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ABSTRACT

In vitro development of porcine embryo is affected by culture condition. One possible factor is osmolarity of culture
medium. This study examined whether high osmolarity of culture medium at the early culture stage improves
development of preimplantation porcine in vifro fertilization (IVF) and nuclear transfer (NT) embryos. NT and IVF
embryos were divided into three groups and the basic medium was PZM-3 (250~270 mOsmol, control group). The
control group of embryos was cultured in PZM-3 for whole culture period. Other two groups of embryos were
cultured in a modified PZM-3 with 0.05 M sorbitol or 0.05 M sucrose (300~320 mOsmol, sorbitol or sucrose group)
for the first 2 days, and then cultured in PZM-3 for further culture. NT embryos cultured in sucrose group showed
a significantly higher developmental rate to the blastocyst stage with a decreased apoptosis rate compared to the
sorbitol (p<0.05). For IVE, sucrose group showed a significantly increased the blastocyst formation rate with a
decreased apoptosis rate compared to the control (p<0.05). This study represents that the high osmolarity in the early
embryo culture stage can enhance the in vitro development of porcine NT and IVF embryos to the blastocyst stage

with reduced apoptosis of cells.
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INTRODUCTION

Recent progress in the in vifro maturation (IVM), in
vitro fertilization (IVF), and in vitro development (IVD)
in pig oocytes has made it possible to produce IVF-
derived (Abeydeera ef al, 1998a) and somatic cell clo-
ned piglets (Betthauser ef al, 2000; Onishi ef al, 2000).
However, developmental rate to the blastocyst stage of
porcine nuclear transfer (NT) embryos is still low. Also
the efficiency of pig cloning through somatic cell NT
has been extremely low with less than 1~5% of trans-
ferred embryos surviving to term (Walker ef a/, 2002).

Studies have been performed to improve the deve-
lopmental competence of porcine in vitro produced em-
bryos (Abeydeera et al, 1998b, 2000; Kano ef al, 1998;
Andrew et al, 2000; Wang et al, 2000; Gandhi et al,
2001) and have demonstrated that many factors are in-
volved embryo development and viability after transfer.
These include growth factors, oxygen, energy substra-
tes, amino acids, and albumin (Petters et a/, 1990; Mer-
cola et al, 1998). Therefore, it is expected that com-
ponents in culture medium are one of the important
factors affecting embryo viability of porcine NT and

IVF embryos. The in vifro culture system is one of the
most useful strategies for understanding the mechanism
of early embryonic development and establishing the -
optimum culture condition.

Osmolarity of culture media is one of the important
factors affecting in vitro development of preimplanta-
tion mammalian embryos to the blastocyst stage. It was
reported that the presence of organic osmolytes such as
sorbitol in the maturation medium improved the micro-
filament organization at the end of in vitro maturation
and during early development following IVF of porcine
oocytes (Funahashi ef al, 1996). Recently, Im et a/. (2005)
reported that the addition of sorbitol and sucrose could
reduce fragmentation and support better development
to the blastocyst stage.

One of the serious problems for pig embryos pro-
duced in vitro is apoptosis. Programmed cell death or
apoptosis is crucially involved in development and di-
fferentiation. Environmental stresses, such as those cau-
sed by in vitro culture, induce unscheduled apoptosis
in cultured embryos, which may lead arrest or ab-
normal development and lower viability of embryos
(Hardy ef al, 1989; Jurisicova et al, 1998; Byme et al,
1999).
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Therefore, the present study was conducted to exa-
mine the effect of osmolarity of culture medium at the
early embryo culture stage on the pre-implantation de-
velopment of porcine NT and IVF embryos.

MATERIALS AND METHODS

Collection of Oocytes and IVM

Porcine ovaries were obtained from a local slaugh-
terhouse and transported to the laboratory at 30~35T.
Cumulus-oocyte complexes (COCs) were collected by
the aspiration of ovary antral follides (3~6 mm dia-
meter) with 18 gauge needle fixed to a 10 ml dis-
posable syringe. The COCs with several layers of cu-
mulus cells were selected and washed three times in
maturation medium. For maturation culture, approxi-
mately 50~100 COCs were transferred into 500 ul of
maturation medium (TCM-199, Gibco-BRL, Grand Is-
land, NY, USA) covered with mineral oil in a four-well
dish (Nunc, Roskilde, Denmark). Oocytes were matured
for 40 to 44 hr at 385C under 5% CO, in air. The
maturation medium supplemented with 0.1% PVA (w/
v), 3.05 mM D-glucose, 0.91 mM sodium pyruvate, 0.57
mM cysteine, 0.5 pg/ml lutenizing hormone, 0.5 ug/ ml
follicle stimulating hormone, 75 ug/ml penidllin G and
50 ug/ml streptomycin.

IVF

Cumulus-free oocytes were washed three times in
IVF medium. Approximately, 35~40 oocytes were trans-
ferred into 50 pl droplet of IVF medium covered with
mineral oil that had been equilibrated for 40 hr at 38.5
T in 5% CO; in air. The fertilization medium was a
modified tris-buffered medium consisting of 113 mM
NaCl, 3 mM K(Cl, 75 mM CaCl, - 2H,O, 5 mM sodium
pyruvate, 11 mM glucose, 20 mM Tris, 2 mM caffeine,
and 2 mg/ml of BSA. For IVF, fresh semen was co-
llected from different boars at AI center. Semen were
diluted and equilibrated in air-tight tubes at 16°C. After
equilibration, the 2 ml of semen were centrifuged twice
at 1,200 rpm for 5 min and resuspended in fertilization
medium. After the final wash, the concentration of
motile sperm was adjusted to 5x10° cells/ml in fertiliza-
tion medium. At 6 hr after insemination, oocytes were
washed three times and cultured in 0.5 ml of different
culture media in four-well dishes at 38.5C in 5% CO,

in air.

Preparation of Porcine Fetal Fibroblast Cells

A day 35 porcine fetus was retrieved from pregnant
gilt. After the brain, intestines, and four limbs were
removed, tissue was cut into small pieces with fine
scissors. Cells were incubated for 30 min at 39T in

PBS supplemented with 0.05% trypsin and 0.02 mM
EDTA (all chemicals, unless noted otherwise, were
from Sigma, St. Louis, MO), and the suspension was
centrifuged at 1,200 rpm for 5 min. The cell pellet was
resuspended and cultured in Dulbecco's Modified Eag-
le's medium (DMEM; Gibco-BRL) supplemented with
15% fetal bovine serum and 75 pg/ml antibiotics. The
cells were passaged two times, and then frozen by
using DMEM supplemented with 10% dimethylsul-
foxide (DMSO). To be used as donor cells in NT, cells
were thawed and cultured until they reached con-
fluence. Before NT, cells were treated with 0.05% try-
psin for single-cell isolation. Fibroblast cells were cul-
tured and passaged (2 to 8 passages) and used as do-
nor cells for NT.

Production of NT Embryos

After maturation, cumulus cells were removed from
oocytes by vortexing the COCs in PBS supplemented
with 0.1% PVA and 0.1% hyaluronidase for 4 min.
Oocytes were enucleated by the aspiration of the first
polar body and metaphase-ll (MII) plate in a small
amount of surrounding cytoplasm (about 20% of ococyte
volume) with a glass pipette. All micromanipulation
procedures were performed in TCM-199 supplemented
with 3 mg/ml BSA and 5 pg/ml cytochalasin B (CB). A
single cell with a smooth surface was transferred into
the perivitelline space of an enucleated oocyte. Recon-
structed oocytes were then placed between 0.2 mm
diameter wire electrodes (1 mm apart) of a fusion
chamber overlaid with 0.3 M mannito] solution su-
pplemented with 0.1 mM MgSO, 1.0 mM CaCl,, and
0.5 mM Hepes. For the fusion, two DC pulses (1 sec
interval) of 1.2 kV/cm were applied for 30 usec using a
BTX Electro Cell Manipulator 200 (BTX, San Diago,
CA, USA). After fusion treatment, the reconstructed oo-
cytes were cultured in culture medium for 30 min and
the fusion was determined. Embryos were washed and
transferred into each culture medium covered with
mineral oil in a four-well dish. Basic culture medium
was PZM-3 (Im ef al, 2004).

In Vitro Culture of Embryos (IVC)

Embryos were washed and transferred into each cul-
ture medium covered with mineral oil in a four-well
dish. Basic culture medium was PZM-3 (Im et al, 2004).
On Days 2 and 6 of culture, the cleavage and de-
velopment to the blastocyst stage were examined, res-
pectively. After 6 days of in witro culture, total cell
numbers, and apoptosis of cells in all blastocysts were
examined.

Apoptosis Assays
The blastocysts on Days 6 from NT and IVF were
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washed twice in PBS/PVP (PBS supplemented with 0.1
% polyvinylpyrolidone) and fixed in 4% (v/v) parafor-
maldehyde solution for 24 hr at 4C. Membranes were
permeabilized in 0.5% Triton X-100 for 30 min at rcom

B

Fig. 1. Apoptosis in porcine NT blastocysts. A: total cells (light
blue), B: apoptotic cells (red).

temperature.

A TUNEL assay was used to assess the presence of
apoptotic cells (in situ cell death detection kit, TMR
red; Roche, Mannheim), for 1 hr at 3857 in the dark.
The broken DNA ends of the embryonic cells were
labeled with TDT and fluorescein-dUTP. After the reac-
tion stopped, the embryos were washed and trans-
ferred into 10 pg/ml Hoechest 33342 for 30 min at
room temperature in the dark. The embryos were wa-
shed three times and mounted on slides with Prolong
antifade Kit (cat. P-748, Molecular Probes, Eugene, OR,
USA). The slides were stored at —20C. The numbers
of apoptotic nuclei and total numbers of nuclei were
determined from optical images of whole-mount em-
bryos (Fig. 1.) under an epifluorescent microscope (Ni-
kon, Tokyo, Japan).

Statistical Amalysis

To determine the statistical significance between treat-
ments, the rates of cleavage and blastocyst formation,
total cell number and percentage of apoptosis were
subjected to a Generalized Linear Model procedure (PR-
OC-GLM) of the Statistical Analysis System (SAS In-
stitute, Cary, NC, USA). Differences among treatment
means were determined by using the Duncan's mul-
tiple range-tests. All data were expressed as Least Squ-
are (LS) mean + SEM (Standard Error of the sample
Mean). Differences were considered significant at p<
0.05.

RESULTS

Effects of Sorbitol and Sucrose on Development of NT
Embryos

There was no difference between sorbitol and su-
crose groups in cleavage rate, but developmental rate

Table 1. Effects of sorbitol and sucrose on the development of porcine NT embryos

No. (%zSEM) of NT embryos

tr(é:tlxt:éit' oocylfti ;)\fsed/ NTl\Ie(;l;)er‘os developed to
manipulated cultured > 2cell Blastocyst
Control 89(71.2+15.1) 25(20.0+6.3)"™
Sorbitol 375/475 99(79.2+ 8.6) 22(17.6+7.1)°
Sucrose 106(84.8+ 2.8) 36(28.8+6.1)"

" Fused NT embryos were cultured in PZM-3 supplemented with 0.05 M sorbitol or sucrose for the first 2 days and then cultured in
PZM-3 without sugars for further 4 days. For the control, NT embryos were cultured in PZM-3 without sugars for whole culture

period.
" Fused oocytes were divided into three groups and cultured.
*® Values with different superscripts differ significantly (p<0.05).
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Table 2. Effects of sorbitol and sucrose on apoptosis in porcine NT blastocysts

tri;ﬂtr;uéﬁt' No. of blastocysts Total nuclei Apé)e};f;)tic % TUNEL
Control 25 40 6.27£2.9°
Sorbitol 2 27 4.67+2.8°
Sucrose 36 1,109 38 3.43+1.9°

" Fused NT embryos were cultured in PZM-3 supplemented with 0.05 M sorbitol or sucrose for the first 2 days and then cultured in
PZM-3 without sugars for further 4 days. For the control, NT embryos were cultured in PZM-3 without sugars for whole culture

period.
° Values with different superscripts differ significantly (p<0.05).

to the blastocyst stage was significantly higher (p<0.05)
in the medium with 0.05 M sucrose group than 0.05 M
sorbitol group (Table 1). Although blastocyst formation
rate was not different from the control group, the ap-
optosis rate was significantly lower (p<0.05) in the me-
dium with 0.05 M sucrose group than the control gr-
oup (3.43+1.9% vs. 6.2742.9%, respectively, Table 2).

Effects of Sorbitol and Sucrose on Development of IVF
Embryos

There was no difference between sorbitol and su-
crose groups in the cleavage and blastocyst rates, but
developmental rate to the blastocyst stage was signi-
ficantly higher (p<0.05) in the medium with 0.05 M
sucrose group than the control group (32.3+6.4% vs.
17.942.7%, respectively, Table 3). Moreover, the apop-
tosis rate was significantly lower (p<0.05) in the me-
dium with 0.05 M sucrose group than the control
group (0.63+0.3% vs. 1.79:0.4%, respectively) (Table 4).
Also, number of nuclei in the blastocysts was signi-
ficantly higher (p<0.05) in the medium with 0.05 M su-
crose group than the control group (Table 4).

DISCUSSION

The present study shows that the osmolarity of cul-

Table 3. Effects of sorbitol and sucrose on the development of
porcine IVF embryos

No. (%SEM) of
Culture No. of
. oocytes embryos developed to
treatment lrured
Clture = 2cell Blastocyst

Control 134 102(76.1£7.5)  24(17.9£2.7)°
Sorbitol 133 104(78.245.6) 33(24.842.5)™
Sucrose 133 110(82.7+4.2) 43(32.3t6.4)°

" IVF embryos were cultured in PZM-3 supplemented with 0.05
M sorbitol or sucrose for the first 2 days and then cultured in
PZM-3 without sugars for further 4 days. For the control,
embryos were cultured in PZM-3 without sugars for whole
culture period.

** Values with different superscripts differ significantly (p<0.05).

ture medium plays an important role in in vitro de-
velopment of porcine embryos. The results indicate that
the development of porcine embryos in the early cul-
ture stage is largely dependant on the osmolarity of
the medium. The optimal osmolarity of medium for
development of rabbit 2-cell embryos has been reported
as 230~339 mOsmol (Naglee ef al, 1969), and hamster
2- and 8-cell embryos show a wide range of optimal
osmolarities, 250~325 mOsmol (Mckieran et a/, 1990)
and 225~300 mOsmol (Bavister ef al, 1983), respec-

Table 4. Effects of sorbitol and sucrose on apoptosis in porcine IVF blastocysts

trfe:;ﬂn:t: r?t* No. of blastocysts Total nuclei Apoptotic cells % TUNEL
Control 24 15® 1.79+0.4°
Sorbitol 33 1,275% 20° 1.5740.9%
Sucrose 43 12 0.630.3°

" IVF embryos were cultured in PZM-3 supplemented with 0.05 M sorbitol or sucrose for the first 2 days and then cultured in PZM-3
without sugars for further 4 days. For the control, embryos were cultured in PZM-3 without sugars for whole culture period.

** Values with different superscripts in the same column differ significantly (p<0.05).



Effect of Medium Osmolarity on Porcine Embryos 95

tively. More limited ranges of osmolarity are reported
for the optimal development of mouse embryos, 250~
280 mOsmol for 1-cell (Whitten, 1971), 272~280 mO-
smol for 2-cell (Brinster, 1965; Whitten, 1971), and 244
~246 mOsmol for rat 1-cell embryos (Miyoshi et al,
1994). In this study, sorbitol and sucrose were com-
pared as a supplement. Osmolarities of PZM-3 and
PZM-3 supplemented with 0.05 M sorbitol or sucrose
were 256+2.0, 316+3.1 and 315+5.0 mOsmol, respec-
tively. When the NT embryos after fusion were cul-
tured for the first 2 days in the medium supplemented
with either 0.05 M sorbitol or sucrose, developmental
rate to blastocyst stage was significantly higher (p<0.05)
in the medium with 0.05 M sucrose than 0.05 M
sorbitol. Also, in IVF embryos, developmental rate to
blastocyst stage was significantly higher (p<0.05) in the
medium with 0.05 M sucrose than in the control. In
contrast, Im ef al (2005) reported that the in vitro
development of in vitro produced porcine NT embryos
was greatly enhanced by the addition of sorbitol. The
reason for this difference was that culture medium was
different for 30 min immediately after fusion. In this
experiment, the embryos after fusion were cultured for
30 min in the medium supplemented with either 0.05
M sorbitol or sucrose, but Im ef al. (2005) transferred
the embryos into the PZM-3 immediately after fusion
and cultured continuously. Therefore, further studies
will be needed to clarify this difference. This result
supports the result of the Nguyen ef al (2003) who
reported that the change of osmolarity of the culture
medium after the 4-cell stage increased the rate of
expanded blastocyst formation of porcine diploids. The
optimal osmolarities of culture medium for the first 2
days were 280~320 mOsmol, and those for the later
period were 250270 mOsmol. Kim et al (2005) also
reported that the change of osmolarity from the higher
condition (280~300 mOsmol) to the lower condition
(256 ~280 mOsmol) after 2 days of culture can enhance
the development of porcine parthenogenetic embryos.
Apoptosis plays an important role in embryo deve-
lopment (Levy ef al, 2001; Feugang et al, 2002; Gjorret
et al, 2002). Apoptosis occurs during the preimplan-
tation stage in both in vivo-and in vitroproduced em-
bryos, and it may contribute to embryonic loss. The
incidence of apoptosis is higher in bovine blastocysts
produced by NT than in embryos produced in wivo
(Feugang et al, 2002; Gjorret et al, 2002). Research has
suggested that a major cause for the level of cell death
can be reconciled with the high level of embryos arr-
est. The generation of healthy zygote is important for
understanding the mechanism that causes chromoso-
mal abnormalities during early cleavage stages (Hardy
et al, 2001). Apoptosis has been observed in bovine
embryos after the 8-cell stage (Neuber et al, 2002).
More than 80% of in vivo mouse blastocysts on Day 4
or 5 had one or more apoptotic cells (Liu et al, 2002).

As in the mouse, the incidence of cell death in the
human blastocyst seems to correlate with cell number
and embryo quality. The present study showed a si-
milar tendency to the report of Levy et al. (2001). They
reported that blastocysts with fewer cells had a range
of TUNEL-positive cells from 0 to 30%, whereas blasto-
cysts with more cells had less than 10% TUNEL-po-
sitive cell. In this study, the early embryos cultured in
PZM-3 treated with high osmolarity (300~-320 mO-
smol) had lower apoptosis rates (p<0.05) compared to
embryos cultured in PZM-3 of isotonic (250~-270 mO-
smol). The presence of organic osmolytes such as sor-
bitol and taurine in the maturation medium improved
the microfilament organization at the end of in vitro
maturation and during early development following
IVE of porcine oocytes (Funahashi et al, 1996). In the
present study, the quality of NT blastocysts was not
better than that of IVF blastocysts. But, the qualities of
NT and IVF blastocysts were increased when embryos
were cultured in the hypertonic condition at the early
embryonic culture stage.

In conclusion, this study represents that the culture
of embryos in a high osmolarity culture condition at
the early embryonic culture stage for the first 2 days of
culture period can improve membrane stabilization re-
sulting in reduced apoptosis.

REFERENCES

1. Abeydeera LR, Wang WH, Cantley TC (1998a): Pre-
sence of epidermal growth factor during in vitro
maturation of pig oocytes and embryo culture can
modulate blastocyst development after in vitro fer-
tilization. Mol Reprod Dev 51:395-401.

2. Abeydeera LR, Wang WH, Cantley TC, Ridke A,
Day BN (1998b): Co-culture with follicular shell pie-
ces can enhance the developmental competence of
pig oocytes after in vitro fertilization: relevance to
intracellular glutathione. Biol Reprod 58:213-218.

3. Abeydeera LR, Wang WH, Cantley TC, Rieke A,
Murphy CN, Prather RS, Day BN (2000): Develop-
ment and viability of pig oocytes matured in a pro-
tein-free medium containing epidermal growth fac-
tor. Theriogenology 54:787-797.

4. Andrew JK, Abeydeera LR, Alvarez IM, Day BN,
Buhi WC (2000): Effects of the porcine oviduct-
specific glycoprotein on fertilization, polyspermy, and
embryonic development in vitro. Biol Reprod 63:
242-250.

5. Bavister BD, Leibfried ML, Lieberman G (1983): De-
velopment of preimplantation embryos of the gold-
en hamster in a defined culture medium. Biol Re-
prod 28:235-247.

6. Betthauser J, Forsberg E, Augenstein M, Childs L,



96

N

®

0

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hwang et al.

Eilertsen K, Enos J, Forsythe T, Golueke P, Jurgella
G, Koppang R, Lesmeister T, Mallon K, Mell G,
Misica P, Pace M, Pfister-Genskow M, Sterlchenko
N, Voelker G, Watt S, Thompson S and Bishop M
(2000): Production of cloned pigs from in vitro sys-
tems. Nat Biotechnol 18:1055-1059.

Brinster RL (1965): Study on the development of
mouse embryos in vitro 1: the effect of osmolarity
and hydrogen ion concentration. J Exp Zool 158:49-
58.

Byme AT, Southgate ], Brison DR, Leese HJ (1999):
Analysis of apoptosis in the preimplantation bovine
embryo using TUNEL. J Reprod Fertil 117:97-105.
Feugang JM, Roover DE, Leonard S, Dessy F, Do-
nnay I (2002): Kinetics of apoptosis in preimplan-
tation bovine embryos produced in vifro and in
vivo. Theriogenology 57:494. -

Funahashi H, Kim NH, Stumpf TT, Cantley TC,
Day BN (1996): Presence of organic osmolytes in
maturation medium enhances cytoplasmic matura-
tion of porcine oocytes. Biol Reprod 54:1412-1419.
Gandhi AP, Lane M, Gardner DK, Krisher RL (2001):
Substrate utilization in porcine embryos cultured in
NCSU23 and G1.2/G2.2 sequential culture media.
Mol Reprod Dev 58:269-275.

Gjorret JO, Wengle ], King WA, Schellander K,
Hyttel P (2002): Occurrence of apoptosis in bovine
embryos reconstructed by nuclear transfer or de-
rived in vivo. Theriogenology 57:495.

Hardy K, Handyside AH, Winston RML (1989): The
human blastocyst: cell number, death and allocation
during late preimplantation development in vitro.
Development 107:597-604.

Hardy K, Spanos S, Becker D, Iannelli P, Winston
RM, Stark J (2001): From cell death to embryo arr-
est: mathematical models of human preimplantation
embryo development. Proc Natl Acad Sci USA 98:
1665-1660.

Im GS, Lai L, Liu Z, Hao Y, Wax D, Bonk A,
Prather RS (2004): In vitro development of preim-
plantation porcine nuclear transfer embryos cul-
tured in different media and gas atmospheres. The-
riogenology 61:1125-1135.

Im GS, Yang BS, Lai L, Liu Z, Hao Y, Prather RS
(2005): Fragmentation and development of preim-
plantation porcine embryos derived by partheno-
genetic activation and nuclear transfer. Mol Reprod
Dev 71(2):159-165.

Jurisicova A, Latham KE, Casper RF, Varmuza SL
(1998): Expression and regulation of genes asso-
ciated with cell death during murine pre-implan-
tation embryo development. Mol Reprod Dev 51:
243-253.

Kano K Miyano T, Kato S (1998): Effects of gly-
cosaminoglycans on the development of in vitro-
matured and -fertilized porcine oocytes to the blas-
tocyst stage in vitro. Biol Reprod 58:1226-1232.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Kim MK, Kwon DJ, Park CK, Yang BK (2005): Eff-
ects of culture medium and osmolarity on in wvitro
maturation of follicular oocytes and development of
parthenogenetic embryos in porcine. Reprod Dev
Biol 29:169-174.
Levy RR, Cordonier H, Czyba JC, Goerin JF (2001):
Apoptosis in preimplantation mammalian embryo
and genetics. Int J Anat Embryol 106 (suppl) 2:101-
108.
Liu L, Trimarchi JR, Keef DL (2002): Haploid but
parthenogenetic activation leads to increased inci-
dence of apoptosis in mouse embryos. Biol Reprod
66:204-210.
Mercola M, Stiles CD (1998): Growth factor super-
families and mammalian embryogenesis. Develop-
ment 102:451-460.
Mckiernan SH, Bavister BD (1990): Environmental
variables influencing in vitro development of ham-
ster 2-cell embryos to the blastocyst stage. Biol Re-
prod 43:404-413.
Miyoshi K, Funahashi H, Okuda K, Niwa K (1994):
Development of rat one-cell embryos in a chemi-
cally defined medium: effects of glucose phosphate
and osmolarity. ] Reprod Fertil 100:21-26.
Naglee DL, Maurer RA, Foote HR (1969): Effect of
osmolarity on in vitro of rabbit embryos in a che-
mically defined medium. Exp Cell Res 58:331-333.
Neuber E, Luetiens CM, Chan AWS, Schatten GP
(2002): Analysis of DNA fragmentation of in vitro
cultured bovine blastocysts using TUNEL. Therio-
genology 57:2193-2202.
Nguyen VT, Kure-bayashi S, Harayama H, Nagai T,
Miyake M (2003). Stage specific effects of the os-
molarity of a culture medium on the development
of parthenogenetic diploids in the pig. Theriogeno-
logy 59:719-734.
Onishi A, Iwamoto M, Akita T, Mikawa S, Takeda
K, Awata T, Hanada H, Perry ACF (2000): Pig clo-
ning by microinjection of fetal fibroblast nuclei. Sci-
ence 289:1188-1190.
Petters RM, Johnson BH, Reed ML, Archibong AE
(1990): Glucose, glutamine and inorganic phosphate
in early development of the pig embryo in vitro. ]
Reprod Fertil §9:269-275.
Wang WH, Abeydeera LR, Prather RS, Day BN
(2000): Actin filament distribution in blocked and
developing pig embryos. Zygote 8:353-358.
Walker SC, Shin TY, Zaunbrecher GM, Romano JE,
Johnson GA, Bazer FW, Piedrahita JA (2002): A
highly efficient method for porcine cloning by nu-
clear transfer using in vitro-matured oocytes. Clon-
ing Stem Cells 4:105-112.
Whitten WK (1971): Nutrient requirements for the
culture of preimplantation embryos in vitro. In: Ras-
pa G (ed) Advances in the Bioscience. Oxford: Per-
gamon Press 6:129-141. .

(Received: 8 May 2007 / Accepted: 1 June 2007)



