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—Technical Note—

Effect of the Well of the Well (WOW) System on In Vitro 
Culture for Porcine Embryos after Intracytoplasmic Sperm 
Injection
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Abstract. For developmental competence of porcine embryos in vitro, it is important to improve the
culture environment.  The present study was performed to evaluate four different culture systems for
in vitro matured porcine oocytes following intracytoplasmic sperm injection (ICSI); drop, well and two
sizes of the well of the well (WOW) systems (500 and 1,000 µm in diameter).  The cleavage rate on Day
2 and the mean cell number in blastocysts on Day 6 were not significantly different among the four
treatments.  However, the 1,000 µm WOW (24.6%) resulted in a significantly higher (P<0.05)
blastocyst rate than those in the other culture systems (12.9, 14.8, and 7.1% for drop, well, and 500 µm
WOW, respectively).  The present study indicates that the microenvironment created by the 1,000 µm
diameter WOW improves blastocyst production of in vitro matured porcine oocytes after ICSI, and
that the effectiveness of the WOW system is dependent on the size (diameter) of the WOW.
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n vitro production (IVP) for porcine oocytes has
advanced remarkably during the past decades.

T he  i n  v i t r o  c u l t u r e  ( I V C )  s ys t em  f o r
preimplantation embryos is an important step for
IVP.  Recently, it has been noted that the in vitro
production techniques for pigs can be applied to
other  reproduct ive  technolog ies ,  such  as
production of alternative organs and specific
proteins for humans through the modification of
genes [1].  However, the proportions of blastocyst
development and pregnancy rates of in vitro-
produced embryos after transfer are usually lower
than that of in vivo produced counterparts [1].

In general, embryonic development in vitro is
affected by a number of factors, such as co-culture
w i t h  s o m a t i c  c e l l s  [ 2 ] ,  s u p p l e m e n t  w i t h
antioxidants [3] and growth factors [4], and oxygen

tension [5].  Moreover, another important factor is
embryo density during culture [6,7], which
influences the interaction of embryonic factors in
the microenvironment.  In vivo, embryonic factors
are secreted by the embryo itself and appropriate
c on c e nt ra t i o ns  a re  ma i n t a i n e d  i n  t h e
microenvironment surrounding the embryo.  The
embryonic factors enhance the development of
embryos through the autocrine-paracrine action.
For improving the developmental competence of
embryos in vitro, it is important to provide a culture
environment similar to the in vivo conditions.

Vajta et al. [8] developed the well of the well
(WOW) system as a new culture system.  The
WOW created at the bottom of a four-well dish
p r o v i d e s  a  m o r e  c o n s t a n t  a n d  s u i t a b l e
microenvironment for embryos.   The open
condition of the WOW may also provide an
appropriate method of nutrition and dilution of
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metabolized toxic products.
The purpose of the present study was to evaluate

the developmental capacity of in vitro matured
porcine oocytes in different culture systems,
including the WOW system.

Materials and Methods

In vitro maturation and the ICSI procedure
Cumulus-oocyte complexes (COCs) were

collected from follicles (diameter: 3–6 mm) of
prepubertal porcine ovaries of slaughtered gilts.
Oocytes surrounded by more than three layers of
cumulus cells and with homogeneous cytoplasm
were selected and washed in Tyrode’s solution (TL-
Hepes) containing 0.05% (w/v) polyvinyl alcohol
(PVA; Sigma H Aldrich Co., St. Lois, MO, USA).

The maturation medium was Medium 199
(Sigma) supplemented with 3.05 mM glucose
(Wako Pure Chemical Industries, Osaka, Japan),
0.91 mM sodium pyruvate (Wako), 75 mg/l
kanamycin (Sigma), 0.1 mM cysteamine (Sigma), 10
ng/ml epidermal growth factor (EGF; Sigma), and
0.1% PVA.  Fifty COCs were cultured in each well
o f  a  f o u r - w e l l  d i s h  ( 1 7 6 7 4 0 ;  N u n c ,  L i f e
Technologies AS, Roskilde, Denmark) containing
500 µl of culture medium at 39 C and 5% CO2 in air.
The hormonal supplements were 0.02 AU/ml
porcine follicle stimulating hormone (Antrin;
Kawasaki Pharmaceutical Co., Ltd, Kanagawa,
Japan) for the first 20 h and 10 IU/ml human
chorionic gonadotropin (Gonatropin; Teikoku-
zouki KK) for a further 24 h period of culture.

Frozen pelleted spermatozoa from one boar,
donated by Dr. K. Niwa, Okayama University,
Japan, was thawed in Dulbecco’s phosphate-
buffered saline solution (Gibco-BRL, Grand Island,
NY, USA) supplemented with 0.1% PVA (PBS-
PVA) and al lowed to swim-up for 30 min.
Spermatozoa were then treated with 5 mM
dithithreitol (Sigma) for 30 min [9] and centrifuged
at 600 × g for 5 min twice.  Under an inverted
microscope attached to a micromanipulator
(Nikon-Narishige), a tail-cut spermatozoon [10]
was aspirated into an injection pipette and injected
into an oocyte according to a previous method
(reviewed by Payne [11]) with slight modification.
Briefly, the capillary was inserted into the end of a
holding pipette and was broken to make an
injection pipette.  Then the injection pipette with

the tail-cut spermatozoon was pushed through the
zona pellucida and into the cytoplasm of the
oocyte.  The spermatozoon was deposited with a
minimum amount of PBS-PVA. Injected oocytes
were cultured immediately without exogenous
activation.

Preparation of the Well of the Well (WOW) system
Two different sizes of WOWs were produced

using steel rods, as described by Vajta et al. [8].
Two steel rods of 500 µm and 1,000 µm in diameter
were prepared, were heated for 3 or 5 sec, and were
slightly pressed into the bottom of a four-well dish
(176740; Nunc) with a depth of about 300-µm.
Three WOWs in each well were filled with Porcine
Zygote Medium-3 (PZM-3) [12] and flushed several
times by pipetting.  Thereafter, fresh culture
medium (PZM-3) was filled and incubated for
overnight at 39 C.

Evaluation of four culture systems for porcine IVC
For IVC, PZM-3 [12] was used.  Two different

sizes of WOWs were produced according to the
method of Vajita et al. [8].  Four culture systems
were designed (Table 1); a 30-µl drop covered with
mineral oil, an intact well (control), and WOWs of
500 µm and 1,000 µm in diameter.  Wells (well and
WOWs) were filled with 500-µl media without
mineral oil.  For each treatment, 13–15 oocytes were
prepared (4–5 oocytes/WOW; Fig. 1A and B).
Injected oocytes were washed with PZM-3 and
incubated for 6 Days (Day 0 was the day of ICSI) at
39 C in 5% O2, 5% CO2, and 90% N2.  Cleavage (2–8
cells) and development to blastocysts were
observed on Day 2 and Day 6, respectively.

The determination of cell number per blastocyst
was performed by the following procedure.
Blastocysts were kept in 1% (w/v) sodium citrate
solution for 10 min at room temperature, and then
fixed weakly in a 400-µl sodium citrate solution

Table 1. Media volume surrounding embryos and density
of each culture system employed

Culture systems Volume (µl) Density (embryo/µl)*

Drop 30 0.4 – 0.5
Well 500 0.03

ø 500 µm 0.06 66.7 – 83.3
WOW ø 1,000 µm 0.24 16.7 – 20.8

* 13–15 embryos were placed in drop and well systems, and
4–5 embryos were placed in WOW systems (12–15 embryos
per well).
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added 10-µl fixative (acetic acid: methanol = 1:1) for
about 1 min.  The blastocysts were placed on the
slides and carefully covered with the fixative.  After
staining with 4% Giemsa (Sigma) for 10 min, the
total number of cells on Day 6 was counted under a
phase-contrast microscope (× 400).

Statistical analysis
The data of each replicate for the four culture

systems were analyzed by one-way ANOVA after
arcsin transformation.  Mean rates of cleavage,
blastocyst, and cell numbers per blastocyst were
compared by Fisher’s least significant difference
test (PLSD-test).  A value of P<0.05 was considered
statistically significant.

Results

As shown in Table 2, there was no significant
difference in the cleavage rates among 30-µl drop,
well, and WOWs of 500 µm and 1,000 µm in
diameter.  However, the 1,000 µm WOW system
showed a significantly (P<0.05) higher blastocyst
rate (Fig. 1C) than the other treatments.  The mean
cell numbers per blastocyst were not significantly
different among the four treatments.

 Discussion

In the present study, four different culture
systems (drop, well, and two sizes of WOW; 500
and 1,000 µm in diameter) were examined for in
vitro culture of porcine embryos following ICSI.
The proportion of blastocyst development using
the 1,000 µm WOW (24.6%) was significantly
higher (P<0.05) than those of the other treatments
(Table 2).  This result was in agreement with the
report by Vajta et al. [8] showing that the rate of

bovine blastocysts was improved by the WOW
system.

The volume of the 1,000 µm WOW for IVC was
extremely low, approximately 0.24 µl .   The
microenvironment created by the WOW system
would allow a suitable concentration of embryonic
factors surrounding embryos to be maintained.
Also, the open condition of the WOW system may
diffuse toxic substances originating in embryo
metabolism.  The well or drop systems, in general,
have been used for porcine embryo culture in vitro.
When a small number of embryos is cultured in the
well system, it is difficult to create an optimal
microenvironment for porcine embryos because the
concentration of embryonic factors may be diluted
in the culture medium.  In the drop system, two
negative effects may reduce the developmental
competence.  First, lipid soluble materials for
embryonic development may be diffused and/or
absorbed by mineral oil covering the drops.
Second, toxic substances, such as ammonia and
oxygen-derived free radicals, may be concentrated
in high levels.

Embryo density is one of the most important
factors during culture in vitro.  A suitable embryo
density maximizes the effect of embryonic factors
through autocrine-paracrine action on embryos
during culture.  Several reports of embryo density
for cattle [13] and mice [7, 14] have suggested that a
suitable ratio of “zygote : culture volume” is “2 : 1”.
As far as embryo density, which may affect the
developmental competence, was concerned, the
high density of the 1,000 µm WOW (Table 1) for the
present porcine IVC was similar to that of bovine
IVC (33.3 oocytes/µl) [8].  However, the 500 µm
WOW was similar to the drop and well systems in
blastcyst yield, and was not as effective as the 1,000
µm WOW.  The reason for this is probably that the
embryo density (Table 1) in the 500 µm WOW was
inadequately high and diffusion of toxic substances

Table 2. Effect of different culture systems, drop, well, and WOW (ø 500 µm and ø 1,000 µm), on cleavage (Day 2) and
developmental competence (Day 6) of in vitro matured porcine oocytes after ICSI

Culture systems No. of oocytes Cleavage Blastocyst No. of blastocysts Cell number/blastocyst
injected (Mean ± SEM) (Mean ± SEM) examined Mean ± SEM

Drop 30 µl 62 28 (45.2 ± 6.8)   8 (12.9 ± 1.9)a 7 37.4 ± 4.1
Well 500 µl 52 29 (55.8 ± 6.7)   8 (14.8 ± 4.1)a 7 34.3 ± 4.2

WOW
ø 500 µm 56 27 (48.2 ± 7.8)   4 (  7.1 ± 1.9)a 4 46.8 ± 6.4

ø 1,000 µm 65 34 (52.3 ± 5.2) 16 (24.6 ± 4.1)b 16 36.0 ± 4.8

a, b Different superscripts within columns are significantly different (P<0.05; five replicates).
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in the culture medium was l ikely l imited.
Therefore, it is considered that the most important
condition for the porcine IVC system is to create a
microenvironment that maximizes and maintains
embryonic  fac tors  an d  d i f fus ion  o f  to x ic
substances.

The in vitro cell block is generally observed in
many species.  In pigs, it occurs at the four-cell
stage [15].  In the present study, the proportion of
cleaved oocytes was not significantly different
among the four treatments,  but the rate of
blastocyst production was the highest in the 1,000
µm WOW system (Table 2).  Most cleaved embryos
were at the four-cell stage on Day 2 of IVC (data not
shown).  In an optimal environment, embryonic
factors, including growth factors (GFs), may
influences the developmental competence.  The
various GF-receptors have been detected in
correlation with the species-specific embryonic

stages from post-fertilization to the blastocyst stage
[16].  In porcine oocytes, it was reported that the
differential receptor for EGF was also expressed at
the morula and blastocyst stages [17].  The positive
effects of four-cell stage-specific GFs in overcoming
t h e  i n  v i t r o  c e l l  b l o c k  m a y  e n h a n c e  t h e
developmental competence of porcine embryos.

In the present study, the rate of blastocyst in the
1,000 µm WOW was improved greatly, in spite of
using a chemically defined medium for IVM and
attempting ICSI for porcine oocytes.  The WOW
system could be a useful IVC procedure for in vitro
matured porcine oocytes following ICSI.

In conclusion, the present results demonstrated
that a WOW system was an effective culture system
to promote the developmental competence of in
vitro  matured porcine oocytes, and that the
effectiveness of the WOW system is dependent on
the size (diameter) of the WOW.

Fig. 1. After ICSI, five porcine oocytes were cultured in WOW systems of 500 (A) and 1,000 µm (B) in diameter
(medium volume: approximately 0.06 µl and 0.24 µl, respectively). A hatching blastocyst (arrow) and
expanded blastocysts (arrowheads) were observed in the WOW with a diameter of 1,000 µm (C). Scale
bar = 500 µm (A, B), 250 µm (C).
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