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Parthenogenetic development of rabbit oocytes
after electrical stimulation
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Department of Biotechnology of Animal Reproduction, National Research Institute
of Animal Production, Balice/Krakéw, Poland

ABSTRACT: The aim of this study was to determine the effect of electric pulses on the structural and functional
condition of rabbit oocytes. The New Zealand White female rabbits at 3—5 months of age and at 3—4 kg body
weight served as oocyte donors. Oocytes after flushing from the oviducts were placed between two electrodes in
an electroporation chamber which was filled with a dielectric solution. Following a short incubation in B2 medium,
oocytes were subjected to an electric pulse released by an electrical pulse generator. Oocytes were then incubated
in 500 ul of B2 medium supplemented with 20% foetal calf serum (FCS) at 38°C in an atmosphere of 5% CO, in
air. Oocytes were cultured until the morula/blastocyst stage (approx. 72 h). The experiment was conducted using
430 oocytes obtained post mortem. In vitro cultured oocytes not subjected to an electric pulse were the control.
Each group was subdivided into replications according to electric current intensity. The analysis of experimental
variants shows that in the first variant all embryos developed to the morula stage but only 10% of them continued
to develop to the blastocyst stage. In the second variant we observed that 5-10% of oocytes developed to the
blastocyst stage after treatment with 2.0 and 2.5 kV/cm pulse but in the group of 1.0 kV/cm pulse 35% of oocytes
developed only to the 2—12 b stage. In the third variant only 1 oocyte (5%) continued to develop to the blastocyst
stage, but in the fourth variant oocyte development stopped at the morula stage. In the fifth variant, called an
“extreme” one, oocytes stopped to develop at the stage of 2—12 b (about 25%) and the percentage of degenerated
oocytes dramatically increased (about 60%).
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In the cloning procedure using cell nuclear trans-
plantation, cell donors of exogenous nuclei are in
vitro or in vivo mature oocytes arrested at the met-
aphase of the second meiotic division.

In the first stage of cloning, metaphase chromo-
somes are removed microsurgically (enucleated)
and an exogenous embryonic or somatic nucleus is
inserted in their place into enucleated oocytes (cyto-
plast). The most common procedure for reconstruct-
ing enucleated oocytes is a fusion with the whole
embryo or somatic cell. The fusion can be induced
by a variety of physicochemical methods. Then the
fusion of these two structures has to be initiated.

There are two methods of fusion in an electric
field. In the direct method, the cell fusion takes

place directly in an electric field. In the indirect
method, the fusion in an electric field is performed
between oocytes and cytoplasts containing a for-
eign cell nucleus that has been introduced using
other fusiogenic factors, e.g. polyethylene glycol
or inactivated Sendai virus. However, this method
is not very common. Ozil (1990), who performed
close observations on the activation of rabbit
oocytes, formation of pronuclei and further devel-
opment of the obtained parthenogenetic embryos,
reported different degrees of activation and only
the oocytes that were properly activated stood a
chance of further development.

A very important aspect of somatic cloning is
artificial activation of reconstructed oocytes. For
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each animal species, activation protocols have been
developed which specify an activator as well as the
appropriate moment when the activator should be
applied.

After the introduction of an exogenous cell nu-
cleus into the enucleated oocyte, the reconstruct-
ed oocytes are subjected to artificial activation
to unblock the arrested cell cycle of the oocyte
at metaphase II. In the activation we can use dif-
ferent physical and chemical factors. Among the
most frequent physical methods are direct current
pulses with defined parameters, while chemical
methods include ethanol, ionomycin, and calcium
ionophore A23187 (Cibelli et al., 1998; Wells et al.,
1999; Dinnyes et al., 2001).

Rabbit oocytes can be activated over a broad
range of electric field intensity. However, pronuclei
are formed and further development to the blasto-
cyst stage occurred only in 35% of cases (Onodera
and Tsunoda, 1989).

The effect of electric pulses on the oocyte struc-
ture, such as fusion between somatic cell and enu-
cleated oocyte or activation, can cause an apoptotic
process, and then the cloned embryos can lose the
ability to achieve full development. The possibility
of such abnormalities appearing in oocytes sub-
jected to an electric pulse prompted studies aimed
at explaining whether low cloning efficiency may
spread from developmental anomalies of oocytes
subjected to an electric pulse.

MATERIAL AND METHODS

Preparation of oocyte-donor does

Oocyte donors were New Zealand White (NZW)
does aged 3-5 months and weighing 3—4 kg. To
induce superovulation, females were treated hor-
monally by intramuscular administration of 100 i.u.
of PMSG (pregnant mare serum gonadotropin)
(Serogonadotropina, Biowet, Poland). After 72 h,
females were injected intravenously with 100 i.u. of
hCG (human chorionic gonadotropin) (Biogonadyl
Biomed, Poland).

Collection of oocytes
Twenty-four hours after hCG administration,

females were sacrificed and oocytes were flushed
from the prepared oviducts of donors using buff-

ered PBS solution (37-38°C) supplemented with
bovine serum albumin (Sigma, USA) at a rate of
0.4 g/100 ml. Oocytes were selected using a stere-
oscopic microscope based on the presence of the
first polar body.

Exposure of rabbit oocytes to electric field

Oocytes were placed between two electrodes in
an electroporation chamber filled with an isotonic
dielectric solution (0.3M mannitol supplemented
with 0.01lmM MgSO,, 0.1mM CacCl,) and fatty
acid-free bovine serum albumin (FAF/BSA). After
a short incubation period in the electroactivation
medium, oocytes were subjected to an electric pulse
released by an electrical pulse generator (BTX, San
Diego, CA).

Physical parameters of electroporation

In the experiment, five variants differing in the
number and duration of pulses were used. Direct
current intensity was the same for all the variants.
The experimental variants were: variant I — 1 pul-
se of 30 psec (1.0 kV/cm; 1.5 kV/cm; 2.0 kV/cm;
2.5 kV/cm); variant II — 1 pulse of 60 psec; vari-
ant III — 3 pulses of 30 usec; variant IV — 3 pulses
of 60 psec; variant V (extreme) — 3 pulses of 60 psec
(3.0 kV/ecm; 3.5 kV/cm; 4.0 kV/cm; 4.5 kV/cm).

In vitro culture of rabbit oocytes subjected
to electroporation

Oocytes subjected to the electric field were incu-
bated in 500 pl of B2 medium (INRA Laboratoire
C.C.D., France) for 24 hours. After this time,
oocytes were placed in the same medium sup-
plemented with 20% foetal bovine serum (FBS) at
38°C in an atmosphere of 5% CO, in air. Oocytes
were cultured until the morula/blastocyst stage
(72 h).

Statistical analysis

The results were analysed statistically using the
analysis of variance. The GLM procedure of the
SAS packet and Duncan’s multiple range test were
used for the calculations.
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Assessment of in vitro development of
rabbit oocytes subjected to electric field

In our experiment we used 430 oocytes. Non-
treated 30 oocytes were the control.

Analysis of the experimental variants shows
that in the first variant, parthenogenetic oocytes
developed to the morula stage after treatment
with 1.0 kV/cm, 1.5 kV/cm, 2.0 kV/cm pulse, but

only 10% of oocytes continued to develop to the
blastocyst stage after treatment with 2.5 kV/cm
pulse.

In the second variant, with a longer duration
of the electric pulse we observed that also 5-10%
of oocytes developed to the blastocyst stage af-
ter treatment with 2.0 and 2.5 kV/cm pulse. In the
group of 1.0 kV/cm pulse 35% of oocytes developed
only to the 2—12 b stage.

In the third variant in the group of 1.5 kV/cm
pulse only 1 oocyte (5%) continued to develop to

Table 1. Evaluation of in vitro development of rabbit oocytes in an electric field of varying electrostatic intensity

after 72 h of culture

Number of Stage of development Number of Number of

Field strength oocytes fragmented degenerated
2-12b (%) morula (%) blastocyst (%) oocytes (%) oocytes (%)

1 pulse, 30 psec
1.0kV/cm 20 9 (45) 3 (15) 4 (20) 4 (20)
1.5kV/cm 20 8 (40) 4(20) 2 (10) 6 (30)
2.0 kV/cm 20 9 (45) 1(5) 2 (10) 8 (40)
2.5 kV/em 20 5 (25) 5 (25) 2 (10) 4 (20) 4 (20)
Control 30 3(10) 2(6,7) 0 10 (33, 3) 15 (50)
1 pulse, 60 psec
1.0 kV/cm 20 7 (35) 0 6 (30) 7 (35)
1.5 kV/cm 20 7 (35) 4 (20) 0 0 9 (45)
2.0 kV/cm 20 6 (30) 1(5) 1(5) 4 (20) 8 (40)
2.5 kV/cm 20 10 (50) 2 (10) 2 (10) 1(5) 5 (25)
Control 30 3 (10) 2(6,7) 0 10 (33, 3) 15 (50)
3 pulse, 30 psec
1.0 kV/cm 20 11 (55) 2 (10) 0 2 (10) 5 (25)
1.5 kV/cm 20 7 (35) 2 (10) 1(5) 2 (10) 8 (40)
2.0 kV/cm 20 8 (40) 0 2 (10) 10 (50)
2.5 kV/em 20 7 (35) 1(5) 0 3 (15) 9 (45)
Control 30 3(10) 2(6,7) 0 10 (33, 3) 15 (50)
3 pulse, 60 usec
1.0 kV/em 20 2 (10) 2 (10) 0 6 (30) 10 (50)
1.5kV/cm 20 1(5) 2 (10) 0 9 (45) 8 (40)
2.0 kV/cm 20 1(5) 1(5) 0 6 (30) 12 (60)
2.5 kV/cm 20 1(5) 1(5) 0 10 (50) 8 (40)
Control 30 3(10) 2(6,7) 0 10 (33, 3) 15 (50)
3 pulse, 60 usec (extreme variant)
3.0 kV/em 20 5 (25) 0 0 2 (10) 13 (65)
3.5 kV/em 20 4 (20) 0 0 5 (25) 11 (55)
4.0 kV/cm 20 5 (25) 0 0 5 (25) 10 (50)
4.5kV/cm 20 5 (25) 0 0 3 (15) 12 (60)
Control 30 3 (10) 2(6,7) 0 10 (33, 3) 15 (50)
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the blastocyst stage, but in the fourth variant oocyte
development stopped at the morula stage.

In the extreme fifth variant, called an “extreme”
one, oocytes stopped to develop at the stage of 2 to
12 b (about 25%) and the percentage of degenerated
oocytes increased dramatically (about 60%).

The analysis of all experimental variants indicates
gradual and slight increases in the percentage of
degenerating oocytes (Table 1).

DISCUSSION

Research on the activation of oocytes using an
electric current was started in mice by Tarkowski
et al. (1970). Over the next years, these studies
benefited from advances in cloning technique.
So far most studies have involved mouse oocytes
(Tarkowski et al., 1970; Tarkowski, 1971; Collas
et al., 1989; Onodera and Tsunoda, 1989), and
also rabbit oocytes (Onodera and Tsunoda, 1989;
Ozil, 1990; Modliniski and Smorag, 1991; Escriba
and Garcia-Ximenez, 1999, 2000a, 2000b) and pig
oocytes (Prochazka et al.,, 1992; Liu and Moor, 1997;
Gruppen et al.,, 1999). The above authors tried to
identify the optimum electric field parameters for
effective development of oocytes in different spe-
cies.

Electric pulses administered at precise intervals
are known to induce oocyte activation (Collas
et al., 1989; Ozil, 1990) and may be a convenient
method for regulation of intracellular Ca**. In a
study by Collas et al. (1989) investigating a variety
of factors affecting electrical activation in mouse
oocytes, no specific field strength or pulse dura-
tion was found to be optimal for activation. The
activation rate was much more influenced by the
age of oocyte and number of pulses than by pulse
parameters. Similar observations have been made
for the rabbit. The age of the oocyte and the use
of multiple pulses greatly enhance the activation
response (Collas and Robl, 1990). Furthermore,
properly activated rabbit oocytes are capable of
developing to the blastocyst stage in vitro (Onodera
and Tsunoda, 1989; Ozil, 1990). It is well known
in other cells that an electrical shock causes a re-
versible breakdown of the plasma membrane and,
consequently, a dramatic increase in conductivity
and permeability, favouring an exchange of intra-
cellular and extracellular components by diffusion
(Zimmermann and Vienken, 1982). This temporary
destabilization leads to the formation of temporary

pores in the plasma membrane, which allows for
the exchange of ions from inside and outside the
membrane and for the flow of macromolecules. The
size of these pores depends on several factors such
as changes in the membrane potential induced by
electric pulse, pulse duration, concentration of ions
in the electroactivation medium, and the type of
cells (Machaty and Prather, 1998). Observations of
this kind were made on different species of animals
(Tarkowski et al., 1970; Prather et al., 1987; Stice
and Robl, 1988; Smith and Wilmut, 1989; Collas
and Robl, 1990).

These authors concluded that the rate of acti-
vation in oocytes was strictly correlated with the
concentration of calcium ions in the medium, and
did not necessarily depend on activation using
electric pulses. Ozil (1990) analyzed the parthe-
nogenetic development of rabbit oocytes using dif-
ferent electric field parameters. He observed that
the cyclically recurring electric stimulation of very
long duration (as long as 90 min) resulted in oscil-
lations in the concentration of calcium ions simi-
lar to those that occur during fertilization, which,
in turn, stimulate the development of embryos to
10-11 days of gestation. Almost all diploid embryos
developed to the blastocyst stage. Approximately
30% of them were capable of implantation, 50% of
which survived to day 11 of gestation.

Studies on the activation of rabbit oocytes re-
vealed that when 4 short-duration (30 psec) pulses
were applied, a considerably lower percentage of
activated oocytes (58%) was obtained compared
to 8 and 12 pulses, for which the percentage of
activated oocytes was 88 and 94%, respectively.
For longer pulse duration (60 psec), the number
of pulses applied was observed to have no effect
on the activation percentage (91% and 100%). For
shorter pulse duration (30 psec), the percentage of
correctly activated oocytes (PB1 + PB2 and divided
oocytes) increased markedly when the number of
pulses was increased (Escriba and Garcia-Ximenez,
1999).

In their studies on the activation of porcine and
bovine oocytes, Liu and Moor (1997) and Escriba
and Garcia-Ximenez (1999) observed both the
number of pulses and different intervals between
pulses to have a marked effect on the division and
developmental capacity of the activated oocytes.
The degree of division checked 24 h after activa-
tion was lower for 1 pulse or 3 successive pulses
applied at 1-sec intervals than for 3 pulses applied
at 5-min intervals. In summary, these researchers
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concluded that the use of multiple pulses at ap-
propriate intervals increased the developmental
potential of activated oocytes.

Similar studies were performed by Hyun et al.
(2003), who observed the parthenogenetic develop-
ment of porcine oocytes activated with an electric
field (1 pulse of 30 usec) of varying intensity, us-
ing 7% ethanol and combining these two activation
factors. They concluded that oocytes developed
better when the first factor, or a combination of
two factors (electric and chemical), was used than
when only the chemical factor was used.

In the present study, the in vitro parthenogenetic
development of rabbit oocytes treated by an elec-
tric field was analyzed in five variants.

The analysis of experimental variants shows that
in the first variant, after treatment with electric
pulse of different parameters 5-25% of oocytes de-
veloped to the morula stage but only 10% of oocytes
continued to develop to the blastocyst stage in the
group of 2.5 kV/cm pulse. In the second variant
with 1 impulse and 60 psec we observed that 5-20%
developed to the morula stage and also about 10%
of oocytes continued to develop to the blastocyst
stage after treatment with 2.0 and 2.5 kV/cm pulse.
In this variant in the group of 1.0 kV/cm pulse 35%
of oocytes developed only to the 2—12 b stage. In
the group of 3 impulses and 30 psec (third vari-
ant) 5-10% of oocytes developed to the next stage
but only 1 oocyte (5%) in the group of 1.5 kV/cm
pulse continued to develop to the blastocyst stage.
In the next variant (fourth variant) only 5-10% of
oocytes developed to the morula stage, and then
they did not continue their development. In the
“extreme” fifth variant, oocytes stopped to develop
at the stage of 2—12 b (about 25%) and the percent-
age of degenerated oocytes increased dramatically
(about 60%).

The analysis of all experimental variants indicates
gradual and slight increases in the percentage of
degenerating oocytes.

In this study, it was found that the electric field
parameters from 1 pulse of 30 psec to 3 pulses of
30 usec had no visible effect on the parthenogenetic
development of rabbit oocytes. We observed that
the rabbit oocytes were adversely affected by the
parameters of electric field that exceeded 3 pul-
ses of 60 psec (fourth variant) when none of the
oocytes continued development to the morula
stage and 3 pulses of 60 psec and 3.5 kV/cm when
all oocytes stopped their development at the 2 to
12 cell stage.
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