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Mesenchymal stem cells (MSCs) have been reported to secrete a variety of cytokines and growth factors acting as trophic
suppliers, but little is known regarding the effects of conditioned medium (CM) of MSCs isolated from femurs and tibias of mouse
on the artificial activation of mouse oocytes and on the developmental competence of the parthenotes. In the current study, we
investigated the effect of CM on the events of mouse oocyte activation, namely oscillations of cytosolic calcium concentration
([Ca2+]i), meiosis resumption, pronucleus formation, and parthenogenetic development. The surface markers of MSCs were
identified with a fluorescence-activated cell sorter. The dynamic changes of the spindle and formation of pronuclei were
examined by laser-scanning confocal microscopy. Exposure of cumulus-oocyte complexes to CM for 40 min was optimal for
inducing oocyte parthenogenetic activation and evoking [Ca2+]i oscillations similar to those evoked by sperm (95 vs 100%; P >
0.05). Parthenogenetically activated oocytes immediately treated with 7.5 μg/mL cytochalasin B (CB), which inhibited spindle
rotation and second polar body extrusion, were mostly diploid (93 vs 6%, P < 0.01) while CB-untreated oocytes were mostly
haploid (5 vs 83%, P < 0.01). Consequently, the blastocyst rate was higher in the CB-treated than in the CB-untreated oocytes.
There was no significant difference in developmental rate between oocytes activated with CM and 7% ethanol (62 vs 62%, P >
0.05), but the developmental competence of the fertilized oocytes was superior to that of the parthenotes (88 vs 62%, P < 0.05).
The present results demonstrate that CM can effectively activate mouse oocytes, as judged by the generation of [Ca2+]i
oscillations, completion of meiosis and parthenogenetic development.
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Introduction

Mesenchymal stem cells (MSCs), widely distributed in
a variety of tissues in the adult organism, secrete many
kinds of cytokines and growth factors, such as monocyte
chemotactic protein-1, vascular endothelial growth factor-
A, epidermal growth factor (EGF), fibroblast growth factor-
2, interleukin-6, leukemia inhibitory factor, transforming

growth factor-β, and so on (1,2). We have demonstrated
the trophic effects of these bioactive factors in supporting
follicular growth and in vitro maturation of mouse oocytes
(3). However, to our surprise, some MII oocytes cocultured
with MSCs were activated, with the occurrence of cleav-
age, though none of these oocytes developed further in
this culture. We later observed that the conditioned medi-
um (CM) of MSCs, which undoubtedly contains many
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kinds of cytokines and growth factors resulting from the
exocrinosity of MSCs, can act equally as a stimulant. Thus,
we thought it would be useful to assess the ability of CM to
activate mouse oocytes parthenogenetically, and embryo
development before implantation.

Some of these secreted bioactive factors have been
reported to improve meiotic maturation in vitro and subse-
quently the embryo developmental potential directly or via
cumulus cells (4-6). Many studies have demonstrated a
beneficial influence of leukemia inhibitory factor on em-
bryo development in several species, such as improved
cleavage of parthenogenetic embryos, higher rate of pro-
nuclear-stage embryos with in vitro fertilization, a larger
inner cell mass, and so on (7-9). The EGF receptor (EGFR)
is present in cumulus cells and in oocyte at the germinal
vesicle stage and following maturation. O’Donnell et al.
(10) reported that activation of EGFR by EGF or transform-
ing growth factor-α induces both auto- and trans-phospho-
rylation of EGFRs, which result in cytosolic calcium con-
centration ([Ca2+]i) elevation and subsequent membrane
permeabilization in mouse cumulus-oocyte complexes
(COCs), but oocytes fail to respond to the EGF stimulus.
However, to our knowledge, no information is available
concerning the effect of CM on oocyte activation and on
the development of preimplantation parthenogenotes.

A variety of artificial stimuli such as ethanol, electropo-
ration, calcium ionophore, ionomycin, and inositol 1,4,5-
trisphosphate (InsP3) are used to induce the parthenoge-
netic activation of mammalian oocytes (11-15). Yang et al.
(13) reported that combined treatment with 7% ethanol for
10 min and cycloheximide, a protein synthesis inhibitor,
improved the rate of activation of the young oocytes of
cattle. The histone kinase inhibitor 6-dimethylaminopurine
has been reported to accelerate and enhance the forma-
tion of pronuclei in non-aged MII oocytes from mice and
cattle (16). Also, cytochalasin B (CB), an inhibitor of mi-
crofilament polymerization, prevents the release of the
second polar body (Pb2) after oocyte activation, which
would result in diploid development (17), and may also
help prevent embryo fragmentation (18,19).

These artificial stimuli mimicking sperm-triggered events
evoke a series of [Ca2+]i oscillations, which is critical for
oocyte activation. [Ca2+]i oscillation triggers two important
major events during activation: resumption of meiosis and
pronuclear formation. Sperm–oocyte fusion initiates [Ca2+]i
oscillations that last several hours (20). Some activators,
such as ionomycin or ethanol, cause a single [Ca2+]i tran-
sient, while others such as InsP3, adenophostin A, thime-
rosal, and strontium evoke repetitive [Ca2+]i oscillations
(21). Furthermore, some investigators have suggested
that the type of [Ca2+]i change is an important factor in

promoting subsequent embryo development (22-24).
Therefore, it is important to investigate [Ca2+]i oscillations
of oocytes treated with CM when judging the efficiency of
CM for oocyte activation and embryo development.

In the present study, we investigated the pattern of
[Ca2+]i changes in mouse oocytes after treatment with CM,
and the effects of time of exposure to CM and to a sequen-
tial combination of CM and CB in improving parthenoge-
netic activation and development of mouse oocytes.

Material and Methods

Care and use of animals
Kunming mice, originally derived from ICR (CD1) ani-

mals, were housed in a controlled environment (20-25°C,
40-60% humidity, and a 8:00-20:00-light cycle). Female
mice of the F1 strain, 6-8 weeks old, were used. Animal
care and handling were in accordance with the policies
issued by the Ethics Committee of Anhui Provincial Hospi-
tal affiliated to Anhui Medical University.

Isolation of mesenchymal stem cells and preparation of
conditioned medium

Mice were deeply anesthetized with chloral hydrate
and decapitated. Bone marrow was collected by flushing
femurs and tibias with DMEM-HG (Gibco™, Invitrogen Cor-
poration, USA). Mononuclear cells were harvested by sepa-
ration with 60% Percoll (Amersham Biosciences, USA)
separation (density: 1.077 g/mL, 800 g for 20 min) and
washed twice (270 g for 10 min) in DMEM-HG. Cells were
then incubated in complete medium consisting of DMEM-
HG, 10% fetal calf serum (Gibco™, Invitrogen Corpora-
tion), 100 U/mL penicillin and 100 mg/mL, at a density of 5
x 106 cells/mL. After 3 days, nonadherent cells were re-
moved by two to three washes with 1X PBS and adherent
cells were further cultured in complete medium to 90%
confluence. At this time, adherent cells were trypsinized
and seeded at a density of 3 x 105 cells/mL for further
expansion. After 48 h, the supernatant was collected as
CM and filtered through a 0.2-μm filter for immediate use.
Surface markers of MSCs, CD11b, CD34, CD44, and
CD105, were analyzed with a fluorescence-activated cell
sorter (FACS). FITC-anti-CD11b, FITC-anti-CD34, PE-cy5-
anti-CD44, and PE-anti-CD105 were purchased from
eBioscience (USA).

Superovulation and collection of mouse oocytes
Female mice were induced to superovulate by injection

of pregnant mare’s serum gonadotropin (PMSG) (7.5 IU,
ip, Hangzhou Animal Medicine Factory, China), followed
48 h later by injection of human chorionic gonadotropin
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(hCG) (7.5 IU, ip, Hangzhou Animal Medicine Factory).
The superovulated mice were killed 14 h after hCG injec-
tion, and the COCs were released from the oviductal
ampullae into pre-equilibrated M16 medium (Sigma, USA).
The COCs and denuded MII oocytes, which were freed of
cumulus cells by a brief exposure to 0.1% (w/v) hyalu-
ronidase (Sigma), were used for in vitro activation. All ma-
nipulations were performed on a thermostatic plate (37°C).

Parthenogenetic activation
COCs and denuded MII oocytes were treated with

freshly prepared CM for 0, 10, 40 min, 1, or 2 h. Cumulus
cells in COCs were dispersed with hyaluronidase after CM
treatment. Also, oocytes were activated with CZB medium
containing 7% ethanol for 6 min. After activation, the
oocytes were washed three times with M16 and further
cultured in CZB medium containing 0.4% BSA (Sigma) in a
4-well Petri dish (Nunc, Denmark). Other batches of COC
used as control were incubated with DMEM-HG containing
10% fetal calf serum for 0, 10, 40 min, 1, or 2 h followed by
additional incubation in CZB medium containing 0.4% BSA
after cumulus cells were removed by hyaluronidase. Oo-
cytes that exited MII arrest and resumed meiosis were
considered to have been activated. At 48 h post-activation,
glutamine and glucose were directly injected into one drop
of CZB to give a final concentration of 1 and 5.56 mM,
respectively, which supported embryo development to the
morula and blastocyst stages (25).

Treatment with CB
Cytochalasin B (Sigma) was dissolved as a stock solu-

tion (1 mg/mL) in dimethylsulfoxide (Sigma) and stored at
-20°C. It was later diluted to a final concentration of 7.5 μg/
mL in CZB containing 0.4% BSA. The parthenogenetically
activated oocytes were sequentially treated with CB for 4
h. The oocytes were removed from the medium containing
CB, washed at least three times with M16, and then cul-
tured in CB-free CZB containing 0.4% BSA. At 48 h,
glutamine and glucose were directly injected into the cul-
ture medium of CZB to a final concentration of 1 and 5.56
mM, respectively.

In vivo/in vitro fertilization
The PMSG- and hCG-primed female mice were al-

lowed to mate overnight with males of proven fertility. In
vivo fertilized oocytes were isolated into M16 medium from
the oviductal ampullae of mice 15 h after hCG administra-
tion. Cumulus cells were removed as described earlier for
MII oocytes and then cultured in CZB containing 0.4%
BSA. Glutamine and glucose at final concentrations of 1
and 5.56 mM, respectively, were added to the culture drop

at 48 h.
For in vitro fertilization, MII oocytes were treated with

0.5% (w/v) protease E (BioShare, Germany) to remove the
zona pellucida (ZP) prior to insemination. Sperm were
collected from the cauda epididymis of the males, capaci-
tated for 1-1.5 h, and diluted in HTF Xtra medium (LifeGlobal,
USA) to a final concentration of 0.7-1.3 x 106 sperm/mL.
Insemination of ZP-free oocytes by capacitated sperm was
performed in a thermostatic 4-well Petri dish, suitable for
[Ca2+]i measurements, as previously described (26).

Measurement of [Ca2+]i

To monitor [Ca2+]i changes, COCs and denuded oo-
cytes, either ZP-enclosed or ZP-free, were loaded with the
Ca2+-sensitive dye, fura-2-AM (3 μM; Sigma), for 30 min in
Ca2+/Mg2+-free M2 medium at 37°C. After dye loading,
COCs and denuded oocytes were washed free of the dye
and transferred to a polylysine-coated coverslip mounted
on a 4-well Petri dish held at 37°C. COCs and denuded
oocytes were stimulated by the addition of reagents di-
rectly to the cell dish. Free [Ca2+]i was determined by
monitoring the fluorescence ratio at 340/380 nm excitation
wavelengths using an inverted microscope (Zeiss, Axiovert,
Germany) after appropriate background fluorescence sub-
traction. In all cases, data were sampled at 5-s intervals.

Immunofluorescent staining and confocal microscopy
At various times after activation (0, 1, 2, 4, 6, 12, 16, 20,

24 h), oocytes were fixed with 3.7% (w/v) paraformalde-
hyde in PBS containing 0.1% (v/v) Triton X-100 for 30 min
at 37°C. Fixed oocytes were stored until processing at 4°C
in a PBS blocking solution containing 1% (w/v) BSA, 2% (v/
v) normal goat serum, 0.1 mol glycine, 0.2% (w/v) sodium
azide, and 0.01% (v/v) Triton X-100. A double-labeling
protocol was used for the detection of microtubules and
chromatin by confocal microscopy. Oocytes were first in-
cubated for 1 h at 37°C in a mixture of mouse monoclonal
anti α–tubulin and β–tubulin (Sigma) antibodies at a 1:500
final dilution in PBS blocking solution. After two washes in
0.1% (w/v) polyvinylpyrrolidone (PVP)/PBS at room tem-
perature, oocytes were incubated at 37°C in PBS blocking
solution alone for 30 min, and then in a 1:100 dilution of
goat anti-mouse fluorescein-conjugated IgG (Santa Cruz,
USA) for 45 min at 37°C. Oocytes were washed again
twice in 0.1% PVP/PBS, and incubated at room tempera-
ture for 10 min in 10 μg/mL propidium iodide (Sigma) and
mounted in 70% (v/v) glycerol/PBS containing 25 mg/mL
sodium azide. Controls included nonimmune and second-
ary antibody alone, which did not detect spindles, microtu-
bules or midbodies. The samples were examined with a
laser-scanning confocal microscopy (Zeiss, LSM510).
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Statistical analysis
Data are reported as the means ± SEM of three repli-

cates of each experiment. Differences between treatment
groups were determined by the chi-square test, with the
level of significance set at P < 0.05.

Results

Characterization of mesenchymal stem cells
MSCs of passage two showed typical fibroblast mor-

phology with large flat and spindle-shaped cells, as did
primary MSCs. FACS analysis demonstrated that these
cells were negative for CD34 and CD11b, and positive for
CD44 and CD105, consistent with the general agreement
that MSCs lack typical hematopoietic antigens and mark-
ers of granulo-monocytic cells, namely, CD34 and CD11b
(27).

The effect of CM on [Ca2+]i changes
A very early observable event occurring after sperm-

oocyte interaction or after parthenogenetic activation is an
increase in [Ca2+]i. Oocytes in COCs treated with CM
exhibited an initial [Ca2+]i transient at 12-30 min, that was
followed by a series of irregular [Ca2+]i oscillations of lower
amplitude (0.41 ± 0.05 arbitrary units) and longer peak-to-
peak intervals (7.11 ± 1.59 min; Figure 1C), whereas the
oscillations in fertilized oocytes were regular, with greater
amplitude (0.83 ± 0.13 arbitrary units) and shorter intervals

(3.15 ± 0.37 min; Figure 1A). In general, [Ca2+]i increased
slowly in CM-treated oocytes and all sequential changes
occurred above the basal level. Oocytes treated with 7%
ethanol presented a single rise in [Ca2+]i, which increased
rapidly from the basal level to the peak level, and then
slowly decreased but did not return to the basal level within
6 min (Figure 1B).

Effects of CM on the activation of mouse oocytes in the
presence or not of CB

Significantly more oocytes (approximately 95%) were
activated at the CM exposure times of 40 min, 1 and 2 h
than at shorter exposure times as shown in Table 1. There
was no difference between exposure for 40 min, 1 and 2 h,
but the oocytes treated for 40 min developed well, while
embryo fragmentation increased with exposure time. The
optimal time for denuded MII oocyte activation (approxi-
mately 95%) was not 40 min but 2 h (data not shown).

To study the effect of CB on the development of acti-
vated oocytes, COCs were treated with CM for 40 min,
followed by culture for 4 h in CZB with or without 7.5 μg/mL
CB after cumulus cells were removed. No significant differ-
ence in activation rate was observed in the presence or
absence of CB (Table 2). However, most of the oocytes
treated with CB had two pronuclei, whereas most of the
activated oocytes without CB treatment contained one
pronucleus or cleaved immediately. Since CB inhibited the
second polar body extrusion, the activated oocytes treated

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Fertilization-, ethanol-, and conditioned medium (CM)-induced [Ca2+]i changes in fura-2-AM-loaded mouse oocytes. A,
During in vitro fertilization, sperm triggered an initial [Ca2+]i transient that was followed by a series of regular and high [Ca2+]i
oscillations. B, A single rapid [Ca2+]i rise was observed in 7% ethanol-treated oocytes, which decreased slowly. C) The type of [Ca2+]i
changes in CM-treated oocytes was similar to that induced by sperm. The amplitude of the initial [Ca2+]i transient was lower than the
subsequent [Ca2+]i oscillations, whereas the oscillations induced by CM were of lower amplitude and longer duration than those
induced by sperm.
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with CB mostly formed diploid zygotes     while those not
treated with CB mostly formed haploid zygotes. A signifi-
cantly higher proportion of activated oocytes in the group
treated with CB developed into blastocysts than in the
group not treated with CB (Table 2).

Dynamic changes of the spindle following
parthenogenetic activation

Microtubules were found mainly in the well-organized
spindle in MII oocytes by immunofluorescent staining. The
spindle was symmetrical, bipolar, barrel-shaped, and lo-
cated near the cortex of the oocyte. From 1 to 3 h post-
activation, as the oocyte exited MII and progressed to
anaphase II and subsequently to telophase
II, the sister chromatids migrated to opposite
poles of the spindle, followed spindle rotation
from parallel to vertical in relation to the sur-
face of the oocyte (Figure 2A). The spindle
then elongated and formed Pb2, which was
extruded into the perivitelline space.

Neither the resumption of meiosis nor the
separation of daughter chromatids was dis-
turbed after oocyte activation with CM fol-
lowed by treatment with 7.5 μg/mL CB for 4 h.
However, in CB-treated parthenogenetically
activated oocytes, spindle rotation and Pb2

Table 1.Table 1.Table 1.Table 1.Table 1. Effect of mesenchymal stem cell conditioned medium
(CM) on the activation of mouse oocytes.

Duration of No. of oocytes Activated
CM treatment examined oocytes (%)

0 min 59 6 ± 3%a

10 min 106 46 ± 10%b

40 min 104 95 ± 2%c

1 h 97 95 ± 2%c

2 h 102 96 ± 2%c

Data are reported as means ± SD for activated oocytes. Values
with different superscript letters differed significantly (P < 0.01,
chi-square test).

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Resumption of meiosis induced by con-
ditioned medium (CM) and effects of cytochalasin
B (CB) on spindle rotation and pronucleus forma-
tion. Microtubules (green) and chromatin (red)
were stained with anti-tubulin antibodies and pro-
pidium iodide, respectively. After 40-min exposure
to CM, MII arrested oocytes in cumulus-oocyte
complexes (COCs) resumed meiosis. A, At 1-3 h
post-activation in the absence of CB, the first po-
lar body (Pb1) extruded into the perivitelline space
while the telophase spindle showed an orientation
perpendicular to the plasma membrane, and
daughter chromosomes separated towards the
two spindle poles (SP). B, At 1 to 4 h of CB
treatment, the oocytes failed to undergo spindle
rotation. C and D, At 0 to 2 h post-CB treatment,
because the second polar body (Pb2) extrusion
was inhibited, two pronuclei (PN) containing mul-
tiple nucleoli formed in the cytoplasm connected
with a midbody (MB). Scale bar = 20 μm for all
panels.

Table 2.Table 2.Table 2.Table 2.Table 2. Effect of cytochalasin B (CB) treatment on the activation and develop-
ment of mouse oocytes.

CB No. of Activated Activated oocytes (%) with Blastocyst
oocytes oocytes (%) (%)

1 pronucleus 2 pronuclei Fragmented
cytoplasm

+ 109 97 ± 2% 5 ± 1* 93 ± 3* 0* 59 ± 2*
- 94 95 ± 2% 83 ± 2 6 ± 2 7 ± 3 10 ± 3

Data are reported as means ± SD. *P < 0.01 compared to oocytes not treated
with CB (chi-square test).
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extrusion were inhibited. At 1 to 4 h of CB treatment,
spindles were still parallel to the surface of the oocytes
(Figure 2B). As no Pb2 extruded, these treated oocytes
were diploid, containing two haploid female pronuclei con-
nected at the midbody in the cytoplasm at 0-2 h after 4 h of
CB treatment (Figure 2C,D).

Development of activated oocytes
At 4-6 h post-CM treatment, the activated oocytes

completed the second meiosis and entered mitosis (Figure
3A-F). The activated oocytes without CB treatment devel-
oped faster than those with 4 h of CB treatment, a fact that
may have been partly due to immediate cleavage of the
parthenotes or cytokinesis post-activation in the absence
of CB. At 24 h post-activation, approximately 62% of the
oocytes without CB treatment developed to the 3- to 8-cell
stage, which in a small proportion of cases exhibited
abnormal morphology with many cleavage furrows and
many nuclei within an intact membrane (Figure 3D,F),

while CB-treated oocytes were mostly (80%) at the 2-cell
stage with normal morphology, i.e., with two nuclei con-
taining several nucleoli (Figure 3C,E). Moreover, the CM-
activated oocytes with or without the presence of CB
developed faster than the oocytes activated with 7% etha-
nol or by fertilization, and the rate of blastocyst formation
did not differ between the group treated with CM in combi-
nation with CB and the group treated with 7% ethanol but
was significantly lower in both compared to the fertilized
group at 96 h post-activation (Table 3).

Discussion

In the present study, experiments were undertaken to
investigate the effects of CM on mouse oocyte activation,
the pattern of [Ca2+]i changes, and the kinetics of key
nuclear events of activated oocytes, such as meiotic cell
cycle resumption, spindle rotation, Pb2 extrusion, and
pronucleus formation. Oocytes collected from the F1 strain

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3. Development of the parthenogenetic embryos. Microtubules (green) and chromatin (red) were stained with anti-tubulin
antibodies and propidium iodide, respectively. At 4 to 6 h, the activated oocytes entered mitosis. A, Oocyte at prometaphase. B,
Oocyte at mitosis metaphase. C and E, At 24 h, activated oocytes formed a 2-cell embryo after 4 h of cytochalasin B treatment. D and
F, At 24 h, activated oocytes without cytochalasin B treatment formed a 3-cell embryo with cytokinesis. Bar = 20 μm for all panels.
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of Kunming mice were treated with CM for 0, 10 and 40 min
and for 1 and 2 h. As shown here, mouse oocytes can be
effectively activated by CM treatment. The optimal time
was 40 min for COCs but 2 h for denuded oocytes. Second
polar body extrusion and fragmented cytoplasm increased
as CM exposure exceeded the optimum time. A small
fraction (6%) of mouse MII oocytes cultured in DMEM-HG
or CZB without any known parthenogenetic stimulants
initiated parthenogenetic activation spontaneously, which
is a common phenomenon in lower vertebrate species and
amphibians (28).

[Ca2+]i elevation is the early observable sign of oocyte
activation, and triggers meiosis resumption and pronuclear
formation. Recent studies have demonstrated that [Ca2+]i
mediates the degradation of cyclin B1 by increasing the
activity of an E3 ubiquitin ligase (29,30). Cyclin B1 is the
regulatory subunit of M-phase promoting factor and its de-
struction is required for meiosis resumption (31,32). In the
present study, CM, as well as sperm and ethanol induced
[Ca2+]i elevation. All of these activators caused mouse oo-
cyte activation but induced different patterns of [Ca2+]i
changes. CM induced a smaller first calcium transient, fol-
lowed by oscillations that were lower in amplitude, more
prolonged and of lower frequency than those induced by
sperm. By comparison, ethanol induced only a single cal-
cium transient. The first [Ca2+]i transient occurred at 12-30
min in CM-treated oocytes, so 10 min of exposure time was
not enough to activate oocyte effectively. Exposure to CM for
40 min induced 3-4 [Ca2+]i oscillations, was optimal for
oocyte activation, and exhibited a better development than
1- and 2-h treatment, possibly reflecting the toxic effects of
prolonged [Ca2+]i oscillations. In this experiment, the oocyte
in COCs can be activated with CM more easily than the
denuded oocyte, an event that may have been partly due to
the Ca2+ transients generated in the cumulus cells and/or
other messengers diffused to the oocyte via gap junctions,

with a resulting increase in Ca2+ in the oocyte (33,34).
Cytochalasin B, a microfilament-depolymerizing drug

widely used in animal cloning (35,36) and parthenogenetic
activation (14,15), can inhibit polar body extrusion and
therefore chromosome expulsion; in the presence of cy-
tochalasin B, chromosome segregation occurred, but
spindle rotation and cytokinesis did not take place. This
resulted in diploid zygotes with two pronuclei (14,15,17,
35,37). The present results show that CB did not affect
chromosomal movement or nuclear division but did inhibit
spindle rotation and, thus, cytokinesis. Ninety-three per-
cent of CM-activated oocytes combined with 4 h of CB
treatment formed diploid zygotes containing two pronuclei
while 83% of activated oocytes without CB treatment ex-
truded the second polar bodies and formed haploid zy-
gotes. Some of them even cleaved immediately, though
activation rates were similar irrespective of the presence or
absence of CB. The embryos developed faster in the
absence than in the presence of CB, but the rate of
blastocyst was lower in the absence of CB, and the em-
bryos with abnormal morphology, such as fragmented
cytoplasm, cytokinesis, were frequently observed in this
group. As far as the parthenogenetic development is con-
cerned, it was obvious that the beneficial effect of CB
treatment post-oocyte activation was due to the diploidiza-
tion of parthenotes. It is well known that diploid parthenotes
are less apoptotic and have greater developmental capac-
ity than haploid parthenotes (38,39).

The results of the present study demonstrate that CM
can act as an effective parthenogenetic agent, fairly mim-
icking the important events of oocyte activation, namely,
[Ca2+]i elevation, meiosis resumption, pronuclear forma-
tion, and parthenogenetic development. However, the effi-
cient component that induced activation in CM is less clear
and merits further study.

Table 3.Table 3.Table 3.Table 3.Table 3. Development of activated mouse oocytes cultured in vitro in CZB medium.

Treatment No. of At 24 h At 96 h
oocytes

1-cell 2-cell 3-8 cell Morulae Blastocysts
embryos embryos embryos (%) (%)

(%) (%) (%)

CM 114 0% 26 ± 9% 62 ± 12% 56 ± 7% 9 ± 3%
CM + CB 119 8 ± 4%* 80 ± 6%* 9 ± 4%* 15 ± 3%* 62 ± 2%*
7% ethanol + CB 107 96 ± 1% 3 ± 1% 0% 9 ± 2% 62 ± 3%*
Fertilized control 68 0% 100% 0% 0% 88 ± 8%

Data are reported as means ± SD. CM = conditioned medium of mesenchymal stem cells; CB = cytochalasin
B. *P < 0.05 compared with other treatments (chi-square test).
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