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INTRODUCTION

In vitro embryo production (IVP) in small rumi-
nants provides an excellent source of low-cost em-
bryos for basic research on developmental biology
and physiology and for commercial application of
the emerging biotechnology such as nuclear trans-

fer and transgenesis (Baldassare et al., 2002). In

addition, the application of IVP and interspecific
transfer has been proposed as a strategy for the res-
cue of some endangered species (Ptak et al., 2002).
The method of IVP of embryos involves three
main steps: maturation of primary oocytes collected
from antral follicles, fertilization of the matured se-
condary oocytes with semen, and culture of the pu-

tative embryos for up to day 8 until formation of
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blastocysts that can be transferred to recipients or
cryopreserved for future use.

Compared with the procedure in cattle and sheep,
IVP in goats has been subjected relatively few re-
ports, despite its usefulness for both basic research
and in commercial applications. Since it was di-
fficult to culture goat embryos to the 8 to 16 cell
stage in vitro, a stage specific developmental block
has been postulated in these animals (Wright and
Bondioli, 1981). In an attempt to overcome the de-
velopmental block occurring in vitro and to
approximate efficiency in vivo, various embryo
culture conditions have been widely investigated.
Generation of reactive oxygen species is an inevi-
table consequence of oxidative reactions. Thus cel-
lular protective process has evolved to include anti-
oxidants or free radical scavengers to prevent cel-
lular damage caused by reactive oxygen species.
The aim of the present study was to establish
effective in vitro systems for oocyte maturation,

fertilization and develop of Korean native goats.

MATERIALS AND METHODS

1. Oocytes Recovery

Goat ovaries were collected from a local slaugh-
terhouse and transported to the laboratory within
2~3 h of harvest at 35C in PBS supplemented
with 100 units/ml penicillin G (Sigma, USA) and
100 ug/ml streptomycin (Sigma, USA). Oocytes
were collected either by aspiration or slicing me-
thods. For aspiration, antral follicles were aspirated
into 10 ml disposable plastic syringe fitted with an
18G needle. For slicing, ovaries were placed in a
petri dish containing 5 ml Hepes-199 supplemented
with 0.2% BSA and held with an artery forceps.
The visible surface of follicles was carefully
dissected, and finally the whole ovary was sliced
with the help of a scalpel blade into thin pieces.
Large pieces of ovarian tissues were removed by

through washings. Oocytes were recovered under a

stereomicroscope ( X 40).

The isolated oocytes were washed 3 times with
Hepes-199 supplemented with 0.3% BSA and
classfied into 4 categories (Grade I, II, IIT and IV)
according to the character of the cumulus cells
(Wiemer et al, 1991; Cox et al., 1994) oocytes
with more than 4 layers of compact cumulus cell
and uniform cytoplasm (Grade I), with 2~3 layers
of cumulus cells (Grade II), with less than 2 layer
or partialy naked cumulus cells (Grade II) and
without cumulus cells and degenerated cytoplasm
(Grade IV).

2. In Vitro Maturation

Sets of 15 oocytes were matured in 100 ul drop-
lets of TCM-199 supplemented with 10% FBS, 10
ug/ml FSH (Sigma, USA), 10 ug/ml LH (Sigma,
USA) and 10 ng/ml epidermal growth factor (EGF,
Sigma, USA) at 38.5°C in a humidified atmosphere
of 5% CO; in air. After 24 h in vitro maturation
(IVM), some of expanded cumulus cells were
removed by vortexing for 2 min in Ham's F10
medium containing 0.5 mg/ml hyaluronidase, and
fixed overnight in methanol:acetic acid (3:1, v/v)
and stained with 1% aceto-orcein to reveal the
chromosome status. Oocytes were classified as ger-
minal vesicle (GV), metaphase I (MI) and meta-
phase II (MII).

3. In Vitro Fertilization
Sperm collected from cauda epididymis were

treated with swim-up procedures. Briefly, sperm
were washed once by centrifugation at 300 g for
10 min in 10 ml of sperm-Talp. From 0.5 ml of
sperm pellet, five aliquots of 0.1 ml were trans-
ferred into five 2-ml round-bottom test tubes and
then each was overlaid with 0.5 ml of IVF-Talp
containing 0.3% BSA, 10 ug/ml heparin and 2.5
mM Caffeine. With the tubes tilted to a 45 angle,
incubation at 38.5°C in a humidified atmosphere of

5% CO2 in air for 1 h allowed swim-up of motile
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sperm. The top 0.4 ml of the supernatant was har-
vested and further centrifuged at 300 g for 10 min
to yield a sperm pellet, and resuspended in 0.6 ml
of IVF-TALP or BO (Brackett and Oliphant) me-
dium.

For IVF, expanded cumulus cells were partially
removed from oocytes after 24h IVM by vortexing
them for 10 sec in Talp and divided to two IVF
groups. Goup 1 oocytes were fertilized in BO me-
dium and group 2 oocytes were fertilized in IVF-
Talp. Sets of 15 oocytes were then inseminated
with sperm which had been prepared by swim-up
at a final concentration of 2 x 10° sperm/ml in 50
ul of each IVF media for 18 h at 385C in a
humidified atmosphere of 5% CO: in air.

4. In Vitro Culture

After 18 h of co-incubation with sperm, set of
15 oocytes were removed from the fertilization drops.
The cumulus was stripped off by repeated pipetting
through a small-bore pipette and cultured in 100 ul
TCM199 (co-cultured with 100~200 goat oviduct
epithelial cells/100 ul) or modified synthetic ovi-
duct fluid (mSOF) medium (Takahashi and First.,
1992) supplemented with 1 XMEM non essential
amino acid, 1 XBME amino acid and 0.3% BSA.
At 48 h and 120 h post-insemination, the cultures
were "fed" by adding 25 ul of fresh IVC medium
to each drop, and were maintained for 192 h post-
insemination. At that time, the rates of develop-
ment into blastocysts were determined. To investi-

gate the effect of GSH, embryos were cultured in

Table 1. Effect of collection methods on the number of recovered oocytes

mSOF supplemented with 1 mM GSH.

5. Statistical Analysis

Differences were analyzed among treatments
using the General Linear Model (GLM) procedure
in the Statistical Analysis System (SAS). A proba-
bility of P<0.05 was considered to be statistically

significant.

RESULTS AND DISCUSSION

1. Effects of Different Collection Methods on the Number

of Recovered Oocytes

In order to compare the efficiency of the number
and quality of oocytes by different collection me-
thods, oocytes were collected either by aspiration
or slicing methods (Table 1). A total of 276 ovaries
were aspirated and 176 ovaries were sliced. There
were not differences on the grade and number of
oocytes collected per ovary by slicing and aspira-
tion. The total number and grade I of oocytes were
3.9 and 0.4 in aspiration, and 4.1 and 0.4 in sli-
cing, respectively.

The number of high quality oocytes recovered
per ovary has been an important consideration in
the in vitro embryo production. Mammalian ovaries
contain thousands of oocytes, but with the currently
available methods only a relatively small propor-
tion of the total vesicular follicle population can be
utilized. A couple of methods were reported on the
collection of follicular oocytes from slaughtered

ovaries in domestic antmals, including aspiration,

{Mean£SD)

Collection No. of Number (%) of collected oocytes/ovary

methods  used ovaries Grade 1 Grade II Grade III Grade IV Total
Aspiration 276 0.4+0.1 (103) 0.9£03 (20.5) 1.8£0.7 (38.5) 1.3+0.6 (30.8) 3.9
Slicing 176 04+0.2 ( 9.8) 09+02 (22.0) 1.9+0.8 (39.0) 1.3+05 (29.3) 4.1

There were no significantly (P<0.05) difference between collection methods.
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dissection and slicing with advantages and disad-
vantages. In general, goat ovaries were sliced or
dissected for obtaining the follicular oocytes due to
small size of ovary and follicle. Crozet et al.
(1995) compared that the number of oocytes collec-
ted by aspiration and slicing are 2 and 6 per ovary,
respectively. It has been suggested to do aspiration
when follicle diameter is 2~8 mm, whereas slicing
when the diameter is less than 2 mm. Out of 452
ovaries, the present study showed that ~4 oocytes
were collected both by aspiration and slicing, and
did not differ of the number of oocytes collected
between the methods. Approximately 1.3 oocytes
were categorized in grade I an II when the oocytes
were evaluated by morphological assessments, such
as the layers of cumulus cells. In cattle, follicular
oocytes collected were ranged ~70% of good
quality (Grade I and II) (Katska, 1984; Lu et al,
1987 Iwasaki et al., 1987; Hamano and Kuwayama,
1993). Whereas, in goat, only 30% of the oocytes
remained Grade I and I (Pawshe et al., 1994; Park
et al,, 2000). This is similar to the present study
and caused to retardation of the developmentof the

field in goat in vitro embryo production.

2. Effects of Oocytes Quality on Nuclear Maturation of
Oocytes
After 24 h of maturation, different grade oocytes
removed their cumulus cells were evaluated nucle-
us status, as assessments of germinal vesicle (GV),
metaphase I (MI) and metaphase II (MII). Table 2
shows that most oocytes (93%, 37/40) in grades I
and IT were in the metaphase II stage. However,
35% of the oocytes had developed to metaphase II
in grades III and IV. The rates of oocytes had
developed to metaphase 11 in groups I and II were
significantly (P<0.05) higher than those in groups
IIT and IV.
The present study has confirmed that a period of
24 h for IVM of goat oocytes is sufficient for

nuclear maturation. This time is similar to that used

Table 2. Effect of oocyte quality on nuclear maturation
of oocytes matured in vitro for 24 h

Oocytes Number (%) of nuclear status*

Oocytes used ov v I

Grade 1 20 - - 20 (100§
Grade I 20 3 (15) - 17 ( 85)°
Grade I 20 4 (20) 8 (40) 8 ( 40)°
Grade IV 20 10 (50) 4 (20) 6 ( 30)°

* GV, germinal vesicle; MI, metaphase I; Mil, meta-
phase II.

** The value with different superscripts within the same
column were significantly different (P<0.05).

in goats by Yonis et al (1991), but was slightly
longer than that used by Martino et al (1994) and
Rho et al (2001). The reason remains unclear, but
might be different breeders that were used. In this
study, ~93% oocytes in grade I and II developed to
metaphase II. However, 35% of oocytes in grade
III and IV reached to metaphase II. This may have
been due to slicing method which probably leads to
the collection of immatured and non-competent
oocytes from small diameter follicles. De Smedt et
al (1994) reported that ~24% of the oocytes
collected from 1 to 2 mm follicles developed to
metaphase II, indicating that oocytes from follicles
larger than 2 mm in diameter are needed for the

ability to achieve nucleus maturation.

3. Effects of IVF Media and Oocytes Grade on the
Cleavage Rates of Oocytes
Table 3 shows the cleavage rates of oocytes
fertilized in different IVF media. At 24 h of ma-
turation, the oocytes removed partially theircu-
mulus cells were fertilized with sperm that treated
with swim-up procedure. In groups I and II oo-
cytes, the rates of cleavage were significantly (P<
0.05) higher in BO medium than that in Talp

medium (85% vs. 59%, respectively). However, the
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Table 3. Effects of IVF media and oocytes grade on
the cleavage rates of oocytes fertilized in
vitro

IVF Oocytes No. of oocytes

medium  grade* 1 oninate Cleaved (%)
BO [~ 138 117 (84.8)°
m ~ 1v 322 110 (34.2)
TALP  1~1T 34 20 (58.8)"
m~1v 120 27 (22.5)°

* Grade I, > 4 layers of cumulus cells and uniform
cytoplasm;
cells; Grade III, less than 2 layer or partialy naked

Grade II, with 2-3 layers of cumulus

cumulus cells; Grade IV, without any cumulus cells.

¢ The value with different superscripts within the same

column were significantly different (P<0.05).

rates of oocytes in groups Il and IV did not differ
between BO and Talp medium. In both BO and
Talp medium, the cleavage rates were significantly
(P<0.05) different between grades I~II and III~IV.

There have been many reports on comparisons
of cleavage and development into blastocysts bet-
ween different I[IVF media using BO, Talp and
SOF. In the present study, sperm preparation for
IVF was swim-up which is mostly used on based
of the selection of motile spermatozoa. The present
study has shown that the proportions of cleavages
of grade I and II oocytes fertilized in BO medium
were significantly (P<0.05) higher than that in Talp

medium (85% vs. 59%, respectively). This finding
is consistent with the reports that, in BO medium,
the rates of cleavage were 58% (De Smedt et al.,
1992; Yadav et al., 1998) and 22% in Talp (Mogas
et al., 1997). However, advanced cleavage rates
were obtained in the resent study compared to
previous reports (De Smedt et al., 1992; Mogas et
al, 1997; Yadav et al, 1998).

4. Effects of Culture Medium and Antioxidant Supple-

ment on Embryos Development

The cleaved embryos were compared the de-
velopment into morula and blastoctst among di-
fferent culture conditions as presented in Table 4.
The embryo cultured in mSOF media without GSH
was developed to 15% of morula and blastocyst
stage. Addition of GSH in mSOF enhanced the de-
velopment to morula and blastocyst stage as 27%,
which did significantly (P<0.05) differ compared to
mSOF. However, no morula and blastocyst de-
veloped in TCMI199 medium co-cultured with
GOEC.

Mammalian embryos undergo species-specific in
vitro block to development. Reactive oxygen spe-
cies, derived from oxygen metabolism, was su-
ggested as a principal cause of this block because
they are apparently involved in the two-cell block
of mouse embryos. The period of in vitro develop-
ment at which this block occurs in the mouse
embryo is associated with a rise in reactive oxygen
species such as H,O, (Nasr-Esfahani et al., 1990;

Table 4. Effects of culture media and antioxidant supplement on embryo development

Culture Addition of Two cell No. (%) of embryos developed to
media GSH embryos used Morula Blastocyst Mor+Blast
TCM199 - 104 0 0 0
mSOF - 80 3 (3.8) 9 (11.3) 12 (15.0)°
mSOF + 82 6 (7.3) 16 (19.5) 22 (26.8)

ab,c

The value with different superscripts within the same column were significantly different (P<0.05).
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Nasr-Esfahani and Johnson, 1991, 1992). This su-
ggestion is in agreement with the results of impro-
ved embryo development by lowering the oxygen
concentration in vitro in mice (Quinn and Harlow,
1978; Pabon et al., 1989), sheep and cattle (Thomp-
son, 2000) and goat (Batt et al., 1991). GSH, in ge-
neral, is known to be an important cellular pro-
tecting component from oxygen stress. In bovine
embryo, GSH could improve development to mo-
rula and blastocyst from cultured oocytes by about
two-fold. Moreover, they showed that the GSH
addition was effective specifically from the 8 to 16
cell stage, which is a known developmental block
stage in bovine embryo. The present study shows
that no embryos cultured in TCM199 developed to
blastocyst, however 15% of cleaved embryos cul-
tured in mSOF developed to morula and blasto-
cysts, suggesting that the use of nutrient-rich
medium is unable to attain. the developmental com-
petence. Similar to this, it has been reported that
only 3% of embryos cultured in TCM199 develop-
ed to blastocyst (Mogas et al., 1997) and ~28%
embryos cultured in mSOF developed to blasto-
cysts (Cognie, 1999). Inadequate in vitro culture
conditions enhancing oxidative damage by increa-
sing ROS production caused to reduce the de-
velopment of embryo, resulting in developmental
blocking at 8- to 16- cell stage and in retarding the
progress to develop to late stage embryos. From
the present study, GSH supplementation into mSOF
for embryos development in vitro plays important

role on enhancing the development.

CONCLUSION

The present study clearly showed that BO me-
dium for IVF enhanced fertilization and mSOF su-
pplemented with GSH increased the developmental
rates into blastocysts. However, in vitro embryo
production in the Korean native goats still remains
further research to be solved. The further study, in

particular based on the studies of gene expression
and regulation related to retardation on the de-
velopment of embryos, will provide greatly enhan-
cement of the goat IVF fields.
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