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INTRODUCTION

Recent progress in the development of co-cul-
ture system with oviductal, trophoblastic or fol-
licular cells has enabled in vitro development of
zygotes beyond the block stage to blastocysts.
Thus, various #n wvitro culture systems are now
being used as routine procedures for assessing
viability of embryos produced by in witro
fertilization in sheep and cattle (Goto e al.,
1988). Substantial progress has been also made
in devising in vitro culture conditions for porcine
zygotes and cleavage stage embryos. As de-
scribed in two recent reviews (Reed et al., 1992:

Petters and Wells, 1993), three types of culture
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condition have been studied: (i) organ culture,
in which the embryos are grown within oviducts
either in vivo or in witro; (ii) co-culture with so-
matic cells, with oviductal cells, or in media
supplemented with oviductal fluid; (ii) culture
in defined media. Early porcine embryos develop
into morulae or blastocysts with varying degrees
of success in all three systems. Only organ cul-
ture or co-culture systems appear to support the
development into blastocysts of zygotes and em-
bryos earlier than the four-cell stage (Archibong
et al., 1989: Prather ef al.,, 1991). Nevertheless,
because simple, defined culture media are
easiest to replicate, and because the influence of
the addition or elimination of individual com-

ponents can be studied easily in simple solut-

* aAY st #4238t Department of Genetic Engineering, Korea University)

—139-



ions, considerable attention has been paid to dev-

ising such media.

The objective of the present study was to
compare the efficacy of two culture media in
supporting development of porcine zygotes into
expanded and hatched blastocysts. The aim was
to identify media that could be used for in vitro
culture to assess embryo viability. The media
tested were CZB, as first described by Chatot et

al. (1989), and CRy,,, as described by Rosenkran-

s and First (1991), both of which require high
CO, to maintain a neutral pH. CZB medium was
found to be effective for culturing mouse zygot-
es, particularly from strains early embryos of
which exhibited the so-called ’two-cell block’
(Chatot et al., 1990), bovine embryos (Ellington

et al., 1990) and porcine embryos, in a prelimi-

nary study (Misener et al., 1991). CR ., was foun-

d to be effective for culturing porcine embryo
(Uhm et al., 1994). In addition, we examined the
effect of a lipid, cholesterol on development of

porcine embryos produced in vitro.

MATERIALS AND METHODS

1. Embryo culture systems
The following culture systems using microd-
roplets of two different media with or without
co-culture cells were examined. Media were
adjusted to pH 7.4 and sterilized through 0.22um
Millipore filters. All the droplets of media were
covered with liquid paraffin oil in a 35mm plas-
tic petri dishes and maintained in an atmosphere
of 5% CQ. in humidified air at 39°C.
1. CZB medium supplemented with 15% FCS
was used in 50ul droplets with BOEC.
2. CRy. containing essential and non-essential
amino acids, SIT and 4mg BSA/mL was
used 1n 50uL droplets without BOEC.

2. Preparation of oocytes

QOvaries were collected from maturing gilts at
a local slaughterhouse and transported to the
laboratory within 1~1.5 h in 0.8% (w/v) NaCl
solution at 37~39C. Qocytes were aspirated
from antral follicles (3~5mm in diameter) with
an 18-gauge needle fixed to a 1-mL disposable
syringe. Immature oocytes were washed three
times and with TCM 199 containing 20% FCS.
10 IU hCG /ml. and 10 IU PMSG /mL. Ten ooc-
ytes with compact cumulus were transferred to
50uL of the same medium, which had been pre-
viously covered with warm paraffin oil in a
35mm plastic petri dishes and equilibrated in an
atmosphere of 5% CO; in air for about 3 h, cul-
tured for 48 h at 397C in the same atmospheric
condition (Yoo et al., 1993).

3. Sperm preparation and in vitro fertilization

Spermatozoa were capacitated in heparin-con-
taining Capa medium, which had been pre-
viously equilibrated in an atmosphere of 5% CO.
in air for about 3 h. A 10ul. sample was introd-
uced into 50ulL of Fert medium that included the
ten oocytes, and the mixture was incubated at
39C in an atmosphere of 5% CQO, in air. The mix-
ture gave final concentrations of 1~2x10° sper-
matozoa /mL. After incubation for 18 h with the
spermatozoa, the inseminated oocytes were was-
hed with culture medium and transferred to em-

bryo culture droplets indicated above,

4. Chemical activation of oocytes matured in vit-
ro

After in vitro maturation, the oocytes were
suspended in 3% sodium citrate solution to dis-
perse cumulus cells and were freed from the cel-
Is by vortexing (Kinis ef al., 1989). The denuded
oocytes were washed 3 times with TCM 199 con-
taining 15% (v /v) FCS and incubated for 10
min at 39°C in TCM 199 containing 15% (v /v)
FCS and 10% (v /v) ethanol to induce parthen-
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ogenetic activation (Kim ef al,, 1994).

5. Culture of embryos

The in wvitro fertilized or parthenogenetically
activated oocytes were cultured in either CZB
medium with BOEC or CR., medium without

BOEC. Some embryos fertilized in vitro were cul-

tured in CZB medium containing different con-
centrations of cholesterol (Oug/mL, 2ug/mL,
5ue /mL and 10ug /mL) with BOEC to examine
whether the lipid in medium support early de-
velopment. The media were changed at every 48
h, and the morphology of the in »itro cultured
embryos 1n CZB and CRi.. were examined at 48
h and 192 h under a microscopy. The in witro cul-
tured embryos were stained with Hoechst 33258
and examined using a fluorescence microscopy
(200x ), and nuclei were counted for the accu-
rate assessment of the embryonic development
(Fig. 1). Rapid staining method was also used in

some embryos,

RESULTS AND DISCUSSION

Development of the in vitro fertilized embryos
were presented in Table 1. The cleavage rate of
the in vitro cultured embryos in CR,.. was lower
than in CZB at 48 h (17.6 vs 42.4%, respec-
tively). And the ratios of morula were 5.81 and
0% in CZB and CR,.. at 192 h, respectively.

Development of the in vitro ethanol-activated
embryos were presented in Table 2. The cleav-
age rate of the in vitro cultured embryos in CR
was lower than in CZB at 48 h (16.8 vs 32.2%,
respectively). And the ratios of morula were 5,
75 and 0% in CZB and CR, at 192 h, respect-
ively. However, no blastocyst was found in all
the experimental groups of fertilized or activ-
ated oocytes. Although the ‘earlier-cell block’
was overcome in our study in co-culture with
BOEC, development of embryos cultured in vitro
were much lower compared with ¢n vivo.

From the results of both fertilized and activ-
ated oocytes, it was evident that porcine em-
bryos did not grow properly in the chem-
ically-defined medium, CR., without BOEC and
FCS. However, it is concluded that the CZB

Table 1. Early development of porcine oocytes matured and fertilized in vitro!

No. of embryos developed to the following stage
at 48 h (%) at 192 h (%)

No. of embryos
cleaved at 48 h

No, of the
media’ oocytes used

Culture

(%) 2~3-cell 4-cell Morula Total
CZB 344 146 (42.4) 101 (69.7) 27 (18.6) 9 (5.81) 155 (45.1)
CRua 306 54 (17.6) 40 (74.1) 9 (16.7) 61 (19.9)

! Capacitated epididymal spermatozoa were coincubated with the oocyte matured for 48 h.
2 CZB medium + 15% FCS + BOEC, and CRj., medium containg 4mg BSA /mL + SIT + essential and

non-essential amino acids.

Table 2. Early development of porcine oocytes matured and ethanol-activated in vitro}

No. of embryos developed to the following stage
at 48 h (%) at 192 h (%)

No. of embryos
cleaved at 48 h

No. of the
media® oocytes used

Culture

(%) 2~3-cell 4-cell Morula Total
CZB 214 69 (32.2) 47 (68.1) 14 (20.3) 5( 5.75) 87 (40.7)
CRya 202 34 (16.8) 27 (79.4) 6 (17.6) 43 (21.3)

' Oocyte activation was performed at 54 h of maturation in vitro.
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Table 3. Early development of porcine oocytes cultured in vitro in the presence of cholesterol at differ-

ent concentrations!

Concentration No. of No. of embryos No, of embryos developed to the following stage
of cholesterol  the oocytes cleaved at 48 h at 48 h (%) at 192 h (%)
(g /mlL) used (%) 2~3-cell 4-cell Morula

0 39 16 (41.0) 14 (87.5) 2 (12.5) -
2 40 20 (50.0) 13 (65.0) 7 (35.0) 2 (10.0)
5 42 22 (52.4) 15 (68.2) 7 (31.8) 1 (0.45)
10 38 14 (36.8) 11 (78.6) 3(21.4) -

1, CZB + 15% FCS + BOEC was used as a basic medium.

medium may be used for the production of

pre-blastocyst embryos either fertilized or activ- SUMMARY

ated until an adequate culture system is found,
The early embryos produced in this way can be
served as adequate materials for various biot-
echnology including rapid predetermination of
sex by PCR in porcine.

Development of the embryos cultured in vitro
in the presence of cholesterol at different con-
centrations were presented in Table 3. The
cleavage rates of the in witro cultured embryos
in treatment 1 (2ug cholesterol /mL), 2 (5ug
cholesterol /mL) were higher than those in con-
trol (Oug cholesterol /mL) and treatment 3
(10ug cholesterol /mL.). From this result, it was
suggested that cholesterol at a concentration of
2~5ug /mL may help development of porcine
embryos cultured ¢n witro. It has been reported
that porcine early cleavage-stage embryos sur-
vived cryopreservation following removal of
cytoplasmic lipid and developed up to blastocyst
under a similar condition used in this study (Hir-
oshi et al., 1994). Tt is supposed that lipids may
be very important in development of embryos
cultured ¢n witro. The effects of various fatty
acids on development of embryos cultured i» vit-
ro perhaps will provide a clue for the improve-
ment of porcine embryonic development in vitro.
Such experiments are under progress in our lab-

oratory.

In the present experiment, development in vii-
ro after chemical activation and fertilization in
vitro were examined when porcine oocytes were
matured in simple media. Porcine cumulus-ooc-
yte complexes were cultured in TCM 199 sup-
plemented with 20% (v /v) FCS and hormonal
supplements (10 IU hCG /mlL., 10 U PMSG /
mL) for 24 h. They then were cultured without
hormonal supplements for an additional 24 h.
After activation by 10% ethanol or fertilization,
oocytes were co-cultured in CZB medium sup-
plement with 15% FCS with BOEC, or in CR,.
medium supplement with BSA+A A+SIT. Af-
ter activation or fertilization, development of
the oocytes was observed every 48 h up to 192 h
(8 days). At 48 h after activation, 32.2% of the
oocytes cocultured in CZB medium with BOEC,
and 16.8% of the oocytes cultured in CR.. me-
dium developed to the 2- to 8-cell stages. When
oocytes were cultured for 8 days after acti-
vation, the percentages of oocytes that devel-
oped to the morula stages were higher in the
CZB group compared with the CR.. group (5.
75% vs 0%, respectively). All oocytes cultured
in the both media didn’t developed to the blasto-
cyst stages. At 48 h after fertilization, 42.4% of
the oocytes co-cultured in CZB medium with
BOEC, and 17.6% of the oocytes cultured in
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CR... medium developed to the 2- to 8-cell stag-
es. When oocytes were cultured for 8 days after
activation, the percentages of oocytes that de-
veloped to the morula stages were higher in the
CZB group compared with the CR.. group (5.
81% vs 0%, respectively). When oocytes were
cultured in CZB medium containing different
concentrations of cholesterol (0, 2, 5, and 5ug
/mL) with BOEC, the ratios of morula were 0,
10, 0.45 and 0%, respectively. All ococytes cul-
tured in the both media didn't developed to the
blastocyst stages. It is concluded that the CZB
group is more competent to support develop-
ment of porcine zygotes compared with the
CRi.a group. It is also considered that chemical
activation is very available for the predetermi-

nation of sex in animals using PCR as control.
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