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Abstract: The process of early development in diploid
parthenogenetic mouse embryos from the 2-cell to the
blastocyst stages was observed by time-lapse
videomicrography, and was compared with that in fertil-
ized embryos. Parthenogenetic 2-cell embryos cleaved
and developed to 8-cell embryos after 23.0 hrs of cul-
ture. Transformation of blastomeres occurred at the
8-cell stage: namely, outer blastomeres were flattened.
The embryos compacted at the morula stage, and then
developed to blastocysts after 54.0 hrs of culture. A slit
in the zona pellucida was formed 42.7 hrs after biasto-
cyst formation, and trophectoderm cells protruded out of
the zona pellucida through the siit. Protrusion of trophec-
toderm cells from the zona pellucida could arise from
either side, polar trophectoderm or mural trophectoderm.
After 7.0 hrs, the blastocysts completely escaped from
the zona pellucida in either state, expansion or contrac-
tion. Fertilized 2-cell embryos showed morphological
changes similar to those of parthenogenetic embryos and
developed to blastocysts after 51.9 hrs of cuilture. Fer-
tilized blastocysts took a significantly shorter time, 31.1
hrs, to start hatching, but required a significantly longer
time, 23.8 hrs, to comnplete hatching, compared with par-
thencgenetic blastocysts. Hatching patterns of fertilized
blastocysts were consistent with those of parthenogenetic
biastocysts, except that hatching began with protrusion
of trophectoderm cells from small holes in zonae pelfu-
cidae of fertilized blastocysts. From-these results, it was
confirmed that the developmental ability of early diploid
parthenogenetic embryos prepared by the treatment with
ethanol and cytochalasin B is comparable to that in fer-
tilized embryos.
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Parthenogenesis is the phenomenon in which an co-
cyte begins to develop by activation without sperm
penetration. Artificial induction of this phenomenon is
thought to be useful in clarifying the mechanisms of
oocyte activation and to investigate the role of sperm in
embryo development [1]. Although parthenogenetic em-
bryos are prepared in many mammals by various
methods, all attempts to obtain newborns from such
embryos have failed [1, 2].

It has also been reported that parthenogenetic em-
bryos have a low potential of development in vitro [1,
3-5]. Namely, parthencgenetic embryos are known to
cleave at a slower rate, compared with fertilized em-
bryos, regardless of the methods employed to prepare
them. Therefore, it is inferred that the process of early
development differs between parthenogenetic embryos
and fertilized embryos. Recently, ethanol treatment has
been widely used to prepare parthenogenetic embryos
[6—11], but there have been no reports with regard to
the process of early development in those embryos.

In the present study, therefore, developmental
changes in morphology and size and time required for
development from the 2-cell stage to the blastocyst
stage were observed in parthencgenetic mouse em-
bryos by time-lapse videomicrography, and the results
were compared with those obtained from fertilized em-
bryos.

Materials and Methods

Animals

Ninety-five mature female mice of the ICR strain used
in the present study were kept in a room at 24°C and
fed ad fibitum. They were superovulated with 5 i.u.
PMSG (Serotropin, Teikoku Hormone Manufacturing Co.
Ltd., Japan), and with 5 i.u. hCG (Gonatropin, Teikoku
Hormone Manufacturing Co. Ltd.} injected 48 hrs later.



About one third of the superovulated female mice were
mated with ICR males of proven fertility.

Preparation of 2-cell embryos

To induce parthenogenesis, unfertilized cocytes re-
covered from superovulated female mice at 14 hrs after
the hCG injection were immersed in M2 medium [12]
containing 100 uM EDTA-2Na (EDTA-M2 medium) and
7% ethanol for 7 min at room temperature, and then
they were transferred into EDTA-M2 medium containing
cytochalasin B (Sigma Chemical Co., USA} at 5§ ug/ml
for 6 hrs at 37°C. The treated oocytes were immersed
in EDTA-M2 medium containing 0.1% hyaluronidase
(Sigma Chemical Co.) to remove the cumulus cells, and
then they were cultured in EDTA-M2 medium for 22 hrs
in a CO, incubator (5% CO, in air) at 37°C.

As controls, sperm-penetrated oocytes were collected
from superovulated and mated female mice at 14 hrs
after the hCG injection, and cultured in EDTA-M2 me-
dium for 28 hrs.

Observation of early development

The process of early development was observed in
both parthenogenetic 2-cell embryos and fertilized ones
cultured in M16 medium [13] using a CO, culture cham-
ber (8K-1, Sankei, Japan; CO, 5% in air) equipped with
an inverted microscope (DIAPHOT, Nikon Corporation,
Japan). The changes in morphology and diameter of
cultured embryos and the time intervals of their devel-
cpmental events were examined on the images which
were taken by a CCD color camera {Hitachi Electronic
Co., Japan) connected to an inverted microscope and a
time-lapse video cassette recorder (Victor Co., Japan).
The analyses were done during the period from the 2-
cell stage to completion of blastocyst hatching.

Slatistical analysis

Statistical analysis of the time intervals of develop-
mental events and diameters of embryos was performed
using one-way analysis of variance. The number of
blastocysts with different hatching patterns was statisti-
cally analyzed by Chi-square test.

Results

Process of early development and time required for
development in parthenogenetic and fertilized embryos
in the developmental process of 17 parthenogenetic
embryos which completed hatching, the embryos at the
2-cell stage (Fig. 1-a) developed into the 3-cell stage
(Fig. 1-b) after 11.0 hrs of culture, the 4-cell stage (Fig.
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1-c) after 11.8 hrs, the 5-cell stage (Fig. 1-d) after 21.0
hrs, the 6-cell stage {Fig. 1-e) after 21.7 hrs, the 7-cell
stage after 22.3 hrs, and into the B-cell stage (Fig. 1-f)
after 23.0 hrs. These 8-cell embryos were composed of
only round blastomeres. The transformation of blas-
tomeres, flattening of outer blastomeres, occurred at the
8-cell stage (Fig. 1-g). The embryos compacted at the
morula stage (Fig. 1-h), and then formed a cavity and
developed into the blastocyst stage (Fig. 1-i) after 54.0
hrs of culture (Table 1). The blastocysts repeated con-
traction and expansion (Fig. 2-a) during the expanded
blastocyst stage from 7.0 hrs after biastocoel formation.
A relatively large-sized slit was formed in the zona pellu-
cida by expansion of embryos 42.7 hrs after blastocoe!
formation. Trophectoderm cells of the blastocysts pro-
truded out of the zona pellucida through the slit (Fig. 2-b,
Table 1), and the blastocysts started hatching. Protru-
sion of trophectoderm cells from the zona pellucida could
arise from either mural trophectoderm or polar trophecto-
derm, but more often from the mural trophectoderm (77%,
Fig. 2-b). In blastocysts starting hatching, trophectoderm
continuously escaped from the zona pellucida (Fig. 2-¢),
and hatching was completed after 7.0 hrs {Fig. 2-d, Table
1). Blastocysts completed hatching in either state, ex-
pansion or contraction (Fig. 2-d), but more often in
expansion {53%). None of parthenogenetic blastocysts,
in which protrusion had occurred from the polar trophec-
toderm, completed hatching in the state of contraction.
in the developmental process of 10 fertiiized embryos
which completed hatching, the embryos at the 2-cell stage
developed into the blastocyst stage through a process
similar to that of the parthenogenetic embryos. Namely,
2-cell embryos developed to 8-cell embryos composed of
only round blastomeres after 28.9 hrs of culture, and the
outer blastomeres of the embryos became flattened at
the 8-cell stage. The embryos compacted at the morula
stage, and developed to blastocysts after 51.9 hrs of
culture (Table 1). The time needed to reach each stage
from the 3-cell stage until the morula stage did not differ
between parthenogenetic and fertilized embryos. The
blastocysts derived from fertilized cocytes repeated con-
traction and expansion during the expanded blastocyst
stage from 6.2 hrs after blastocoel formation. Differing
from parthenogenetic blastocysts, a small hole formed in
the zona pellucida, and the blastocysts began to hatch
by protruding a portion of trophectoderm celis through
the hole (Fig. 2-e). The time until the onset of hatching
after blastocoel formation was significantly shoster in fer-
tilized blastocysts (31.1 hrs) than in parthenogenetic
blastocysts (42.7 hrs, Tabie 1). Protrusion of trophecto-
derm cells from the hole in the zona pellucida occurred in
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Fig.1. Time-lapse videomicrographs showing the early development of a parthenogenetic mouse
embryo (arrows) from the 2-cell stage to the blastocyst stage. x 200. (a) 2-Cell embryo. (b)
3-Cell embryo. (c) 4-Cell embryo. (d) 5-Cell embryo. (e) 6-Cell embryo. (f) 8-Cell embryo
composed of only round blastomeres. (g) Transformed 8-cell embryo. Quter blastomeres
were flattened. (h) Compacted morula. (i) Early blastocyst with a small cavity.

Table 1. Time intervals of developmental events in mouse embryos

From the b]astocyst From theonsetto  Total (From the 2-cell
formation to completionof  stage to the completion
blastocyst hatching  blastocyst hatching  of blastocyst hatching)

"No. of No. of From the 2-cell
Embryos embryos  observations  stage to blastocyst
examined repeated formation
Parthenogenone 17 11 54.0 £ 2.0 hrs*
Fertilized 10 4 51.9 + 1.3 hrs?

42.7 £ 2.5 hrs® 7.0+ 1.6 hrsb 103.8 + 2.5 hrs?
31.1 £ 4.6 hrst 23.8 £ 5.2 hrs? 106.8 £ 2.4 hrs?

*Mean + S.E. The numbers with different superscripts within the same column are significantly different (P<0.05).

either polar trophectoderm or mural trophectoderm, but
more often in the mural trophectoderm (80%, Fig. 2-e).
Trophectoderm continuously escaped from the zona pel-
lucida and the blastocyst completed hatching. Hatching

was completed in the state of expansion in 9 blastocysts
(90%, Fig. 2-f) and in the state of contraction in 1 blasto-
cyst (10%). None of the blastocysts, in which protrusion
had occurred from the polar trophectoderm, completed
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Time-lapse videomicrographs showing the process of hatching of parthenogenetic and fertilized mouse

blastocysts (arrows). x 200. (a) An expanded parthenogenetic blastocyst. (b) A parthenogenetic blastocyst
at the onset of hatching. A slit (arrowhead) was formed in the zona pellucida facing the mural trophecto-
derm. (c) A parthenogenetic blastocyst during hatching. Mural trophectoderm cells protruded out of the
zona pellucida through the slit. (d) A parthenogenetic blastocyst at the completion of hatching. The embryo
completed hatching in a state of contraction. (e) A fertilized blastocyst at the onset of hatching. A small hole
(arrowhead) was formed in the zona pellucida facing the mural trophectoderm. (f) A fertilized blastocyst at
the completion of hatching. The embryo completed hatching in a state of expansion.

Table 2. Changes in diameters of mouse embryos during early development

Developmental stages

Embryos No. of embryos Blastocyst
examined 2-Cell 4-Cell 8-Cell Morula Al the time At the time
of formation  of hatching
Parthenogenone 17 924+ 12 um* 9352 1.0um* 935+ 1.0um? 932+1.0um* 950+ 1.0um* 1309+ 2.5 pm?
Fertilized 10 907 +08um* 915+11 um? 90.8+ 1.1 um* 90.6+0.9um® 91.0+14 umb  108.1 £ 3.3 umb

*Mean + S.E. The numbers with different superscripts within the same column are significantly different (P<0.05).

hatching in a state of contraction. The time needed to
complete hatching was significantly longer (23.8 hrs, Table
1) than that of parthenogenetic blastocysts. The ratio of
blastocysts hatching from the polar trophectoderm to those
from the mural trophectoderm and the ratio of blasto-
cysts completing hatching in expansion to those in
contraction did not significantly differ between partheno-
genetic and fertilized blastocysts.

Size of diameters in parthenogenetic and fertilized
embryos

Developmental changes in the diameters of parthe-
nogenetic and fertilized embryos, including the zona
pellucida, are shown in Table 2. Although the diam-
aters did not differ between parthenogenetic and fertilized
embryos until the morula stage, parthenogenetic blasto-
cysts were significantly larger than fertilized blastocysts.
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Discussion

The process of early development was observed in
parthenogenetic embryos prepared by treatment with
ethano! and cytochalasin B, using time-lapse
videomicrography in the present study. It was confirmed
for the first time that morphological changes from 2-cell
embryos until blastocoel formation and the time needed
for such development did not differ between partheno-
genetic and fertilized embryos. In the fertilized embryos
of the present study, it was also confirmed that morpho-
legical changes until blastocoel formation and the
diameters of the blastocyst stage are consistent with
those of previous reports with fertiized mouse embryos
[14-17].

It is generally accepted that blastocyst hatching be-
gins with regional dissolution of the zona pellucida by a
trypsin-like enzyme synthesized in trophectoderm cells
[2, 18]} and protrusion of trophectederm cells out of the
zona pellucida through the dissolved hole [19-21]. And
then a slit is formed in the zona pellucida from the hole
by enlargement of the protruding trophectoderm or by
blastocyst expansion {19-21]. After that, the blastocyst
repeats active contractions, leading to the enlargement
of the slit, and then escapes from the zona pellucida
[19-21]. The hatching mode of fertilized blastocysts in
the present study did not differ from that of fertilized
blastocysts in previous reports [19-21]. On the other
hand, the mode of initiation of hatching in parthenoge-
netic blastocysts observed in the present study differed
from that of fertilized blastocysts; namely, it was clari-
fied that a slit appeared in the zona peliucida, and
trophectoderm cells protruded from the slit to start hatch-
ing. Ethanol treatment used to induce parthenogenesis
has been confirmed in mice to reduce the solubility of
the zona pellucida to a-chymotrypsin [22]. Therefore,
the zona pelluéida of parthenogenetic embryos observed
in the present study would also be hardened. This
seems to explain the longer time until the onset of hatch-
ing and different initial mode of hatching in
parthenogenetic blastocysts, compared with fertilized
blastocysts. The longer time until the start of hatching
was thought to be a cause of the larger diameters in
parthenogenetic blastocysts. The time taken to complete
hatching was significantly shorter in parthenogenetic
blastocysts than in fertilized blastocysts in the present
study. The shorter time observed in parthenogenetic
blastocysts was thought to be due to the direct forma-
tion of a relatively large-sized slit in the zona pellucida
without hole formation.

It was also confirmed in parthenogenetic blastocysts
that protrusion of trophectoderm cells from the zona
pellucida, which represents the onset of hatching, can
occur from either polar or mural trophectoderm, and
hatching can be completed in either a state of contrac-
tion or expansion. The incidence of parthenogenetic
blastocysts showing each one of the above hatching
patterns in each hatching stage was also confirmed to
be comparabie to that of fertilized blastocysts.

in the present study, the diameter of parthenoge-
netic blastocysts at the time of blastocoel formation was
found to be larger than that of fertilized blastocysts.
This seemed to be related to the longer time needed by
parthenogenetic embryos to develop to blastocysts, al-
though no significant difference was detected between
parthenogenetic and fertilized embryos.

References

1) Whittingham, D.G. (1980): Parthenogenesis in mam-
mals. In: Oxford Reviews of Reproductive Biology
(Finn, C.A., ed.), 2nd ed., pp. 205-231, Clarendon
Press, Oxford.

2) Hogan, B., Beddington, R., Costantini, F. and Lacy,
E. (1994): Summary of mouse development, In: Ma-
nipulating the Mouse Embryo, 2nd ed., pp. 19-113,
Cold Spring Harbor Laboratory Press, New York.

3) Kaufman, M.H. and Sachs, L. (1976): Complete pre-
implantation development in culture of parthenoge-
netic mouse embryos. J. Embryol. Exp. Morph., 35,
179-190.

4) Kaufman, M.H. (1981} Parthenogenesis: a system fa-
cilitating understanding of factors'that influence early
mammalian development. Prog. Anat., 1, 1-34.

5) Niimura, S. (1997): Morphological and histochemical
characteristics of parthenogenetic embryos. J. Mamm.
Ova Res., 14, 109-116.

6) Kaufman, M.H. (1982): The chromosome complement
of single pronuclear haploid mouse embryos follow-
ing activation by ethanol treatment. J. Embryol. Exp.
Morph., 71, 139~154.

7) Surani, M.A.H., Barton, S.C. and Norris, M.L. (1984):
Development of reconstituted mouse eggs suggests
imprinting of the genome during gametogenesis. Na-
ture, 308, 548-550.

8) O'Neil, G.T. and Kaufman, M.H. (1989): Cytogenetic
analysis of ethanol-induced parthenogenesis. J. Exp.
Zool., 249, 182-192.

9) Ryan, J.P., Waite, K.M. and Catt, J.W. (1994): Me-
tabolism of energy substrates following fertilization
or parthenogenetic activation of mouse ococytes.
Theriogenology, 41, 288. '

10). Niimura, S. and Asami, T. (1996): Ultrastructure of
parthenogenetic mouse blastocysts. Jpn. J. Fertil.
Steril., 41, 186-190.



11

12)

13}

14)

15)

16)

Niimura, S. and Asami, T. {1897): A histochemical
study of the steroid metabolism in parthenogenetic
mouse blastocysts. J. Reprod. Dev., 43, 251-256.
Fulton, B.P. and Whittingham, D.G. (1978): Activa-
tion of mammalian oocytes by intracellular injection
of calcium. Nature, 273, 149-151.

_Whittingham, D.G. (1971); Culture of mouse ova. J.

Reprod. Fert. Supple., 14, 7-21.

Borghese, E. and Cassini, A. (1963): Cleavage of mouse
egg. In: Cinemicrography in Cell Biology (Rose, G.G.,
ed.), pp. 263-277, Academic Press, New York and
London.

Pratt, HP.M., Bolton, V.N. and Gudgeon, K.A. (1983):
The legacy from the oocyte and its role in controlling
early development of the mouse embryos. CIBA
Found. Symp., 98, 197-227.

Hurst, P.R. and MacFarlane, D.W. (1981); Further
effects of nonsteroidal anti-inflammatory compounds
on blastocyst hatching in vitro and implantation rates
in the mouse. Biol. Reprod., 25, 777-784.

18)

19)

20)

21)

22)

Niimura, et al. - 129

Kawai, Y., Yoshida, A., Nakagawa, S., Hama, T. and
Mayumi, T. (1893): Effect of bredinin on early embry-
onic development in mice, Biol. Pharm. Bull,, 16, 133—
136.

Perona, R.M. and Wassarman, P.M. (1986): Mouse
blastocysts hatch in vitro by using a trypsin-like pro-
teinase associate with cells of mural trophectoderm.
Dev. Biol.,, 114, 42-52.

Orsini, W.M. and McLaren, A. (1867). Loss of zona
pellucida in mice, and the effect of tubal ligation and
ovariectomy. J. Reprod. Fert., 13, 485-499.

McLaren, A. (1970): The fate of zona pellucida in mice.
4. Embryol. Exp. Morph., 23, 1-19.

Niimura, S. and Fujii, M. (1997): A morphological
study of blastocyst hatching in the mouse and rat. J.
Reprod. Dev., 43, 295-302.

Gulyas, B.J. and Yuan, L.C. (1985): Cortical reaction
and zona hardening in mouse oocytes following expo-
sure to ethanol. J. Exp. Zool., 233, 269-276.



