8 5 121 24° 56.12 24.4° 17.52
Total, mean 15 503 34 67.0 20.5 12.5

*Small follicle : <1.0mm in diameter ; medium foll.:

1.0~1.4mm; large foll. :>1.5mm

2b Means and percentages with different superscripts in each column differ (P <0.05).
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Table 2. Degree of cumulus cell expansion after 12-h culture of follicular oocytes collected at 6 h

and 8 h after HCG
Collection Follicle No. of % of oocytes showed
after  Maturation size oocytes cumulus expansion*
HCG  medium (mm) cultured 0 + +-+
6hr DM+10%RS <1.0 310 9.9 7.9 82.2
>1.0 41 4.6 6.7 88.5
Total 351 7.3 7.4 85.3
DM+10%RS <1.0 364 10.8 8.0 81.1°
+FSH (1xg /ml) =1.0 47 1.9 6.7 91.4°
Total 411 6.4 7.4 86.3
8hr DM~+10%RS <1.0 226 11.1 12.4 76.5*
>1.0 77 2.6 7.8 89.6°
Total 303 8.9 10.2 79.9
DM-+10%RS <1.0 187 15.5 11.8 72.74
+FSH (14g /ml) =1.0 71 7.0 8.5 84.58
Total 258 13.2 10.9 76.0

*O: oocytes with<20% of cells expanded.
+: with 21 to 60% of cells expanded.

++: with 61 to 100% of cells expanded(corresponds to normal expansion at time of ovulation).
abiAB Percentage with different superscripts differs (P<0.05).
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Table 3. Effect of maturation medium and collection time on cleavage(24-h postinsemination)of rab-

bit oocytes fertilized in vitro

) ] No. of No. (%5)of ococytes cleaved to
Collection Maturation
) oocytes Total
after HCG  medium inseminated Uncleaved  2cell  dcell  26cell oo
6hr DM-+10%RS 465 247 137 73 8 218(46.9)
DM-+10%RS 635 315 146 139 35 320(50.4)
+FSH (1 /ml)
Total 1,100 562 283 212 43 538
(51.1) (25.7) (19.3) (3.9) (48.9)
8hr DM-+10%RS 259 172 64 21 2 87(33.6)4
DM+10%RS 230 115 66 46 115(50.0)®8
+FSH (1 /ml)
Total 489 287 130 67 5 202
(58.7) (26.6) (13.7) (1.0) (41.3)

AB Gignificant differencé betv;/een two media(P<0.05).

Table 4. Effect of maturation medium and in vitre culture system on in vitro development(16-cell to
morula)of embryos after in vitro fertilization

Maturation Culture No. of Time after [VF
medium system* oocytes 24 hr 72hr
inseminated (2-to 6-cell) (16-cell to morula)

DM+10% RS Ham’s Fy, 120 35 15
(29.2%) (12.5%)

Ham's Fy, 96 36 16
+ROEC (37.5%) (16.6%)

DM+10%RS Ham'’s F, 115 81 29
+FSH (g /ml) (70.4%) (25.2%)

*ROEC: rabbit oviduct epithelial cells.
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Table 5. Flurescent light intensity of vitrified-thawed rabbit embryos after exposure to FDA

A4 7 vws] EH Tsunodas (1979)2 8HIE7)
o Adufoll A AEAdo] =il sk 45 (1990b)
& 4~1643E7] 80%, “FHrl 90%9] WEYE Hi
sttt B @A 8~ 168E 7] 9] AEA o]

7} AL s gt BAE AAR N N3t oy
FAlE|oloyg) o},

28 SmoragE-(1989) = 8~16ME 72 24
EAo] FAW ol wel 23~93%E WHo|Eo] & A
o2 gk v oy, 3 4 E7NA YEA] =
A AL Wilson® Quinn(1989)©] 1~24X¥7]¢]
£ 70~80%% =4 2313 Az FAR Ao
Aok,
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Cell stage No. of No. (%;)of embryos*
at freezing eevr;llb: gt%il Positive Partial-1 Partial-2 Negative
{Oocytes collected 6 hr after HCG)

4 22 11 3 3 5
(50.0) (13.6) (13.6) (22.7)

8 15 1 3 5 6
(6.7) (20.0) (33.3) (40.0)

16 10 1 4 2 3
(10.0) (40.0) (20.0) (30.0)

Morula 20 10 4 3 3
(47.6) (19.0) (15.0) (14.3)

Total 67 23 14 13 17
(34.3) (20.9) (19.4) (25.4)

{Oocytes collected 8 hr after HCG)

8 9 0 4 5 0

(0) (44.4) (55.6) (0)

16 17 4 8 4 1
(23.5) (47.0) (23.5) (5.9)

Morula 16 7 3 5 1
(43.8) (18.8) (31.3) (6.3)

Total 42 11 15 14 2
(26.2) (35.7) (33.3) (4.2)

*FDA-Positive: very bright and uniform fluorescence within cells,

Negative: no fluorcence visible,

Partial-1: brigjt and uniform fluorescence.

Partial-2: pale and uniform or patchy tluorescence.



Table 6. Result in transfer of rabbit embryos derived from oocytes matured in vitro and fertilized

in vitro
Condition No. of No. of
of embryos N?'_ of embryos implantation
- recipients .
Freezing Cell stage transferred sites*
Fresh 26 3 25 -
8-16 4 28 2(1 recipents)
Morula 2 9 1
Frozen 816 2 1 - B
Morula 2 3 -
* Autopsy at 12-d afte;;;r:m_;;er. - )
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Table 7. Effect of co-culture system during maturation of bovine oocytes and development of em-
bryos on in vitro development to 16-cell stage and morula

Co-culture system* No. of No. (%)of oocytes develop to
Maturation Development :Sﬁﬁzz 16-cell Morula Total(%)
TCM 199+ TCM 199+BOEC 163 6 13 19(12)
10%ECS+GC TCM 199+GC 162 19 14 33(20)
TCM 199+ TCM 199+BOEC 216 7 15 22(19)
10%FCS+GC TCM 199+GC 130 17 8 25(15)

* GC: granulosa cells, BOEC: bovine oviduct epithelial cells.

Table 8. Fluorescent light intensity of frozen-thawed bovine 16-cell and morula co-cultured ir vitro

with BOEC or GC
Method No. of No.(% )of embryos*
Freezing Co-culture e?gfg;fg q Positive Partial-1 Partial-2 Nagative
Lehn-Jensen BOEC 5 2(40.0) 1 1 1
(1984) GC 7 1(14.3) 3 1 2
Masssip et al. BOEC 6 2(33.3) 0 2 2
(1987) GC 7 1(28.6) 2 1 2

* See footnotes to Table 5 and 7.

Table 9. Result in non-surgical transfer of unfrozen bovine embryos in vitro fertilized and cultured
after maturation in vitro

Recipients Natural embryos
Estrus cycles Pregnancy Extended estrus

No. investigated Culture Cell stage

K1 2X A 16, M - 38 days

K2 2X B 16, M - -

K3 3X A 16 - -

Hi1 2% B 16, M - 29 days

H2 2X B 16 - -

H3 2% B M - -

* See to Table 7.
A: matured in TCM 199+10%ECS+GC and cultured in TCM 199-+BOEC.
B: matured in TCM 199+10%ECS—+GC and cultured in TCM 199+GC.
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