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1. INTRODUCTION

Embryos of domestic animals may have been
developed at different kinds of culture media.
When bovine embryos were cultured in a me-
dium, development to the blastocyst stages
were depressed in a medium with amino acid

added both phosphaste and glucose, but those

were incresed in a medium with amino acid
added serum (Pinyopummintr and Bavister,
1991). The additive of both lactate and pyruvate
had not influence on the development of bovine
morulae or blastocyst, and adding pyruvate
alone decreased the percentage of morula or
blastocyst (Rosenkrans et al., 1993).

Rescently, the role of growth factors in em-
bryo culture medium has been studied. This
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kind of experiment also has been performed in
many species (Heyman et al., 1987; Eyestome
and First, 1989; Prather et al., 1991;
Russler-Long et al., 1991: Takagi et al., 1991:
Voelkel et al, 1992: Natsuyama et al., 1993;
Matsuyama et al., 1993). Growth factors in em-
bryo culture are not known to have essential ef-
fect on embryo development but these have
synergistic effect. The development of bovine
embryos to the blastocyst stage in media with
EGF, TGFg,, and PDGF was increased (Yang
et al., 1993). Leukemiainhibitory factor (LIF)
was examined to have effects on embryonic de-
velopment in different species. When bovine
IVM /IVF morulae were cultured in medium
supplemented with mLIF, the expanded and
hatched blastocyst were significantly higher in
comparison with medium alone (Marquant-Le
Guienne et al., 1993). Fry (1992) reported that
LIF  receptors were observed first at
trophectoderm of expaned blastocyst, and that
LIF might be involved in regulating implan-
tation. But it is not reported that LIF has ef-
fects on development of pig embryos derived
from in vitro matured /fertilized oocytes.
Therefore, this study was design to study the
developmental ability of pig IVM /IVF embroys
as follows coditions: 1) the different kinds of
media, 2) the supplementation with amino acids
and serum in medium, 3) co-culture with so-
matic cells, 4) and addition of mLIF to the cul-

ture media.

. MATERIALS AND METHODS

1. Recovery of immature oocytes

Ovaries were collected from prepubertal gilts
at a local slaughterhouse and transported to the
laboratory in saline (35 to 39°C) within 1hr. The
follicular oocyte-cumulus complexs were reco-

vered by aspiration from the follicles (2~6mm in

diameter) using a 21-gauge needle and a 10m¢
disposable syringe. The oocyte-cumulus compl-
exes were washed three times with TL-HEPES
(0.3mg /m¢ BSA) and the maturation medium,
respectively. Qocytes possessing a compact
cumulus cell mass and evenly granulated

ooplasm were used for this study.

2. In vitro Maturation (IVM)

Fight to ten oocytes were transferred into a
50ul droplet of maturation medium equibilited
for 2hra in 5% CO, 95% O, incubator under
warm paraffin oil in a polystyrene culture dish
(60 10mm). The maturation medium consisted of
90% (v /v) TCM-199 (with Earle’s salts: Gibco,
USA) supplemented with heat-treated 10% FBS
(v/v: Sigma, USA), 25mM NaHCO; (Sigma,
USA), 0.2mM pyruvate (Sigma, USA), 1 ug/mnl
FSH-p (Schering-Plough Animal Health, USA),
1 1g /mf estradiol-178 (Sigma, USA), and 25 ug
/mg gentamycin (Sigma, USA), and then the
oocytes for maturation were cultured at 39C in
5% CQq in air for 40~42hr,

3. Sperm capacitation and in vitro fertili-
zation (IVF)

Semen were collected from a Landrace boar
by hand-massage method. The sperms induced
capacitation by using a Percoll density gradient.
Briefly, a 90% percoll stock was prepared with a
9:1 mixture of Percoll and 10-strength of
TALP Il (BSA free solution). The Percoll den-
sity gradient was prepared on a 15m¢ conical
tube with 2m¢ of 90% Percoll added to the tube,
which was layered with 2m¢ of 45% Percoll 1:1
mixture of 90% Percoll and single strength of
TALP without BSA,
layered onto the Percoll density gradient, and

semen subsequently

then was centrifuged at 2,000rpm for 15mim at
room temperature, After centrifugation, the pel-

let containing capacitated sperm (95% motile)
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was recovered from bottom of conical tube, and
used directly for I1VF.

Motile sperm cells were added into the
fertilization medium containing 30~50 cocytes
/mé to make a final concentration of 3x10° sp-
erm /mé. Incubation conditions for I VF were 5%
CO; in air with saturated humidity at 39°C. The
fertilization medium was consisted of bovine
serum albumin (BSA: 12 mg/m¢), 0.2mM py-
ruvate, 2 ug/mé heparin, 18.2 M pencillamine,
1.8 M hypotaurine 9.1.M, epinephrine, and 25
g /m¢ gentamycin. Incubation conditions for
IVF were 5% CQO, in air with saturated humidity
at 39C.

4. Preparation feeder layer

STO cells derived from mouse fibroblast were
purched from ATCC Co. for co-culture of pig
embryos. STO cells were cultured in 35¢cn flasks
dish with DMEM containing 10% FBS until con-
fluent under 5% COQ, in air with saturated hu-
midity at 37%¢C. Confluent monolayers in 35cnf
flasks were treated with mitomycin C (1 ug /e,
Sigma, USA) to prepare mitotically inactivated
cells for 2~3hrs and then medium was aspirated
and replaced with new DMEM (Gibco, USA)
containing 10% FBS. STO cells were then
treated with a mixture of 0.05% trypsin /EDTA
(Sigma, USA) for 3~5min and then the agi-
tated until detached from flask. The cells were
replated onto 0.1% (w /v) gelatin-coated (swine
skin) 4-well culture plate of CR; containing 10%
FBS to promote adherence, Most cells were at-
tached within 30min and spread within 4~5hr
after plating. Mitotically inactivated cell layers

were used next in the morning after replating.

5. I'n vitro embryo development
At 10+1hr post sperm insemination, the
oocytes were washed 4~5 times with each cul-

ture medium. Embryos were then allocated to

randomly preassigned 4-well dish with embryo
culture media,

Experiment 1. To investigate the effects of cul-
ture media ;n pig embryos development, the
culture media were prepared as follows; com-
plex media: (1) TCM-199 + 10% FBS, (2)
DMEM + 10% FBS, simple media: (3) mKRB
+ 10% FBS, (4) CR, + 10% FBS, 2% MEM
amino acid (Gibco BRL, USA), 1% MEM
non-essential amino acids (Gibco, USA) and
1mM L-glutamine,

Experiment 2. To examine effects of amino
acids or /and FBS on pig embryo development,
the embryos were randomly placed in (1) CR,,
(2) CR, supplemented with amino acids, (3) CR;
supplemented with 10% FBS, (4) CR,
supplemented with amino acids and 10% FBS.
Experiment 3. To examine the effect of mLIF or
co-culture system (STO cell) on pig embryo de-
velopment, the embryos were randomly placed
in (1) CR, (containing 10% FBS and amino
acids) supplemented wirh mLIF, or (2) CR,
(containing FBS 10% and amino acids) con-
dition by STO cells. LIF (AMRAD, ESGRO,
Australia) were added to the medium at a rate
of 1,000 unit / mé.

_I;“:xperiment 4. To investigate the time when
LiF functions in development of pig embryos,
the embryos were randomly allocated to (1) CR,
containing 10% FBS and amino acids (2) (1)
supplemented with mLIF (1,000 unit/m¢) at
1-cell stages, or (3) (1) supplemented with
mLIF at 8-cell stages.

Embryo cultures in four kinds of experiments
were performed under 5% CO, in air with satu-
rated humidity at 39C, and embryos were
incubated for 6 days without disturbing,

6. Statistical analysis
All data were analyzed with Student’s t-test

to find the significance of differences between
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two different groups.
I, RESULTS

Experiment 1. Embryo development in dif-
ferent culture media

As shown in Table 1, development of pig
IVM /IVF derived embryos in four different
media were examined. The cleavage rates of
plg embryos were no significantly different
among four different media, but developmental
rates to the blastocyst stage were significantly
different, The highest developmental rate of pig
IVM /IVF derived embryos to the blastocyst
stage was found in CR,aa media in comparision

with other’s medium.

Experiment 2. Effect of amino acids and FBS
Development of pig IVM /IVF derived em-

bryo in CR; medium supplemented with or with-
out amino acids or /and FBS were examined
(Table 2). The cleavage rate (35.2%) of pig em-
bryos in CR; alone was significantly lower than
those of other’s media (58.1~66.1%). Pig em-
bryos in medium supplemented with FBS or
FBS and amino acids were developed upto the
blastocyst stage (5.6, 9.1%). Especially, pig em-
bryo’s development in CR, medium supple-
mented with amino acids and FBS show the
highest development and only developed to the
hatched blastocyst (Fig. 1).

Experiment 3. Effect of mLIF and feeder layer
cells (STO) on development of
pig embryo

Developments of pig IVM /IVF derived em-
bryos were compared in two different conditi-

ons, addition of mLIF to medium and co-culture

Table 1. Development rates of porcine IVM/IVF derived embryos cultured in four different media

) No. of No. (%) of No. (%) of
Media!
examined oocytes cleaved blastocyst
1) TCM-199 492 264(53.7) 0€0.0)
2) DMEM 325 165(50.7) 2(1.2)
3) mKRB 241 158(65.6) 6(3.8)
4) CRjaa 501 297(59.2) 24(8.1)

! Supplement with 10% FBS

Table 2. Effects of amino acids and FBS on in vitro development of pig IVM/IVF derived embryos

in CR; medium
No. of No. (%) of No. (%) of No. of
Treatment .
examined oocytes cleaved blastocyst hatching
1) CR, 273 96(35.2) 0(0.0) 0
2) CR; + aa! 353 205(58.1) 0(0.0) 0
3) CR, + FB&? 649 429(66.1) 24(5.6)2 0
4) CR; + aa! +FBS? 646 417(64.6) 38(9.1)° 2

1 Containing 2% MEM amino acid, 1% MEM non-essential amino acids, ImM L-glutamine

2 Containing 10% FBS
a, b : p=0.022
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Fig. 1. In vitro development of porcine follicular oocytes ( x 320)

A. Early blastocyst
C. Hatching blastocyst

of STO cells, Development rates to the blasto-
cyst stage in two culture conditions were not sig-
nificantly different (Table 3). This finding sug-
gests that development of pig embryo was not

influenced by matrix type of LIF.

Experiment 4. Effects of mLIF on development
of pig embryos
Developmental rates of pig IVM /IVF derived
embryos in CR; medium supplement with mLIF
were examined (Table 4). The cleavage rates
(73.4~75.0%) of embryos developed in each

B. Late blastocyst
D. Hatched blastocyst

medium were no significantly different. How-
ever, when mLIF was added to the embryos
upto the 8-cell stage, blastocyst was signifi-
cantly increased. This finding indicate that LIF
actively functions beyond the 8-cell stages, but
that LIF was not functions early stages below
the 8-cell for embryo development.

IV. DISCUSSION

The findings obtained from this study are that
pig IVM /IVF derived embryos can develop to
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Table 3. Effects of pig IVM/IVF derived embryos on co-culture with STO feeder layer

No. of
Treatment
examined oocytes
1) CR, + LIF 410
2) CR, + STO feeder layer 581

No. (%) of No. (%) of
cleaved blastocyst
243(59.3) 26(10.7)
327(56.3) 37(11.3)

! Additice 2% MEM amino acid, 1% MEM non-essential amino acids, ImM L-glutamine and 10% FBS

Table 4. In vitro development of porcine IVM/IVF derived embryos in CR;aa (10% FBS) medium

supplement with mLIF
No. of No. (%) of ‘ No. (%) of
Treatment!
examined oocytes cleaved blastocyst
1) CR, 400 297(73.5) 29( 9.9)?
2) CR; + mLIF 396 297(75.0) 36(12.1)°
3) CR, + mLIF? 414 304(73.4) 63(20.3)¢

! Addition of 2% MEM amino acid, 1% MEM non-essential amino acids, 1mM L-glutamine and 10% FBS

2 Addition of LIF (1,000 unit /m¢) beyond 8-cell stage
¢ p=0.020, b, ¢ : p==0.036

the blastocyst stages in simple culture media
containing serum or in co-culture system such as
STO cell. It is previously reported that co-cul-
ture system using somatic cells overcomed in vit-
7o cell block by reducing levels of inhibitory com-
ponents which typically present in commercial
culture medium and serum. Components such as
vitamins, fatty acids, growth factor, etc, which
are present in serum, were well-known to essen-
tial to late stages of embryo development (Kane
et al., 1986: Kane and Bavister, 1988; Pinyop-
ummitr and Bavister, 1991). Even though co-cul-
ture system by somatic cells overcomes the in
vitro cell block, preparation of feeder layer for
embryo culture is too much laborious.

Thus, in this study we have designed to de-
velop new simple culture systems of pig
IVM /IVF derived embryos by combination
with amino acids, FBS and mLIF, Whether pig
IVM /IVF embryos developed to the blastocyst

stage by other investigators using conditioned

media were reported or not, these data also was
based on the hypothesis that addition of
embryotrophic factors in simple media will be
overcomed the blocks for in vitro embryo devel-
opment.,

Pig embryo development to the blastocyst
stages were effected by media used. Previouse
reports showed that uterine and oviduct contain
at least 20 free amino acids (Fahning et al.,
1967: Stanke et al., 1974). However, it is not
clear how amino acids improve in vitro embry-
onic development. Development to blastocyst in
medium containing amino acids and 10% FBS
was significantly higher than others media as
showed in Tablel. Development of pig embryos
to the blastocyst were found only in medium sup-
plemented with FBS. Especially, supplemen-
tation of amino acids to CR; medium containing
FBS showed higher development rates of em-
bryo than those of CR, medium containing FBS.

Furthermore, embryos cultured only in this me-

—-212—



dium were developed to the hatching and hat-
ched blastocyst stages, Therefore, this finding
was comparable with previous evidences which
amino acids have been reported to be essential
for in vitro development of embryo (Kane and
Foote, 1970: Bavister et al., 1983: Resenkrans
et al., 1989; Zhang and Armstrong, 1990). Tak-
en together, this result suggested that sup-
plementation of amino acids promoted embryo
development beyond the early blastocyst stage.
It seems that supplementation of amino acids to
the culture medium may also increase the pool
size of endogenous amino acids, the rate of de
novo protein synthesis, and the number of cells
of blastocyst (Zhang and Armstrong, 1990 ;
McLaughlin et al, 1990; Takahashi and First,

1992). Especially, it is clue that glutamine amon-

g amino acids may act as an energy source of
embryo development (Rieger and Guay, 1988).

We have also investigated the effect of LIF
on late development of pig embryo because
mlIF receptors are expressed at the morula
stage. Embryo development with mLIF only and
co-culture with STO cells were examined be-
cause STO cells secreted both soluble and mat-
rix LIF. This finding suggests that develop-
ment of pig embryo was not influenced by mat-
rix type of LIF (Table 3). Thus, the experiment
was designed as follow ; 1) CR; plus amino acids
and FBS, 2) CR; plus amino acids, FBS and
mLIF, and 3) CR, plus amino acids and FBS and
then supplemented with mLIF at morula stage.
Interestingly, the supplementation of mLIF at
8-cell stages showed significantly higher devel-
opment rate of embryo than those of two differ-
ent conditions (Table 4),

Leukemia Inhibitory Factor (or differentiation
inhibitory acitivity) is a 45- to 56- KDa glyco-
protein that has multiple activities on various in
vitro culture systems (Rathjen et al., 1990). The
temporal and spatial expression of LIF were

analyzed during embryogenesis in neonatal and
adult mice. LIF is also expressed at low levels in
many different tissues, but the highest level of
LIF mRNA expression occurs in the endometrial
glands of the uterine endometrium in mice. In
addition, the expression occurs transiently on
day 4 of pregnancy and reduced after implan-
tation. This fact explains why LIF supplemen-
tation at elevated the development above 8-cell
stages of pig embryos (Bhatt et al, 1991; Stew-
art et al., 1992). It is generally observed that
LIF inhibits of embryonic stem cell differen-
tiation in vitro and also suggests that it may play
a role in regulating the growth and development
of early mouse embryos since embryonic stem
cells are derived from the inner cell mass of blas
tocyst. Derivation of embryonic stem cells from
the inner cell mass is dependent either on the
presence of a fibroblast “feeder” cell layer that
secretes LIF or on the presence of the exogen-
ous LIF added to the culture medium (Martin,
1981. Evane and Kaufman, 1981. Williams et
al., 1988). Although the addition of hLIF to the
culture medium had little influence on the early
development of mouse embryos through the blas-
tocyst stage, it increased the proportions of hat-
ched blastocysts from the zona pellucida and
late blastocysts. These blastocysts had a larger
area of trophectoderm than that of control, but
had a similar inner cell mass area. In studies on
sheep embryos, the addition of hLIF to culture
media increased 4-folds the number of Day-5 bov-
ine embryos that hatched from the zona pelluc-
ida after 48hr in culture. In addition, fewer em-
bryos degenerated when cultured in media con-
taining hLIF (for review, Fry, 1992).

In conclusion, this study have shown that sup-
plementation of FBS was essential for develop-
ment to blastocyst ix wvitro and supplementa-
tion of amino acids increased the development

rates to blastocyst. Espeically, when supplen-
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mentation of LIF significantly increased the de-
velopment to the blatocyst stages, We lead to
onclude that LIF will be effective factor ¢n vitro
development for pig IVM /IVF derived em-
bryos.

V. SUMMARY

The aim of this study was designed to investi-
gate the effect of amino acids, fetal bovine ser-
um (FBS) and leukemia inhibitory factor on the
development of in vitro-produced embryos from
pig follicular ococytes. Pig follicular oocytes
were collected from the ovaries of slaughtered
pigs and matured in TCM-199 containing hor-
mones (lug /ml of FSH-p, 1ug /ml of Estrad-
i0l-178) and 10% FBS for 42hrs at 397, 5% CO,
in air, The capacitation of pig spermatozoa was
induced by centrifugation through Percoll den-
sity gradient (45 to 90%). Capacitated spermat-
0zoa were inseminated into lml-well containing
matured follicular oocytes and then incubated
for 10 + 1lhrs. Final sperm concentration was
adjusted to 3x105 per milliliter. Fertilized ooc-
ytes were transferred to the several different
culture conditions, and then the effect of cul-
ture media and the additional effect of FBS,
amino acids, mouse fibroblast cells and mouse
LIF on in vitro development of pig zygotes were
investigated. Development rate to the blasto-
cyst stage of in vitro matured and in vitro fertil-
ized oocytes in CR, containing amino acids and
10% FBS had increased rather than in others
media. Especially, development of pig embryos
cultured in CRjaa supplemented with 10% FBS
and mouse LIF (1000unit /ml) upto the 8-cell
stage was significantly higher than those in

other culture conditions. Results from this study

suggest that the adding of mouse LIF to the cul-

ture medium containing amino acids and FBS

may have a beneficial effect on pig embryonic

development in vitro.
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