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Abstract
         The objective of this study was to examine the effect of the cumulus-oocyte complexes (COCs) quality
on the ability of porcine oocytes to mature in vitro. Porcine COCs were collected from 2-6 mm follicles of
slaughterhouse ovaries. The oocytes used for IVM were classified into three categories based on the com-
pactness and transparency of the cumulus investment and homogeneity and transparency of the ooplasm.
The oocytes were then matured in vitro for 44 h. At 22 of maturation culture, most of the oocytes in all
groups were identified still at germinal vesicle (GV) stage and metaphase I (M-I) stage. After 44 h of culture,
a greater proportion of Category I and II oocytes completed in vitro maturation through the second meiotic
as compared with that of Category III oocytes (P<0.05). The proportion of oocytes remaining at M-I stage
and the degenerative oocytes in Category III oocytes were significantly higher than those of oocytes in other
groups (P<0.05).  These data indicate that porcine oocytes with high quality cytoplasm and a cumulus cell
complement have a much greater chance of maturing in vitro than that lower quality oocytes. The morpho-
logical grading of immature oocytes is an appropriate selection criterion for their developmental ability.
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Introduction
The concept of in vitro maturation

(IVM) of oocytes in domestic animals is of
particular importance, because new tech-
nologies for producing transgenic and
cloned animals give us the potential for very
rapid genetic manipulation and dissemina-
tion. Especially the production of transgenic
and cloned pigs has been intensively stud-
ied, because pigs are physiologically very

close to humans and so there has been pro-
found interest in using transgenic and
cloned pigs as organ donors for
xenotransplantation (Prather, 2000; Prather
et al., 2003).

Since the number of in vivo matured
oocytes that can be obtained surgically from
sows or gilts are so limited that there is an
urgent requirement for the establishment of
reliable IVM and in vitro fertilization meth-
ods for porcine oocytes collected from large
number of ovaries obtained at a slaughter-
house. Despite the establishment of several
systems to generate porcine embryos in vitro
has been reported (Nagai et al., 1990;
Abeydeera et al., 1998; Kikuchi et al., 2002),
the efficiency is still poor and the quality of
the embryos inferior compared with their
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in vivo counterparts. Various factors, such
as culture media, oxygen concentration,
embryo density, and kind of energy sub-
strate during in vitro production of embryos
(IVP) may affect the rate of preimplanta-
tion embryo development (Bavister, 1995).
In some cases, the low developmental com-
petence of IVM oocytes is related to their
quality at the beginning of maturation. The
mammalian ovary contains a huge number
of a small follicle of various sizes, and each
follicle encloses a small oocyte with a high
degree of variation in follicle-oocyte qual-
ity. During routine harvest from whole ova-
ries, we are selecting heterogeneous popu-
lations of oocytes and a significant number
of these oocytes may be at least partially
atretic and are incapable of maturation in
vitro. Thus selecting oocytes that are most
likely to develop is crucial.

For routine IVM, follicular oocytes are
commonly selected on the basis of the as-
sessment of morphological features such as
cumulus thickness and compactness and
the homogeneity of the ooplasm. The mor-
phological quality of cumulus-oocyte com-
plexes (COCs) before culture have been re-
ported affects the maturation of oocytes in
bovine (Shioya et al., 1888; Khurana and
Niemann, 2000), domestic cat (Wood and
Wildt, 1997), or ewe and lamb (Kelly et al.,
2007) in vitro, therefore for the successful
in vitro maturation of porcine oocytes, it
would be important to observe COCs be-
fore culture and collect morphologically in-
tact COCs. This study was conducted to
evaluate the effect of the cumulus-oocyte
complexes quality on the ability of porcine
oocytes to mature in vitro. The oocytes used
for IVM were classified into three catego-
ries based on compactness and transparency
of the cumulus investment and homogene-
ity and transparency of the ooplasm.

Materials and Methods
In vitro maturation (IVM)

Porcine ovaries were obtained from a
slaughterhouse and were transported to the
laboratory in 0.9% physiological saline at
35°C. Oocytes were aspirated by an 18-
gauge needle into a disposable 10-mL sy-
ringe from follicles of 2-6 mm in diameter
and were collected in modified phosphate-
buffered saline (m-PBS) supplemented with
100 IU/mL penicillin G potassium and 0.1
mg/mL streptomycin sulfate. In vitro matu-
ration of oocytes was carried out according
to the method described by Karja et al.,
(2004) with minor modificarions. Collected
cumulus-oocyte complexes (COCs) were
graded into three morphological categories
according to the following criteria: oocytes
having a homogenous evenly granulated
cytoplasm surrounded by a compact cumu-
lus oophorous with more than five layers
were classified as Category I (Figure 1A);
oocytes with fewer than five layers of com-
pact cumulus cells investment and  having
a homogenous evenly granulated cytoplasm
were classified as Category II (Figure 1B);
and oocytes surrounded by less compact cu-
mulus cells investment and having irregu-
lar ooplasm with dark cluster were put in
Category III (Figure 1C).

Figure 1. Grades of various cumulus-oocyte com-
plexes harvested from porcine ovaries at collection.
(a) Category I: oocytes have a uniform, dark cyto-
plasm combined with a full complement of five or
more layers of tightly compacted cumulus oophorus
cells. (b) Category II: oocytes have a uniform, dark
cytoplasm with complete complements of corona ra-
diate cells, but fewer than five layers of cumulus
oophorus cells. (c) Category II: Oocytes lack
uniformaly which is expressed as mosaic transpar-
ency of the cytoplasm, oocytes have nearly a full
complements of corona radiate and some cumulus
oophorus, but are not as tightly compacted as higher
grade. (Magnification 100x).
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The oocytes in each group were cultured
for 22 h in 500 µL of maturation medium, a
modified North Carolina State University
(NCSU)-23 solution (Petters and Wells,
1993) supplemented with 10% (v:v) porcine
follicular fluid, 0.6 mM cysteine, 1 mM
dibutyryl cyclic AMP (dbcAMP; Sigma), 50
µM â-mercaptoethanol (Wako Pure Chemi-
cal Industries, Ltd., Osaka, Japan), 10 IU/
mL pregnant mare serum gonadotropin, 10
IU/mL human chorionic gonadotropin, and
50 mg/mL gentamicin (Sigma). They were
subsequently cultured in the NCSU-23 so-
lution without dbcAMP and hormones for
22 h. All culture was performed at 38.5 °C
and 5% CO2 under 5% O2.

Assessment of Meiotic Status of Oocytes
To determine the rate of oocyte matu-

ration, at 22 h and 44 h of maturation cul-
ture, oocytes were denuded manually with
a small-bore pipette in PBS supplemented
with 1 mg/mL hyaluronidase. Denuded
oocytes were then fixed with acetic acid:
ethanol (1:3 v:v) for 48 to 72 h. The fixed
oocytes were stained with acetic-orcein (1%
orcein in 45% acetic acid) and examined
under a phase-contrast microscope. The
precise maturational stage of each oocyte
was determined, based on the changes in
its chromosome configuration and nuclear
membrane. Chromosomal configurations
(Figure 2) were categories as described by
Johnston and Wildt (1989) and
Mandelbaum (2000)

The germinal vesicle (GV) stage con-
sisted of a round-shaped nucleus contain-
ing a prominent nucleolus and fine filament
of chromatin. Metaphase I (M-I) was iden-
tified by the appearance of paired chromo-
somes. Anaphase/Telophase (A/T) was
characterized by chromosomal separation
and movement to separate poles or by the
appearance of two equally spread groups
of chromosomes. Metaphase II (M-II) was
identified by the appearance of two groups
of chromosomes, one spread and the other
clustered and comprising the developing
polar body-1. Oocytes that had no identifi-
able chromosomal configuration or frag-
mented or distinctly irregular in shape were
classified as degenerate

Statistical analysis
Data are expressed as means ± SEM. The

percentages of oocytes reaching each stage
of meiosis were subjected to arcsine trans-
formation before analysis variance
(ANOVA). The transformed data were
tested by ANOVA followed by post hoc test-
ing with Fisher’s protected least significant
difference test (PLSD test) using Statview
program (Abacus concepts, Inc., Berkeley,
CA, USA). Differences with a probability
value (P) of 0.05 or less were considered sig-
nificant.

Results
The three morphologically different

groups of COCs were subjected to IVM in
this study. The results are presented in table
1 and 2.

At 22 of maturation culture, most of the
oocytes in all groups were identified at ger-
minal vesicle (GV) stage and metaphase I

Karja                                                                                                                                                                          I.J. Biotech.

Figure 2. Chromatin configurations in porcine oo-
cytes. GV: Germinal vesicle with a round-shaped
nucleus; M-I: metaphase I with M-plate; A/T:
Anaphase/Thelophase; M-II:  metaphase II with polar
body (PB-1). (Magnification 400x).
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stage. These data indicate that these oocytes
are still in progressing to resume meiosis at
and was incomplete until these oocytes were
cultured an additional 22 h. Further analy-
sis demonstrated that between 22 h and 44
h, the proportion of oocytes in GV and M-I
stages progressively decline and were re-
placed by an increase in M-II chromatin.
After 44 h of culture, a greater proportion
of Category I and II oocytes completed in
vitro maturation through the second mei-
otic metaphase (M-II) as compared with that
of Category III oocytes (P<0.05). The pro-
portion of oocytes in M-II between Category
I and Category II oocytes, however was not
different (P> 0.05). The proportion of oo-
cytes remaining at M-I stage and degenera-
tive oocytes in Category III oocytes were sig-
nificantly higher than those of oocytes in
other groups (P<0.05).

Discussion
Oocyte maturation remains an enig-

matic process that is generally understood
to span the time from when messages ini-
tiate germinal vesicle breakdown (GVBD)
to completion of the nuclear changes result-
ing in expulsion of the first polar body. The
process of maturation encompasses a com-
plex series of molecular and structural
events, culminating in the arrest of the oo-
cyte chromosomes on the metaphase II plate
in anticipation of sperm penetration and
activation for fertilization. This maturation
involves nuclear and cytoplasmic matura-
tion. Nuclear maturation refers to the re-
sumption of meiosis and progression to the
metaphase II (M-II) stage, whereas cytoplas-
mic maturation encompasses other, poorly

understood, a series of cytoplasmic events
(morphological, functional, and biochemi-
cal) necessary for fertilization and early
embryonic development. These processes
are believed to progress in parallel to one
another, and synchronization of nuclear
and cytoplasmic maturation is essential for
establishing optimal oocyte developmental
potential.

The results of this study demonstrated
that good quality (Category I and II) oocytes
that have compact cumulus cells investment
and  a homogenous evenly granulated cy-
toplasm support completion of nuclear
maturation better than Category III oocytes.

Moreover, at the end of maturation cul-
ture more poor quality of COCs (Category
III) were identified as degenerative oocytes
compared than other groups and more than
17% of these oocytes remaining at M-I stage,
indicating that oocytes surrounded by less
compact cumulus cells investment may be
at least partially atretic and incapable to
mature in vitro. Thereby, our findings indi-
cate that attachment of compact cumulus
cells to oocytes may have a critical role for
maturation of porcine oocytes in vitro. Simi-
lar to our finding, other worker reported the
beneficial effect of the quality of oocyte and
cellular investment surrounding on its de-
velopmental ability (Eppig, 1982; Madison
et al., 1992; Lonergan et al., 1994; Wood and
Wildt, 1997; Khurana and Niemann, 2000;
Kelly et al., 2007). These authors demon-
strated that the layers of cumulus cells sur-
rounding the oocyte are an important ele-
ment for both nuclear and cytoplasmic
maturation of the oocyte. These cells act as
a ‘go-between’ between the oocyte and the
follicular or culture environments. Intracel-
lular communication between the oocyte
and the cumulus cells takes place via gap
junctions which are facilitated by means of
microfilamentar transzonal projections of
the cumulus cells directly in contact with
the zona pellucida, i.e. corona radiata cells
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(Allworth and Albertini, 1993). These pro-
cesses transverse the zona pellucida and the
oocyte plasma membrane (oolemma),
thereby establishing a route of communica-
tion by which direct transfer of substances
important for oocyte growth and mainte-
nance of meiotic arrest can take place
(Tanghe, 2002).

According to Moor et al. (1990), the cel-
lular relationship between the oocyte and
somatic follicular cells is fundamental to
oocyte maturation. Follicular cells play a
critical role in the regulation of oocyte mei-
otic arrest and the resumption of meiosis,
in addition to providing nutrients. Studies
on the maturation of pig oocytes in vitro by
co-culture with either follicular cells or fol-
licular fluid (Niwa, 1993; Sirard et al., 1993)
indicate that follicular cells secrete factors
that play a crucial role in supporting oocyte
cytoplasmic maturation. The cumulus cells
may produce glycosaminoglycans, steroid
hormones and other factor that support
cytoplasmic maturation, which is respon-
sible for the capacity to undergo male pro-
nucleus formation, monospermic fertiliza-
tion, and early embryonic development
(Danforth, 1955; Yamauchi and Nagai,
1999; Dode and Graves, 2002). A major
advantage of the persistent interaction be-
tween cumulus cells and oocyte is the ac-
quisition of the factors in the ooplasm re-
quired to decondense penetrated sperma-
tozoa and form male pronuclei. Inability to
perform this function has often been the
major abnormality of oocytes matured in
vitro (Mattioli et al., 1988; Larsen and Wert,
1988). Therefore, it is accepted that cumu-
lus cells support the maturation of oocytes
to the metaphase II stage and greatly en-
hance cytoplasmic maturation, which is re-
sponsible for the capacity to undergo nor-
mal fertilization and subsequent embryonic
development. In addition, cumulus cells not
only support oocyte maturation associated
with developmental competence, but also

act as a scavengers, removing materials from
the culture medium (Khurana and
Niemann, 2000).

 The cumulus cells play a critical role in
protective the oocytes against oxidative
stress by enhancing the gluthatione content
in the oocytes so assist that the oocytes to
ovoid undergoing DNA fragmentation
(Tatemono et al., 2000; Wongsrikeao et al.,
2005). Although, nuclear maturation is eas-
ily supported by the in vitro system; never-
theless, the cytoplasmic component of oo-
cyte maturation that essential for an opti-
mal fertilizability and an adequate ability
to support early development is not com-
pletely satisfactory. Therefore, further mor-
phological analysis or by monitoring the
developmental ability of the IVM oocytes in
an in vitro fertilization and embryo culture
system are required.

In conclusion, oocytes with high qual-
ity cytoplasm and a cumulus cell comple-
ment have a much greater chance of ma-
turing in vitro that do lower quality oocytes.
Morphological grading of immature oocytes
is an appropriate selection criterion for their
developmental ability. By using highly se-
lected population of good quality, it is pos-
sible to increase efficiency of IVP in pig.
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