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Abstract:  In the present study, we investigated the
effects of a specific Rho kinase (ROCK) inhibitor, Y-
27632, on germinal vesicle breakdown (GVBD),
changes o f  cy toske le ta l  organ izat ion ,  and the
resumption of porcine oocyte maturation after its
removal.  In Experiment 1, cumulus-oocyte complexes
(COCs) cultured in medium containing Y-27632 for 24 h
showed GVBD of 98, 88, 84, and 4% (P<0.01) of the
oocytes treated with 0, 1, 10, and 100 M of the drug,
respectively.  In addition, Y-27632 treatment from 24 to
44 h of incubation significantly inhibited maturation of
the oocytes.  The metaphase II (MII) rates were 84, 78,
65, and 10% (P<0.01) for the corresponding groups, and
0, 2, 8, and 45% of the oocytes failed to show emission
of the f i rst  polar body (PB1).   In Experiment 2,
resumption of meiotic maturation was examined after
removal of Y-27632.  COCs incubated with Y-27632 for
18 h and then cultured in Y-27632-free medium for an
additional 44 h showed a significantly lower MII rate (86
vs. 33%, P<0.01).  After the addition of Y-27632, cortical
microfilaments of the oocytes decreased in density to
approximately 40% of that of the controls.  The present
results suggest that Y-27632 inhibits GVBD and
emission of PB1 in porcine oocytes and that ROCK
inhibition for 18 h after the start of maturation incubation
may be detrimental to and exert an irreversible effect on
the progression of meiosis.
Key words:  Pig Oocyte, Cytoskeleton, Maturation, Rho
kinase inhibitor, GVBD

Introduction

Follicular oocytes are able to complete nuclear
maturation spontaneously in vitro, when liberated from
their follicular environment and incubated in suitable
culture media.  Spontaneous oocyte maturation is
characterized by germinal vesicle breakdown (GVBD)
and chromosome condensation.  After completion of the
first meiosis, the oocytes reach the second metaphase
(MII), which is characterized by emission of the first
polar body (PB1) [1–5].  However, detailed mechanisms
of meiotic maturation remain unclear.

Recent studies have suggested that RhoA, a member
of small GTPase Rho family, may play a role in mouse
oocyte maturat ion inc luding GVBD, polar  body
extrusion, spindle rotation and cleavage [6, 7].  It has
also been reported that RhoA regulates the organization
of the microfilaments [8, 9], and it has an essential role
in the accumulation of cortical actin and contractility of
the cleavage furrow [10].  However, a role of RhoA/
ROCK in the meiotic maturation of porcine oocytes has
not been reported.

In the present study, we investigated the effects of a
specific Rho kinase (ROCK) inhibitor, Y-27632, on
GVBD, changes of cytoskeletal structures, and the
resumption of porcine oocyte maturation after its
removal.

Materials and Methods

Collection of Oocytes
Cumulus-oocyte complexes (COCs) were aspirated

from antral follicles (3–6 mm in diameter) of ovaries
collected from slaughtered prepubertal gilts.  Only
oocytes enclosed by compact cumulus cells with more
than three layers were selected for the experiments.  A
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total of 599 COCs were used in this study.  After being
washed with Dulbecco’s phosphate-buffered saline
(DPBS) containing 0.1% polyvinyl alcohol (Sigma
Chemical Co., MO, USA), groups of 10–15 COCs were
transferred to 100-l microdroplets of NCSU-23 medium
[11] supplemented with 10% (v/v) porcine follicular fluid,
10 i.u./ml eCG (ASKA Pharmaceutical Co. Ltd., Tokyo,
Japan) and 10 i.u./ml hCG (ASKA Pharmaceutical).
COCs were cultured for the times described below in an
atmosphere of 5% CO2 at 39°C, as reported previously
[12].

ROCK inhibition by Y-27632
Porcine oocytes are in the GV stage from 17.6 to 23.4

h of maturation incubation, and GVBD occurs between
17.6–26.4 h [13,14].  In Experiment 1, COCs were
cultured in NCSU-23 medium containing 0, 1, 10 or 100
M of Y-27632 (Sigma, Y0503) either for 0–24 h or for
24–44 h to assess the effects of the inhibitor on the
progression of meiosis.  In Experiment 2, COCs were
treated with or without 100 µM of Y-27632 for 18 h, and
then carefully washed to remove the inhibitor and
cultured in inhibitor-free medium for an additional 10 h
or 44 h to assess the resumption of meiosis and
cytoskeletal organization in the oocytes after the Y-
27632 treatment.

Fluorescence observations
After incubation, cumulus cells were removed from

mature oocytes by vigorously vortexing in a 1.5-ml
m ic ro tube  fo r  1–2  m in  i n  a  so l u t i on  o f  0 .1%
hyaluronidase (Sigma) in calcium-free DPBS.  After
removing the cumulus ce l ls ,  the oocytes were
processed for fluorescence observation as follows.  The
nuc lea r  con f i gu ra t i on  and  t he  d i s t r i bu t i on  o f
microtubules and microfilaments were observed as
reported previously [12].  Briefly, denuded oocytes were
fixed in a microtubule stabilization fixative at 37°C for 1
h, washed extensively and blocked overnight at 5°C in
the washing medium (calcium-free DPBS containing 2%
BSA, 2% goat serum, 0.2% milk powder, 0.2% sodium
azide and 0.1% Triton-X).  The fixed samples were then
exposed overnight to anti- tubulin primary antibodies
(1:200; Sigma) at 5°C, and incubated with fluorescein
isothiocyanate (FITC)-conjugated secondary antibody
(1:200; Sigma) at 37°C for 2 h.  After rinsing, the
oocytes were stained with rhodamine-phalloidin
(1:1000; Molecular Probes, Eugene, OR, USA) to
visualize microfilaments for 1 h, and then stained for

DNA with Hoechst 33342 (10 g/ml, Sigma) in mounting
medium composed of DPBS and glycerol (1:1).

The samples were viewed on a laser scanning
confocal microscope (FLUOVIEW FV1000D, Olympus,
Tokyo,  Japan)  or  a  convent ional  f luorescence
microscope (BX-FLA, Olympus) [12].  Image analysis
was performed using ImageJ 1.45 (Wayne Rasband,
NIH, USA) to calculate the average pixel intensities of
the cortical microfilaments.

Statistical analysis
Data were subjected to one-way analysis of variance,

after arc-sin transformation if needed, and differences
between the means were determined using Tukey’s
multiple range test.  Fluorescence intensity differences
between the control and Y-27632 groups were analyzed
with Student’s t-test.  The data are presented as the
mean ± SEM.

Results

Effect of ROCK inhibition on oocyte maturation
The percentage of oocytes treated with Y-27632 for

24 h exhibiting GVBD are summarized in Table 1.
Almost all (98%) of GV-stage oocytes without the
inhibitor showed spontaneous maturation manifested by
GVBD.   The  oocy tes  ex posed  to  t he  l ower
concentrations of Y-27632 for 24 h after initiation of
culture showed similar GVBD rates, 88 and 84% for the
1 and 10 M groups, respectively, whereas the highest
concentrat ion of Y-27632 (100 M) signif icantly
inhibited GVBD to 4% of the oocytes.  When GVBD
oocytes were treated with Y-27632 from 24 to 44 h of
maturation incubation, emission of PB1 was inhibited in
a dose-dependent manner (Table 2).  The nuclear
configuration of the oocytes possessing no PB1 was
sustained at the telophase.

Table 1. Effect of Y-27632 on GVBD in porcine
oocytes during 24 h of maturation

Groups No. of oocytes % of GVBD
examined oocytes

    0 µM 40 98  2A

    1 µM 41 88  6A

  10 µM 42 84  9A

100 µM 44   4  8B

A, BValues with different superscripts in the same col-
umn differ significantly (P<0.01).
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Effect of time of ROCK inhibition on GVBD and oocyte
maturation

When GV-stage oocytes were incubated in control
culture medium for 18 h and 28 h, 32 and 100% of them,
respectively, showed GVBD (Table 3).  However,
treatment with 100 M of Y-27632 for 18 h inhibited
GVBD by 97%.  When GVBD-inhibited oocytes treated
with Y-27632 for 18 h after initiation of culture were
incubated in NCSU-23 medium without Y-27632 for an
add i t iona l  10  and  44  h ,  38  and  89% o f  them,
respectively, showed GVBD.  However, only 33% of the
oocytes (P<0.01), which resumed meiotic maturation,
reached the MII stage in the group incubated for an
additional 44 h.  Cortical microfilaments of the oocytes
t rea ted  w i th  Y-27632 decreased in  dens i ty  to
approximately 40% of that of the control MII oocytes (19
 2 vs. 47  5, P<0.01), even at 44 h after removal of the
inhibitor.

Effect of ROCK inhibition on cytoskeletal organization
Porcine spindle orientation was usually perpendicular

to the ooplasm membrane in the control MII oocytes
(Fig. 1a).  However, 47% of the Y-27632-treated
oocytes, of which spindle orientation was determinable
with certainty (n=17), showed an altered direction of the
metaphase plate (Fig. 1b).  These observations suggest

that microfilament architecture may be affected by the
ROCK inhibitor.  However, there seemed to be no effect
of Y-27632 on the microtubule dynamics, because the
chromosomes were evenly arranged at the equatorial
plane and the meiotic spindle was normally formed (Fig.
1).

The layer  o f  cumulus  ce l ls  expanded dur ing
maturat ion incubat ion, due to elongat ion of the
cytoplasmic projections between the cumulus cells,
which consisted of microtubules and microfilaments as
reported previously [12].  However, cumulus cells
remained compact in the Y-27632-treated COCs
irrespective of the duration of maturation incubation.

Discussion

The present study revealed that ROCK is involved in
GVBD and the emission of PB1 in porcine oocytes, as in
mouse oocytes.   I t  has been shown that  RhoA
participates in GVBD, polar body emission, spindle
rotation, and cleavage of mouse oocytes [6, 7].  The
mouse  MI I  sp ind le  ro ta tes  90   and  becomes
perpendicular to the ooplasm membrane after sperm
penetration [1]; microfilaments function as well in the
extrusion of the polar body [2–5].  Therefore, RhoA/
ROCK may  p l ay  a  ro le ,  v i a  o r gan i za t i on  o f

Table 2. Effect of Y-27632 on first polar body (PB1) extrusion during porcine
oocyte maturation* 

Groups No. of oocytes % of MII oocytes % of MII oocytes
examined with PB1 failing to emit PB1

    0 µM 48 84  5A 0
    1 µM 46 78  3A 2  2B

  10 µM 49 65  7A 8  4B

100 µM 52 10  1B 45  10A

*Oocytes were cultured in NCSU-23 medium for 24 h and then incubated with dif-
ferent concentrations of the inhibitor for 20 h.  A, BValues with different super-
scripts in the same column differ significantly (P<0.01).

Table 3. Effect of 18 h of incubation with Y-27632 (100 M) on porcine oocyte maturation

Duration of incubation No. of oocytes % of GVBD % of MII 
With Y-27632 Without Y-27632 examined oocytes oocytes

– 18 h 34 32  6B –
18 h – 39   3  3C –

– 28 h 37 100 33  3B

18 h 10 h 37 38  2B 0
– 44 h 48 88  4A 86  3A 

18 h 44 h 42 89  6A 33  2B

A, B, CValues with different superscripts in the same column differ significantly (P<0.01).
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microfilaments, in polar body emission, spindle rotation,
and cleavage, because RhoA regulates the organization
of the microfilaments [8, 9].

In contrast, ROCK inhibition suppressed GVBD in
porcine oocytes, probably not via organization of
microfilaments.  Cheon et al. [6] have suggested that
RhoA participates in GVBD by producing reactive
oxygen species (ROS) in mouse oocytes.  Further study
of this aspect may be warranted.  Cumulus expansion
was b locked by the addi t ion of  Y-27632 to  the
incubation medium in this study.  Recent research
suggests that RhoA/ROCK signaling in cumulus cells
may mediate extracellular matrix assembly in mice [15]
in addition to reorganizing the cytoskeleton.

The present results demonstrate that the inhibitory
effect of Y-27632 on GVBD was reversible in porcine
oocytes, because Y-27632-treated oocytes were able to
resume meiosis after its removal.  Addition of Y-27632
18 h or later from the start of incubation failed to block
GVBD.  This would be explained by the observation that
porcine oocytes are in the GV stage from 17.6 to 23.4 h
of maturation incubation and GVBD occurs between
17.6–26.4 h [13, 14].  It is noteworthy that ROCK

inhibition during the first 18 h of incubation may exert a
detrimental effect on the subsequent progression of
meiosis.

Cortical microfilaments of the oocytes treated with Y-
27632 decreased in density to approximately 40%
(P<0.01) of that of the control MII oocytes, even at 44 h
af ter  removal  of  the inhib i tor .   Porc ine spindle
orientation is normally perpendicular to ooplasm
membrane [12, 16–18], but 47% of the MII oocytes
(n=17) showed abnormal spindle orientation in the Y-
27632-treated oocytes.  These observations suggest
that microfilament architecture may be irreversibly
affected by Y-27632.  However, there seemed to be no
effect of Y-27632 on the microtubule dynamics,
because of the even arrangement of chromosomes and
normal spindle formation.  Our previous reports showed
that developmental competence of the oocyte is closely
associated with cytoskeletal reorganization during
oocyte maturation, which is affected by oocyte diameter
[16] ,  cumulus condi t ion [17 ] ,  and temperature
f luctuat ion [18] .   Defect ive organizat ion of  the
cytoskeleton in the oocyte may decrease its viability,
due to abnormal transport and distribution of the

Fig. 1. Confocal images of a control MII oocyte (a) and a Y-27632-treated oocyte (b),
which was incubated with 100 M of Y-27632 for 18 h and then cultured in
inhibitor-free medium for 44 h.  PB1 is out of focus in each image.
Microtubules are green, microfilaments are red, and chromatin is blue.  The
bar in (a) represents 100 µm.  A close-up insertion shows signals for chromatin
(blue) and microfilaments (red) only in each oocyte.  The control MII oocyte
(a) is characterized by a ring of submembranous microfilaments and a
perpendicular spindle (at the eleven o’clock position).  Note the close-up
insertion of (a) indicating a normal arrangement of MII chromosomes.  A Y-
27632-treated oocyte (b)  shows decreased density of  the cortical
microfilaments and a spindle oriented parallel to the apical surface (at the eight
o’clock position).  A close-up insertion of (b) demonstrates the altered
direction of the metaphase plate (rotated approximately 90 compared to (a)).
A cumulus cell is seen on the extreme right of (b).  Means of fluorescence
intensities of cortical microfilaments are 81 and 21 in (a) and (b), respectively.
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organelles, such as mitochondria [17].
In conclusion, Y-27632 inhibits GVBD and emission of

PB1 in porcine oocytes and ROCK inhibition in the 18 h
from the star t  of  maturat ion incubat ion may be
detrimental and exert an irreversible effect on the
progression of meiosis.  Moreover, GVBD may be
involved in direct signaling through the Rho-ROCK
pathway, which may be different from the pathway
including organization of microfilaments in polar body
emission.
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