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Abstract:  The number of cells and the rate of cell
division were observed in diploid parthenogenetic
mouse embryos dur ing the course of blastocyst
formation, and were compared with those in embryos
developed from fertilized ova (fertilized embryos), in
order to identify the stage at which the number of cells
begins to differ and the cause of difference in cell
number between parthenogenet ic and fer t i l ized
embryos.  The number of cells and the rate of cell
division did not differ between parthenogenetic and
fertilized embryos at the 8-cell and compacted morula
stages.  The numbers of inner-cell-mass and trophoblast
cells did not differ between parthenogenetic and
fertilized embryos at the early blastocyst stage, but were
significantly fewer in parthenogenetic embryos (11.1 and
32.7) than in fertilized embryos (14.9 and 52.0) at the
expanded blastocyst stage.  The numbers of dead inner-
cell-mass and trophoblast cells were significantly more
in parthenogenetic embryos than in fertilized ones at the
early and expanded blastocyst stages.  At the early
blastocyst stage, although no difference was observed
between parthenogenetic and fertilized embryos in the
rate of division of trophoblast cells, the rate of division of
inner-cel l -mass ce l ls was sign i f icant ly lower in
parthenogenetic embryos (4.4%) than in fertilized ones
(9.7%).  There was no difference in the rate of cell
division between parthenogenetic and fertilized embryos
at the expanded blastocyst stage.  From these results, it
was inferred that the number of  cel ls in diploid
parthenogenetic embryos does not differ from fertilized
embryos until blastocyst formation, but becomes fewer
than in fertilized embryos because more cells are dying
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in parthenogenetic embryos during the expansion of
blastocysts.  A low rate of cell division in the early
blastocyst stage is thought to be one reason for the
fewe r  number  o f  i nne r - c e l l -mass  ce l l s  in
parthenogenetic embryos at the expanded stage, in
addition to the presence of a large number of dead cells.
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Parthenogenesis is the phenomenon in which an
ovum begins to develop by activation without sperm
penetration.  Artificial induction of this phenomenon is
thought to be useful in clarifying the mechanisms of
ovum activation and to investigate the role of sperm in
embryo development [1].  Although parthenogenetic
embryos are prepared in mammals by various methods,
all attempts to obtain newborns from such embryos
have failed [2, 3].  Furthermore, parthenogenetic
embryos are also known to have a low potential of
development in vitro [4, 5].  Slower cell division [1, 5],
low metabolic activities [6–11], ultrastructural disorders
[1, 6, 12–14], the lack of imprinting of paternal genomes
[15–17]  and h igh f requencies of  chromosomal
anomal ies [4,  6,  18, 19] have been reported as
ex p la in i ng  t he  l ow  deve lopmen ta l  po tency  o f
parthenogenetic embryos and the failure to obtain
newborns.

On the other hand, it has been reported that the
number of cells in parthenogenetic embryos is fewer
than that in embryos developed from fertilized ova
(ferti l ized embryos) [1, 2, 5, 6, 20, 21].  Namely,
parthenogenetic blastocysts developed from ova
activated and diploidized by treatment with ethanol and
cytochalasin B or D had a significantly smaller number
of cells, 32.1 [6], 35.2 [1], 52.9 [20] and 69.4 [21] on
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average, compared with fertilized blastocysts, which
respectively had 47.2 [6], 51.9 [1], 66.1 [20] and 86.6
[21] cells on average in the same stage.  It has also
been sa id  that  d ip lo id  par thenogenet ic  mouse
blastocysts have about 20 inner-cell-mass cells [5] or
about half of those observed in blastocysts developed
from fertilized ova [2].  This smaller cell number in
parthenogenetic blastocysts is thought to be related to
the high mortality of these embryos after implantation
[1, 2, 5, 6, 20, 21].  As mentioned above, comparison of
cell numbers between parthenogenetic and fertilized
embryos has been performed only at the blastocyst
stage and it is unclear which stage of development
accounts for the difference.

In the present study, the number of cells in diploid
parthenogenetic mouse embryos was examined and
compared with that of fertilized embryos during the
course of blastocyst formation, in order to identify the
stage at which the number of cells began to differ
between parthenogenetic and ferti l ized embryos.
Furthermore, the numbers of dead cells and the rates of
cell division were observed in both parthenogenetic and
fertilized embryos during the course of blastocyst
formation, in order to clarify the cause of difference in
cell number between parthenogenetic and fertilized
embryos.

Materials and Methods

Animals
Two hundred and eighty mature female mice of the

ICR strain prepared by mating at our laboratory were
used in the present study.  They were housed in
autoclaved metal cages and were given a standard diet
(MF, Oriental Yeast Co., Tokyo, Japan) and tap water
ad libitum in an air-conditioned room (24°C), under
controlled-lighting conditions (14L/10D; L: 4:00 a.m. to
6:00 p.m.).  These females were intraperitoneally
injected with 5 i.u. of PMSG (Serotropin®, Teikoku
Hormone Manufacturing Co. Ltd., Tokyo, Japan), and
with 5 i.u. of hCG (Gonatropin®, Teikoku Hormone
Manufactur ing Co.  L td. )  48 hrs  la ter  to induce
superovulation.  About one third of superovulated
female mice were mated with mature males of the same
strain.

Preparation of embryos
To induce parthenogenesis, unfertilized ova were

recovered from superovulated females 14 hrs after the
hCG injection and were immersed in M2 medium [22]
containing 100 µM EDTA-2Na (EDTA-M2 medium) and
7% ethanol for 7 min at room temperature, and then in
EDTA-M2 medium containing cytochalasin B (Sigma
Chemical Co., MO, USA) at 5 µg/ml for 6 hrs at 37°C.
The treated ova were immersed in EDTA-M2 medium
containing 0.1% hyaluronidase (Sigma Chemical Co.) to
remove the cumulus cells, and were then cultured in
EDTA-M2 medium for 22 hrs in a CO2 incubator (5%
CO2 in air) at 37°C.  After being rinsed 3 times with M16
medium [23], 2-cell embryos developed from the treated
ova were further cultured in M16 medium.  As controls,
spe rm-pene t ra ted  ova  we re  co l lec ted  f r om
superovulated and mated females 14 hrs after the hCG
injection, and cultured in EDTA-M2 medium for 28 hrs
and then successively cultured in M16 medium.

The parthenogenetic and fertilized embryos observed
were  8 -ce l l  embryos  composed o f  on ly  round
blastomeres, compacted morulae, early blastocysts and
expanded blastocysts measuring 80 to 100 µm in
diameter.

Observation of cell number and frequency of mitosis
In  o rder  to  inves t iga te  the  number  o f  ce l l s ,

parthenogenetic and fertilized embryos at the stages of
compacted morula, early blastocyst and expanded
blastocyst were treated with the method used by
Handyside and Hunter [24].  These embryos were
immersed in acidic Tyrode solution (pH 2.5) [25] to
dissolve their zonae pellucidae.  After rinsing in M16
medium, the naked embryos were immersed for 3 min
at room temperature in rabbit anti-mouse splenocyte
antiserum diluted 5 times with M16 medium.  The
embryos treated with the antiserum were rinsed in M16
medium, and immersed in guinea pig complement
serum (Gibco BRL, NY, USA) containing 0.01%
propidium iodide (Sigma Chemical Co.) for 5 min at
37°C, this complement being diluted 10 times with M16
medium.  Then, the treated embryos were fixed and
stained in ethanol containing 0.5 mM Hoechst 33342
(Molecular Probe, OR, USA) for 3 min at 4°C.

Parthenogenetic and ferti l ized embryos at the
untransformed 8-cel l ,  compacted moru la,  ear ly
blastocyst and expanded blastocyst stages were
incubated in M16 medium containing vinblastine (Sigma
Chemical Co.) at 30 ng/ml for 4 hrs at 37°C, to observe
the metaphase plate.  The embryos incubated with
vinblastine were washed 3 times in M16 medium, and
then treated by the method [24] mentioned above.

Each of the embryos prepared for the observation of
cell number or cell division was placed on a glass slide
for photography under a reflected-light fluorescence
microscope (Nikon Corporation, Tokyo, Japan).  The
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same procedures of observation were repeated 3 times,
using 30 embryos in all for every developmental stage.
Living cells and dead cells were identified according to
morphological features used by Hardy and Handyside
[21].  Namely, nuclei of living cells had a distinct nuclear
outline and brightly stained nucleoli, while those of dead
cells did not maintain the morphology as living cells,
resulting in fragmentation.  On the other hand, cells with
condensed chromosomes (metaphase plates) were
judged to be at the metaphase stage of mitosis.  The
frequency of division in each blastomere, trophoblast
cell or inner-cell mass cell was calculated as follows: 

Number of cells with metaphase plates
Total number of cells

× 100

Statistical analysis
Statistical analysis of the cell number was performed

by one-way analysis of variance.  The frequency of cell
division was also statistically analyzed using one-way
analysis of variance after angular transformation.

Results

When parthenogenetic and fertilized embryos during
the course of blastocyst formation were observed under
a fluorescence microscope after being treated by the
method of Handyside and Hunter [24], nuclei were
stained pink in round blastomeres of 8-cell embryos,
flattened blastomeres of morulae and trophoblast cells
of blastocysts, and stained blue in round blastomeres of

Fig. 1. Fluorescence micrographs of parthenogenetic (a) and 
with the method of Handyside and Hunter.  Scales in
cell.  b. Nuclei (arrows) of trophoblast cells at the m
morulae and inner-cell-mass cells of blastocysts (Fig.
1a, b).  Nuclei of living cells were spherical or oval in
blastomeres and cells of all embryos, while those of
dead cells were also stained equally to those of living
cells, none of the nuclei maintained the morphology
described above (Fig. 1a).  Further, nuclei in the
metaphase stage of mitosis had no nuclear envelope in
embryos at any stage, and they appeared irregular in
shape and condensed (Fig. 1b).

Cell number
As shown in Table 1, there were no differences in the

number of round and flattened blastomeres between
par thenogenet ic  and fer t i l ized  embryos  at  the
compacted morula stage.  Both parthenogenetic and
fertilized morulae had no dead round blastomeres.  At
the early blastocyst stage, although no differences were
observed between parthenogenetic and fertilized
embryos in the number  of  inner-ce l l -mass and
trophoblast cells, the number of dead inner-cell-mass
and t rophoblast  cel ls was signi f icant ly more in
parthenogenetic embryos than in fertilized ones.  The
number of inner-cell-mass and trophoblast cells was
fewer in parthenogenetic embryos than in fertilized ones
at the expanded blastocyst stage, while that of dead
inner-cell-mass and trophoblast cells was more in
parthenogenetic embryos than in fertilized ones.

Cell division
There were no differences in the rate of division of

fertilized (b) mouse expanded blastocysts taken after staining
dicate 100 µm.  a. A nucleus (arrow) of dead inner-cell-mass
etaphase stage of mitosis.
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r ound  and  f l a t t ened  b las tomeres  be tween
parthenogenetic and fertilized embryos at the 8-cell and
morula stages (Table 2).  At the early blastocyst stage,
the rate of division in trophoblast cells did not differ
between parthenogenetic and fertilized embryos, but a
significantly lower rate of division in inner-cell-mass
cells was observed in parthenogenetic embryos,
compared with that in fertilized embryos.  No significant
differences were observed in the rate of division of
inner-ce l l -mass and t rophoblast  ce l ls  between
parthenogenetic and fertilized embryos at the expanded
blastocyst stage.

Discussion

A small number of cells at the blastocyst stage is
considered to be a cause of low developmental potency
in parthenogenetic embryos [1, 2, 5, 6, 20, 21], although
it was unclear when the difference in cell number
appeared between parthenogenetic and fertilized
embryos during the course of blastocyst formation.

The present study revealed for the first time that the
number of cells at the morula stage did not differ
between diploid parthenogenetic and fertilized embryos.
The number of cells at the early blastocyst stage also
did not differ between parthenogenetic and fertilized

Table 1. The number of cells in mouse embryos during the course 

Compacted morula Ea

No. of No. of No. of
Embryos round flattened Total inner-cell-

blastomeres blastomeres mass cells

Parthenogenone
6.7 ± 0.40#a 11.3 ± 0.52a 17.9 ± 0.74a 7.9 ± 0.38a 1

(0.0 ± 0.00a) (0.1 ± 0.12a) (0.1 ± 0.12a) (0.4 ± 0.15a) (

Fertilized
6.3 ± 0.39a 11.2 ± 0.52a 17.5 ± 0.66a 8.1 ± 0.37a 1

(0.0 ± 0.00a) (0.2 ± 0.11a) (0.2 ± 0.11a) (0.0 ± 0.00b) (

#Mean ± S.E.  Values of the upper section and values in parenthese
the number of dead cells, respectively; those with different supersc

Table 2. The rate of cell division in mouse embryos during the

8-Cell Compacted morula

Embryos Round Round Flattened
blastomeres blastomeres blastomere

Parthenogenone 6.9 ± 1.68#a 4.4 ± 1.52a 5.1 ± 1.29
Fertilized 7.7 ± 1.69a 5.0 ± 1.83a 6.4 ± 1.92

#Mean ± S.E. (%).  Values with different superscripts in the sam
embryos, but parthenogenetic embryos at the expanded
blastocyst stage were found to have significantly fewer
cells, both trophoblast and inner-cell-mass cells,
compared with fertilized embryos.  Thus it may be said
that the number of cells in diploid parthenogenetic
mouse embryos is equal to that in fertilized embryos
until the blastocyst formation, but becomes different
from that of fertilized embryos during the expansion of
blastocysts.

The rate of cell division determined by the 4 hrs
treatment with vinblastine did not differ between
parthenogenetic and fertilized embryos at the 8-cell,
morula and expanded blastocyst stages (Table 2).  The
rate of division in trophoblast cells of parthenogenetic
blastocysts was also found not to differ from that in
fertilized embryos at the early stage, while the rate of
division in inner-cell-mass cells was significantly lower
in parthenogenetic embryos than in fertilized embryos.
As for the number of dead cells, no difference was
observed between parthenogenetic and fertilized
embryos at the morula stage.  On the other hand, it was
conf i rmed in  the p resent  s tudy that  bo th dead
trophoblast and inner-cell-mass cells were significantly
more in parthenogenetic blastocysts at the early and
expanded stages, compared with fertilized blastocysts.
Hardy  and  Handys ide [21]  repor ted  tha t  dead

of blastocyst formation

rly blastocyst Expanded blastocyst

No. of No. of No. of
trophoblast Total inner-cell- trophoblast Total

cells mass cells cells

4.3 ± 0.73a 22.2 ± 0.98a 11.1 ± 0.52b 32.7 ± 1.86b 43.8 ± 1.96b

0.7 ± 0.17a) (1.1 ± 0.27a) (0.9 ± 0.23a) (1.2 ± 0.24a) (2.1 ± 0.33a)

4.8 ± 0.77a 23.0 ± 0.96a 14.9 ± 0.52a 52.0 ± 2.29a 66.9 ± 1.69a

0.2 ± 0.17b) (0.2 ± 0.17b) (0.3 ± 0.15b) (0.6 ± 0.17b) (0.9 ± 0.21b)

s each represent the total number of living cells and dead cells and
ripts in the same column are significantly different (P<0.05).

 course of blastocyst formation

Early blastocyst Expanded blastocyst

Inner-cell- Trophoblast Inner-cell- Trophoblast
s mass cells cells mass cells cells

a 4.4 ± 1.38b 5.3 ± 1.43a 8.0 ± 1.93a 3.2 ± 0.79a

a 9.7 ± 2.08a 6.0 ± 1.61a 7.4 ± 1.88a 4.1 ± 1.64a

e column are significantly different (P<0.05).
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trophoblast and inner-cell-mass cells in parthenogenetic
blastocysts did not differ in number from those in
fertil ized blastocysts at the early stage, but were
significantly more in parthenogenetic blastocysts at the
expanded stage, compared with fertilized blastocysts.
Thus, there is a discrepancy in the number of dead cells
at the early blastocyst stage between their results [21]
and ours.  Although the reason for this discrepancy
remains obscure, it may be attributable to a difference in
age of the early blastocysts (98 hrs:  Hardy and
Handyside [21] vs. 104 hrs after hCG injection: the
present study) used for observation.  Thus, we assumed
that the discrepancy occurred because blastocysts used
in the present study were about 6 hrs older than those
used by Hardy and Handyside [21].

The results of the present study suggest that the
number of cells in diploid parthenogenetic expanded
blastocysts becomes fewer than that in fert i l ized
embryos  because  more  ce l l s  a re  dy i ng  i n
parthenogenetic embryos during the expansion of
blastocysts.  A low rate of cell division at the early
blastocyst stage is thought to be an additional reason
for the fewer number of inner-cell -mass cel ls in
parthenogenetic embryos at the expanded stage.
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