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Summary

Remarkable progress has recently been made in embryo transfer technology, resulting in the birth of IVF
and nuclear transfer offsprings in swine.

However, further progress of the technology to (1) make a safe, effective and economic estrual-cycle
synchronization compound, (2) regulate each step of sperm capacitation (3) induce monospermic fertilization.
(4) in vitro grow and mature oocytes, (5) fertilize the oocytes efficently, (6) culture the oocytes to the bla-
stocyst stage in defined media, (7) produce multiply copies of embryos with superior genetic merit, (8) pre-
select the sex of these superior offsprings, and (9) preserve embryos by freezing and storage in liquid nitrogen

is required before this promising technology is applied routinely to swine for practical use.
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Table 1. Oestrus synchronization in gilts

Altrenogest treatment for 18 days

15 20
(mg / day) (mg / day)
Number treated 144 84
Number showing oestrus after treatment 141 83
4 8.5 -
Day of onset of cestrus after treatment 5 58.9 25.3
(% of animals) 6 27.0 53.0
7 5.7 169
8 - 4.8
Average number of corpora lutea / animal 155 15.6
% eggs fertilized 89.8 92.3
(Webel, 1978)
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Fig. 1. Embryo transplantation in gilts: differences in synchrony between recipients and donors. (a)
Pregnancy rate following transfer of embryos collected from donors 3~9 days after the onset
of oestrus. (b) Embryonic survival rate in pregnant gilts on the 30th day of pregnancy. Numbers
above columns refer to the numbers of recipients in (a) and the numbers of pregnant animals

in (b). (Polge, 1982)
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Fig. 2. Embryo transplantation in gilts: transfer of embryos collected trom donors 3~9 days after the
onset of oestrus. (a) Pregnancy rate in recipients in which onset of oestrus varied from one

day before to two days after that of donors.

(b) Embryonic survival in pregnant gilts on the

30th day of pregnancy. Numbers above columns refer to the numbers of recipients in (a) and
the numbers of pregnant animals in (b). (Polge, 1982)
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Table 2. Embryonic survival in recipient gilts to which 12 or 24 embryos were transplanted (symchronous

transfer on day 5)

Number of Number of Number % Embryo survival
embryos / recipients pregnant pregnant Total Total live % % survived
recipient on day 30 transferred embryos survived In pregnant
on day 30 gilts
12 21 15 714 244 102 41.8 58.6
24 20 18 90.0 408 247 60.5 61.9
Total 41 33 80.5 652 349 53.5 60.9
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Table 3. Capacitation of ejaculated spermatozoa for {VF in swine

Sperm concentration at

Time of sperm

Medium ) ) ] ] References
preincubation per mi preincubation hour
Modified Pavlok (1981),
2% 10° 4-5
M199 Cheng (1985)
Modified 2.5%10° ] Hamano & Toyoda (1986),
KRB (TYH) or 40x10° Hamano et al. (1989)

— 14—



(112/128)
b
S 80p (79/106) (72/96)
) d (70/98) g=mq d
E d
<t
& 60 b
Z
o
=
<G
N
o 4ot
o
é 24/90)
JcC
L (18 /100) : (16 /94)
2 (19/135) e (12/97)
] a
0

TYH

PREINCUBATION MEDIA

Fig. 3. Fertilizing ability of boar ejaculated spermatozoa preincubated with several conditioned media
(CM: for details, see text) or modified Krebs-Ringer bicarbonate solution (TYH) at a concentr-
ation of 2.5x10°/ mI(E3) or 40x10°/ mi(M). Nos. in parentheses represent the no. fertilized
ova per the no. matured ova. Values with different subscripts differ significantly.(Hamano et al,

1989)
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Table 4. Results of IVF at 6 to 7 hr after insemination

Source No. of No. of cocytes
Boar of oocytes fertilized polyspermic with both
oocytes examined (%) (%) pronuclei (%)
A Fe 5 4 ( 80.0) 1 (250)° 3 ( 75.0)°
™ 3 3 (100 ) 1(333) 1(333)
B Fc 9 9 (100 ) 9 (100 ) 9 (100 )
T 9 9 (100 ) 6 ( 66.7) 6 ( 66.7)
2 Follicular, (Yoshida, 1987)
» Tubal,

© Represented from fertilized oocytes.



Table 5. Results of in vitro development of IVF pig embryos in experiments using boar A

Source No, of Total No. Developmental stage of embryos cultured for
of embryos of embryos 27~928 hr 48~72 hr
oocytes cultured cleaved (% 2 celld 2~8 cell
Fe® 52 43 24 19
T 27 18 (66.7) 13 5

b See the foot-notes on Table 1.
¢ Used for ET.

(Yoshida, 1987)

Table 6. Results of in vitro development of IVF pig embryos cultured for 28 to 30 hr after insemation

Exp. No. of embryos No. of embryos cleaved (%)
No. cultured Total Two-cell stage
1 50 23 (46.0) 17 (73.9)
2 31 20 (64.5) 16 (80.0)
3 24 15 (62.5) 13 (86.7)
@ Represented from cleaved embryos. (Yoshida, 1989)

RO BLEE &RV Jehdsich ZHEre
A R FiRIE 27~ 28R o 2481 Wiell F:E v
a1, o] SEREERIE S ZHRIIN FEAilol B AT EHG
BRe] s EAR S FTURIE 27 el X 72mEH 7}

A 2B E SMAEN7E A e R $r
e st ub, HCERORBUER-F7T HESEE ORESR-F R}
o g} gEE RIS 68% (13 /19: RIS
UE) 9 20%(1 /5 BREBR F) = IERZES ey
31, 2MES}  EREIRORBIFILINT)S KT
72m5ROl stfael FhEE Ach oAv]elA {FH¥
ZREIREEEEIE Y= 10% FCS3} 100mg /1 dibekacin
sulphateZ #Mmdt modified whitten’s medium(
Trounson, 1984) ©] ¥t}

Table 65 AW N ¥rilgE 28~ 3083H &9t
#asksiEEd 1050 FH0Ne) SEREE7E e Qo
(Yoshida, 1989). 105ff =59t 5818 (55% ) 71 741
Aok Ssf 46M6(79%)7F 2dmNaM S HyE St
SEE AT AA7lAA Y ERIREREH
40mg /1 Na-pyruvate, 3.7ml/1 Na=lactate(60%
syrup), 100mg /1 dibekacin sulphate 12}l 10%
FCS& i3 M199(Ealrle’s salts) o] gich.

Libe #RES H03 & o #WRARANT
L e s 57%%% ZH5o) MEES O R Elgten,
st eRsERe AFEol = M SR (James %,

1983: Polge, 1982: James %, 1980: Pope} Day,
1977) ¥} siFENsHhe]l KER R (Davis, 1985: Davis
o} Day, 1978)0] Mggalv}il ish uh, ro g A%
mrgestetop s #Eolt

5 BRSLACRASIRRIRC| BSLEKE)

FEALIR o] BRELONA] SRELSH ABUAIRTIR-S tastfof
AR ALA B Y Y B4 Itan F
(1978), Nagai #(1984, 1990), 12l Naito %
(1988) 0l olsh A @irw oL} of2 . seHis)of st
W MmEEE S o] Atk

ol 7ol A+= Yoshida %(1990) % Mattioli 5(198
9lell lehM WiGE RS hLOR bt
sk}

BESGAA MR e 2 PE RIS JIRES
100 mg /1 Kanamycin sulphate &3k NaCl(
Yoshida, 1990)c]v 0.4% BSA(w/v), 0.36 mM
Pyruvate, 5.5 mM glucose, “1¥] 21 70xg / ml Kan-
amycin sulphate® #4138t Dulbecoo’s PBS(Mattioli
T, 1989) o £t (35~37C) ol BEBRENT Eis
o} H 21, BRRHNL Y= WM 2~6 mm BIf R KE] BE
Dulbecoo’s PBSE FIH s} A $REPH 2},

R HIITIR] #S A LI = 100 mg /] Na-
pyruvate, 550 mg /1 glucose, 900 mg /1 Ca-lactate,



100 mg /1 dibekacin sulphate, 10% FCS, 10 IU
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Table 7. Results at 18 h after insemination of in
vitro fertilization of pig oocytes matured

in vitro
No. (%) of oocytes
Nuclear maturation 48/53 (90.6)
Fertilization 15/ 53 (84.9)
Normal 7/45% (15.6)
Polyspermic 28 / 45* (62.6)
Polygynic 5/ 45% (11.1)

* Qocytes fertilized (Yoshida et al, 1990)

" Includes three polyspermic oocytes
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Table 8. Results of recovery of embryos from recipient gilts

Days Stage of No. of No.(%) of Developmental stages §
after No. of embryos embryos embryos 1- 2-8
M BL DG
transfer CL* transferred transferred recovered’, cell cell
4 19 2-cell 86 83 (79.1) 15 49 10 2 7
12 3-4-cell 52 28 (43.8) 3 20 3 1 1
7 15 2-cell 33 4 (29.2) 0 0 0 3 11
10 3-4-cell 19 3 (10.3) 0 0 0 0 3

* In recipients.
* At 33 h after insemination.

(Yoshida, 1990)

‘. In relation to the No, of embryos transferred and the No. of CL.

§M = morula: BL = blastocyst: DG = degenerate.

17



Table 9. Summary of blastocyst formation by pig embryos resulting from in-vitro fertilization of oocytes

matured in vitro

Days Stage of No. of No. of blastocysts Mean No. of
after embryos embryos Total At After nuclei blastocyst
transfer transferred transferred (%) recovery re-culture’ (range)
4 2-cell 86 10 (11.6) 2 8 65.8 (22-150)
3-4-cell 52 4 (77) 1 3 315 (28- 50)
7 2-cell 33 3(91) 3 - > 200
3-4-cell 19 000 ) 0 - -
Total 2-4-cell 190 17 ( 89) 6 11 -

* At 33 h after insemination,

+

For 24 h after recovery.

Tabie 10. Embryonic developmental stages from
pig oocytes matured and fertitized in vitro

No. of oocytes 681

exposed to sperm

No. of two-to four-cell embryos 266 (39)

after 48 h (% of oocytes exposed to sperm)

No. embryos recovered 4 d 211 (79)

after transfer (% of transferred embryos)

No. of morulae 42 (20)

(% of recovered embryois)

No. of blastocysts 86 (41)

(% of recovered embryos)

No, of hatched blastocysts 11 (13)

(%

of total blastocysts)

Table 11. Results of ET of IVF embryos matured in vivo

(Mattiol et al, 1989)
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(Yoshida, 1990)
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No. of No. of embryos No. of pregnant No. of piglets
o References
recipients transferred (stage) recipients born
15 206 (2-4 cell) 6 19 Cheng (1985)
4 98 (1-2 cell) 1 4 Yoshida (1987)
3 6 (2 cell) 2 12 Yoshida (1989)
2 1 (2-4 cell) 1 7 Park & Pursel)

(Unpublished )
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Table 12. Results of ET of IVF embryos matured in vitro

No. of No. of embryos No. of pregnant No, of piglets

o o Reference
reciplents transferred (stage) recipients* born

8 380 (2-4 cell) 4 9 Mattioli et al, (1989)

*: Four out of eight recipient gilts were diagmosed pregnant 30 and 37 d after in vitro fertilization. One of these
farrowed nine live piglets and one stillborn. Pregnancy was in progress in two animals,
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Table 13. Establishment and maintenance of pregnancy after the transfer of pronuclear exchange
embryos to recipient gilts

Number
Recipient Pregnancy result
transferred
9 252 estrus detected Day 16
8 1-42 estrus detected Day 50
40 17¢ estrus detected Day 93
8 328 4 pronuclear exchange pigs born
10 control pigs born
12 512 2 pronuclear exchange pigs born
7 control pigs born
158 7-70 1 pronuclear exchange pig born

8 control pigs born

aGilt was bred to a color-marked boar. (PRATHER et al, 1989)
Embryos were retransferred to a secondary recipient after collection from a primary recipient gilt.
¢Gilt received 2 mg estradiol on Days 12 and 13 to maintain pregnancy (Pope et al, 1987)
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Table 14. Pregnancy establishment and maintenance

transfer embryos to recipient gilts.
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after the transfer of 2-, 4- or 8- cell nuclear

Number Donor cell o
transferred stage Recipient Pregnancy result
10 2 25 extended cycle, 28 days
12 2 6809521 extended cycle, 52 days
11 2 5098 13 control piglets born
7° 4 552 6 control piglets born
1 nuclear transfer pig born

4 4 234¢ normal cycle

16 4 7352 extended cycle, 72 days
7 4 2307 11 control piglets born
17 8 462 10 control piglents born
4 8 73722 8 control piglets born

aGilt was bred to a color-marked boar,

(Prather et al, 1989)

*Embryos were retransferred to a secondary recipient after collection from a primary recipient gilt.
°Gilt received 2 mg estradiol on Days 12 and 13 to maintain pregnancy (Pope et al, 1987).
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