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ABSTRACT: Parthenogenetic embryos are an ethically acceptable alternative for the derivation of human
embryonic stem cells. In this work, we propose a new strategy to produce bovine parthenogenetic embryos
inhibiting the emission of the first polar body during in vitro maturation, and allowing the extrusion of the
second polar body during oocyte activation. Cytochalasin B, an inhibitor of actin microfilaments, was employed during in vitro maturation to inhibit first polar body emission or during parthenogenetic activation to
block second polar body emission. Only one polar body was inhibited in each strategy in order to keep the
diploid chromosome set. In experiment 1, the effect of cytochalasin B on in vitro maturation of bovine oocytes was evaluated. Most oocytes (77%) were arrested at a meiotic stage characterized by the presence of a
large internal metaphase plate and absence of polar body. In experiment 2, development of embryos exposed
to cytochalasin B during in vitro maturation (CytoB-IVM) or during activation (CytoB-ACT) was compared.
Developmental rates did not differ between diploidization strategies, even when three agents were employed
to induce activation. Both groups, CytoB-IVM and CytoB-ACT, tended to maintain diploidy. CytoB-IVM
parthenogenesis could help to obtain embryos with a higher degree of homology to the oocyte donor.

Introduction
Parthenogenesis is the growth and development of
embryos out of oocytes that have not been fertilized by
sperm, and it occurs naturally in many invertebrates as
well as in some vertebrates. It can be induced chemically (Susko-Parrish et al., 1994; Presicce and Yang,
1994), and the produced embryos have been widely used
to understand early development events (Liu et al.,
1998a,b). Interest in parthenogenetic embryos has increased after demonstrating their potential as a source
of embryonic stem cells (Kim et al., 2007). Recently,
parthenogenetic embryonic stem cells have been iso*Address correspondence to: Daniel Salamone.
E-mail: salamone@agro.uba.ar
Received: May 16, 2010. Revised version received: March 16, 2011.
Acepted: March 31, 2011.

lated from blastocysts on mice and primates (Allen et
al., 1994; Cibelli et al., 2002), opening new possibilities on regenerative medicine. These embryonic stem
cells have the ethical advantage of not involving the
destruction of viable embryos (Cibelli et al., 2006), but
the limitation of being homozygous for most genes
(Robertson et al., 1983; Surani et al., 1984).
The most common strategy to produce bovine parthenogenetic embryos consists on chemical activation
of metaphase II oocytes. During in vitro maturation,
oocytes arrested at the diplotene stage of the first
prophase, meiotic stage commonly known as germinal
vesicle, resume meiosis until second metaphase (Pincus
and Enzmann, 1935; Edwards, 1965). The most relevant
events of maturation are: germinal vesicle breakdown,
segregation of homologous chromosomes, extrusion of
the first polar body and progression trough the first
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meiotic division to metaphase II (revised in Mehlmann,
2005; revised in Wassarman and Albertini, 1994). Mammalian oocytes, with one pair of homologous chromosomes, composed by two sister chromatids, remain arrested at metaphase II until fertilization or parthenogenetic
activation (Pincus and Enzmann, 1935).
With the aim to obtain parthenogenetic diploid
embryos, metaphase II oocytes are chemically activated
in the presence of a drug which inhibits second polar
body emission (Balakier and Tarkowski, 1976). Embryos
produced in this way contain both sister chromatids of
one of the homologous chromosomes, and are predominantly homozygous for the majority of their genes
(Kubiak et al., 1991). Cytochalasin B, a microfilament
polimerization inhibitor, is usually employed to block
second polar body emission (Landa and Hájková, 1990;
Niemierko, 1975).
In this work, we explored the possibility to obtain
bovine parthenogenetic embryos with a higher degree
of identity to the oocyte donor. Cytochalasin B was
employed during in vitro maturation to inhibit first polar body emission. Moreover, in vitro development of
oocytes subjected to in vitro maturation, in presence or
absence of cytochalasin B, was compared. Oocytes sub-
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jected to in vitro maturation with or without cytochalasin B were parthenogenetically activated in conditions
that intended to maintain diploidy in both cases.

Materials and Methods
Experimental Design
Bovine cumulus oocyte complexes were subjected
to in vitro maturation, in presence or absence of cytochalasin B, and their meiotic stages were analyzed. Additionally, developmental competence of these matured
oocytes was compared. Each experiment was replicated
three times. Experiments are detailed below:
Experiment 1: Bovine oocytes meiotic stage was
evaluated during in vitro maturation in presence of cytochalasin B since 3 h or 10 h of starting the procedure,
and the evaluation times were 6, 9, 10, 12, 15, 18, 21
and 24 h after starting.
Experiment 2: Comparison of developmental competence of bovine oocytes inhibited to emit a polar body
during maturation (CytoB-IVM) or during activation
(CytoB-ACT) (Fig. 1). Different chemical agents were

FIGURE 1. Experiment 2 design: For the group cytochalasin B-in vitro maturation, bovine oocytes were inhibited to extrude
a polar body during in vitro maturation by addition of cytochalasin B since 10 h, and then they were activated allowing
extrusion of a polar body (ionomycin+3h+dimethylaminopurine; ionomycin+cycloheximide or ionomycin+3h+
dehydroleucodine). For the group CytoB-activation, oocytes were in vitro matured in absence of cytochalasin B, allowing first
polar body extrusion, and subsequently activated in conditions that inhibited second polar body extrusion
(ionomycin+dimethylaminopurine; ionomycin+cycloheximide+cytochalasin B or ionomycin+dehydroleucodine+cytochalasin
B). IVM: In vitro maturation; PA: parthenogenetic activation; PB: polar body; intM: internal metaphase; MII: metaphase II;
Cyto B-IVM: cytochalasin B added during in vitro maturation; CytoB-ACT: cytochalasin B added during parthenogenetic
activation; Io: Ionomycin; DMAP: 6-dimethylaminopurine; CHX: cycloheximide; DhL: dehydroleucodine.
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used to induce parthenogenetic activation. Embryonic
ploidy was analyzed.
Reagents
Except otherwise indicated, all chemicals were obtained from Sigma Chemicals Company (St. Louis, MO,
USA).
Oocyte collection and in vitro maturation
Bovine ovaries were collected at slaughterhouses
and transported to the laboratory in 0.9% NaCl-solution at 25-30ºC. Cumulus oocyte complexes were aspirated from small antral follicles (2-6 mm in diameter)
with a 21-gauge needle attached to a 10 ml disposable
syringe and were washed in Dulbecco’s phosphate buffer
saline (DPBS, 14287-072; Gibco, Grand Island, NY,
USA) containing 10% fetal bovine serum (FBS, 10499044; Gibco, Grand Island, NY, USA) and 2% antibiotic-antimycotic (ATB, 15240-096; Gibco, Grand Island,
NY, USA). Oocytes covered with at least 3 layers of
granulosa cells were selected for in vitro maturation.
Culture medium for in vitro maturation was bicarbonate-buffered Tissue Culture Medium 199 (TCM199,
31100-035; Gibco, Grand Island, NY, USA) supplemented with 2 mM glutamine (G-8540), 10% FBS, 10
mg/L follicle stimulating hormone (NIH-FSH-P1,
Folltropin®, Bioniche, Australia), 0.3 mM sodium pyruvate (P2256), 100 μM cysteamine (M9768) and 2%
ATB. For in vitro maturation, cumulus oocyte complexes
were cultured in 100 ul droplets of maturation medium
(20–25 oocytes/droplet) covered with mineral oil at 39°C
in 6.5% CO2 and humidified air.
Cumulus oocyte complexes were removed from
culture droplets after 3 h or 10 h of in vitro maturation
and incubated in the presence of 10 mg/L cytochalasin
B (C6762).
After maturation, cumulus cells were removed by
vortexing for 3 min in hyaluronidase (H-4272) (1 g/L
DPBS) and washed three times in Tyrode Albumin lactate piruvate buffered with Hepes, (TALP-Hepes)
(Bavister and Yanagimachi, 1977).
Meiotic stage analysis
Oocytes were stained with Hoechst Bisbenzimide
33342 (B-2261) (1 mg/L) in TCM-199 for 10 min. Visualization of meiotic stage was performed under UV
Light with inverted Nikon Eclipse Diaphot TE-300
epifluorescence microscope (Nikon, NY, EEUU).
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Chemical oocyte activation
Oocytes were exposed to 5 μM ionomycin (I24222;
Invitrogen, California, USA) in TALP-Hepes for 4 min
and washed in DPBS supplemented with FBS and ATB.
For the group CytoB-IVM, oocytes were placed in TCM199 for 3 h to permit extrusion of a polar body and subsequently treated with 2 mM 6-dimetilaminopurine
(D2629) in TCM-199 for 3 h or directly incubated with
cycloheximide (C8855) 10mg/L in TCM-199 for 5 h or
dehydroleucodine 5 uM (Embryology and Histology
Institute donation, Mendoza, Argentina) for 3 h. For the
group CytoB-ACT, exposure to ionomycin was followed
by further activation with 6- dimetilaminopurine, cycloheximide +cytochalasin B and dehydroleucodine+
cytochalasin B. For activation, cytochalasin B was used
in 5 mg/L concentration. The inhibitors were removed
by washing three times in TALP-H and cultures were
continued as described below.
In vitro culture
Presumptive zygotes were returned to the original
maturation media and co-cultured with cumulus cells.
Cleavage was evaluated at day 2, number of morulae
and blastocysts at days 5 and 7 respectively.
Cytogenetic Analysis
At 48 h post-activation, embryos were prepared
and examined for their cytogenetic composition, as described by King and Basrur (1979) with minor modifications. For this, embryos were synchronized at
metaphase by transferring to medium containing 0.05
mg/L democolcine (KaryoMAX Colcemid, GIBCO
BRL, USA) for 6 h. They were treated with 100 ul pronase (P-8811) (15mg/ml) in 2 ml TL-Hepes to disrupt
pellucidae zones and subsequently transferred into hypotonic solution (0.8% Na-citrate (F71497), w/v) for
15 min at 37°C. Individual embryos were placed on precleaned microscope slides and fixed by addition of ethanol (1.00983.1000; Merck, Darmstadt, Germany): acetic acid (401422; Carlo Erba, BA, Argentina) (3:1,v/v)
mixture. After drying, slides were stained with 5% (v/
v) Giemsa solution (Lowens, BA, Argentina) for 10 min
and washed. The stained chromosome spreads and nuclei were evaluated at x400 and x1000 magnification
with oil-immersion optics. Embryos were classified as
being haploid, diploid, tetraploid or others (polyploid
or mixoploid).
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Statistical Analysis
The data were pooled from at least three replications. Differences in the percentage of oocytes developing to a particular stage were determined by chisquare procedures. The SAS program was used (SAS
Institute Inc., 1989). Probability results of P<0.05 were
considered to be statistically significant.

Results
Meiotic progression of bovine oocytes during in vitro
maturation in presence of cytochalasin B
Meiotic progression of bovine oocytes incubated
in cytochalasin B since 3 or 10 h of in vitro maturation
beginning was evaluated by Hoechst 33342 staining
(Fig. 2).
Germinal vesicle - metaphase I transition mainly
occurred between 6 and 9 h of in vitro maturation in
control and cytochalasin B 10h groups (p<0.05). A different behavior was observed for cytochalasin B 3h
group, which showed this transition between 9 and 12 h
(P<0.05).

For both groups incubated in cytochalasin B during in vitro maturation, a high oocyte proportion did
not emit the first polar body after 24 h in vitro maturation (76.6% and 77.1% for cytochalasin B 3h and cytochalasin B 10h respectively). In these groups, the most
abundant meiotic species consisted on two internal
metaphase plates at 21 h, which seemed to rejoin in a
large metaphase plate at 24 h (Fig. 3). No differences in
metaphase II oocytes proportion were observed between
evaluation times for both cytochalasinB groups. In the
control group, most of the oocytes reached metaphase
II at 18 h (72.2%) (Fig. 2).
Developmental competence of bovine oocytes with polar body emission blocked during maturation or during
activation
Developmental competence of bovine oocytes in
vitro matured with cytochalasin B since 10h or in vitro
matured without cytochalasin B but chemically activated
in its presence was compared. Oocytes were selected
previous activation based on polar body emission. In
CytoB-IVM group, only oocytes inhibited to emit the
first polar body were activated. In CytoB-ACT group,
only metaphase II oocytes were used (Table 1). No dif-

FIGURE 2. Meiotic progression of bovine oocytes in vitro matured in cytochalasin B 10 mg/L, since 3 h or 10 h of
in vitro maturation. Cyto B: cytochalasin B; MII: metaphase II; intM: internal metaphase; GV: germinal vesicle.
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ferences were observed in embryo development between
diploidization strategies (Table 1). However, when we
induced parthenogenetic activation of bovine oocytes
incubated with cytochalasin B since 3h or 5h of the beginning of in vitro maturation, embryo development was
compromised (data not shown).
Preliminary cytological analysis of embryos showed
a high degree of diploid blastomeres in both groups
(Table 2), with the exception of activation with
ionomycin+ 6-dimethylaminopurine for the group
CytoB-ACT. However, no statistical differences were
found.
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Discussion
Our work demonstrates that the presence of cytochalasin B during in vitro maturation provokes a blockage in
internal metaphase-metaphase II transition. Moreover, we
prove that cytochalasin B causes inhibition of first polar
body extrusion during in vitro maturation, but it does not
affect subsequent in vitro embryo development.
Our first experiment demonstrates a delay in the
transition germinal vesicle- metaphase I when cytochalasin B is added since 3h of in vitro maturation. These
results suggest a role for microfilaments on the capture

TABLE 1.
Comparative development of oocytes inhibited to emit their first (cytochalasin B-IVM) or second polar bodies
(cytochalasin B-ACT), employing chemical activation with 6-dimetilaminopurine, cycloheximide or
dehidroleucodine.
cytochalasinB

Chemical activation

-IVM

Io+3h+DMAP
Io+DMAP
Io+CHX
Io+CHX+cytochalasinB
Io+ 3 h+DHL
Io+DHL+cytochalasinB

Cleavage

Morulae

Blastocysts

(%)

(%)

(%)

63 (70,79)a
97 (69,78)c
23 (32,86)b
21 (43,75)d
13 (20,63)b
14 (27,45)d

16 (17,97)a
30 (21,58)
11 (15,71)a
7 (14,58)
1 (1,59) b
7 (13,72)

3 (3,37)
3 (2,16)
1 (1,43)
1 (2,08)
0
1 (1,96)

n

+
+
+
-

89
139
70
48
63
51

IVM: in vitro maturation; Io: Ionomycin; DMAP: 6-Dimethylaminopurine, CHX: Cycloheximide; DhL: Dehidroleucodine.
(a,b) Statistical differences between chemical activation treatments for the group CytochalasinB-IVM. (c,d) Significative differences between chemical activation treatments for the group CytoB-ACT. (Fisher Test; p<0.05)

TABLE 2.
Cytological analysis of embryos inhibited to emit their first (CytoB-IVM) or second polar bodies (CytoB-ACT),
employing chemical activation with 6-dimethylaminopurine, cycloheximide or dehidroleucodine.
cytochalasinB-

Embryos

Blasto-

Chemical Activation

Io+3h+DMAP
Io+DMAP
Io+CHX
Io+CHX+CytochalasinB
Io+DHL+CytochalasinB

IVM

(n)

meres(n)

Haploid
n(%)

+
+
-

6
12
5
14
15

8
17
7
21
19

0
0
0
5 (23,8)
1 (5,2)

Blastomeres
Diploid Tetraploid
n(%)
n(%)
6 (75)
5 (29,4)
5 (71,4)
13 (61,9)
12 (63,2)

1 (12,5)
5 (29,4)
1 (14,3)
0
3 (15,8)

Others
n(%)
1 (12,5)
7 (41,2)
1 (14,3)
3 (14,3)
3 (15,8)

IVM: in vitro maturation; Io: Ionomycin; DMAP: 6-Dimethylaminopurine, CHX: Cycloheximide; DhL: Dehidroleucodine.
Diploid blastomeres: 2n=60+2. Tetraploid Blastomeres: 4n=120+2. Others: >60 chromosomes, but different from 120. No
statistical differences were found by Fisher test, P <0.05.
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of chromosomes during germinal vesicle breakdown,
indicating that micofilaments in concertation with microtubules, lead to proper congression of chromosomes
onto the metaphase plate at the metaphase I spindle
(Lènart et al., 2005).
In our second experiment, we demonstrated that
cytochalasin B induces a reversible meiotic blockage
when it is added since 10 h of in vitro maturation begin-
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ning, as it allows subsequent in vitro embryo development. This is the first work reporting embryo development of oocytes inhibited to emit the first polar body in
the bovine. The degree of heterozygosity of these diploid parthenogenic embryos could be higher than the
one observed for embryos obtained after chemical activation of metaphase II oocytes. A recent study in the
mice (Kim et al., 2007) demonstrated that activation of

FIGURE 3. Meiotic progress of
bovine oocytes in vitro matured
with cytochalasin B (since 10
h in vitro maturation) (a,b,d,e)
or without it (c,f). a, d,e) In vitro
maturation with cytochalasin B
since 10 h and visualization under UV light (488 nm) at different times: a) 15 h; b) 18 h; d)
24 h. f) In vitro maturation without cytochalasin B for 24 h and
visualization under UV light. b)
and c) Oocytes shown at panels e) and f) after removal of
UV light.

FIGURE 4. Top panels: Parthenogenesis strategy cytochalasin B-IVM, and activation with CHX; Low panels: Parthenogenesis strategy cytochalasin B-ACT, and activation with DMAP. a and d) Bovine blastocyst under bright light. b and e)
Under UV light (488 nm), after Hoechst staining and mounting between slides to determine cell number [b: 170 cells; e)
100 cells]. c and f) Karyotype of day two blastomeres obtained after the same strategies as the blastocysts showed
(60+2 chromosomes, magnification 400x).
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oocytes inhibited to go through the first meiotic division,
ensured preservation of heterozygosity across the genome
except in regions that converted to homozygous by recombination. The diagnostic pattern of a cell line derived
from a parthenogenetic embryo obtained by activation of
a metaphase II oocyte is pericentromeric homozygosity
and an increasing frequency of heterozygosity as distance
from the centromere increases. Embryonic stem cells
obtained after chemical activation of mouse oocytes inhibited to extrude its first polar body is pericentromeric
heterozygosity and increased homozygosity at locations
distal to the centromeres (Kim et al., 2007). In our case,
further genotypification studies of embryos developed
in vitro from oocytes of known genotype would be
neccesary to determine the degree of heterozygosity of
bovine embryos obtained after both strategies.
Our karyotyping results showed a high degree of
diploidies for both activation strategies. However, we also
obtained a high proportion of aneuploid and tetraploid
blastomeres, which agrees with previous bovine reports,
showing that parthenotes exhibit more chromosomic
anomalies than embryos obtained by in vitro fertilization
(De La Fuente and King, 1998; Bhak et al., 2006).
In summary, our results demonstrate that bovine
oocytes can be inhibited to emit their first polar body
by microfilaments inhibition, and moreover, that oocytes
in vitro matured in these conditions are capable to develop in vitro.
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