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Abstract: Bovine zygotes produced by in vitro matura-
tion and fertilization (IVM-IVF) were selected according
to the time of the first cleavage, and their subsequent
developmental ability to the hatched blastocyst-stage and
sex were assessed using conventional in vitro culture
(IVC) conditions and PCR sexing. Of 669 presumptive
zygotes cultured, 124, 227, 88 and 65 cleaving embryos
were selected at 22, 26, 30 and 44 h post insemination
(hpi), respectively. These embryos were transferred into
separate drops of the same medium with cumulus cells
and co-cultured for a total of 10 days. Significant corre-
lation was observed between halching rates and the time
of the first cleavage (P< 0.05): 56.5, 40.1, 21.6 and 4.6%
of embryos cleaved at 22, 26, 30 and 44 hpi were de-
veloped to the hatched blastocyst-stage, respectively. Of
183 hatched blastocysts subjected to PCR for sexing, the
sex of 171 embryos was successfully determined and the
overall sex ratio was 51.5% (88/171). The sex ratios of
early cleaving embryos (22 and 26 hpi) and late cleav-
ing embryos (30 and 44 hpi) were 49.7% (74/149) and
63.6% (14/22), respectively. These ratios were not sig-
nificantly different from the expected ratio of 1:1 and did
not related to the time of the first cleavage. These data
suggest that the interval from insemination to the first
cleavage of embryos generated in vitro strongly affects
their subsequent developmental potential in vitro, but not
the sex difference.

Key words: First cleavage, Hatching, PCR sexing, Bo-
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In early bovine embryos cultured in vitro, it is recog-
nized that there is variation in the stage of development
reached at any one time, even though the sperm pen-
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etration time was accurately controlied using in vitro
fertilization. Several factors including inherent cleavage
rates of the individual embryo, in vitro culture (IVC) con-
ditions for embryos, and sex of the embryo, could
account for the differences in growth rate between em-
bryos. Recent studies [1-3] have shown that a very
early cleavage division of bovine embryos produced by
in vitro maturation and fertilization (IVM-IVF) is crucial
for their subsequent developmental potential in vitro.
Yadav et al. [4] reported that early cleaving embryos
categorized according to the interval from insemination
to completion of their first cleavage, were more likely to
have deveioped to the 8-cell stage or beyond, contained
more cells and were more likely to be male than late
cleaving embryos at 5 days after insemination. Since
the first report on the observation by Tsunoda et al. [5]
in mouse, several studies have reported that male em-
bryos generally develop faster than female embryos at
the blastocyst-stage using cytogenetic analysis [6, 7] or
polymerase chain reaction (PCR) analysis [8] in cattle.
However, only a few reports on the relationships be-
tween hatching and the sex of embryos have been
published [9]. Hatching of embryos is visible sign that
they have overcome the various troublesome aspects
of developmental process, besides marking the begin-
ning of the process leading to implantation.

In this paper, we observed developmental rate to
hatched blastocyst classified according to the time when
they completed their first cleavage, and determined the
sex of these embryos by PCR sexing.

Materials and Methods

Media: The medium used for IVM and IVC was 25
mM HEPES buffered TCM-199 (Sigma Chemical Co.,
St. Lois, MO) supplemented with 5% heat-treated (56°C,
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30 min) calf serum, 0.5 mM sodium pyruvate and antibi-
otics (100 units/ml penicillin and 100 ug/ml streptomycin).
The 400-ul drop of medium in plastic dish (Corning, 35
mm treated polystyrene dish, lwaki Glass, Tokyo) was
overlaid with 5—6 mi of mineral oil (Squibb & Sons Inc.,
Princeton, NJ) and pre-equilibrated overnight at 39°C
under a humidified atmosphere of 5% CO, in air. BO
medium [10] supplemented with 10 ug/ml heparin and 5
mM caffeine was used for sperm washing and IVF. All
media were prepared from fresh ultra-pure water (18
megaohm =) and sterilized by filtration through a 0.22-
um membrane filter before use.

IVM and IVF of oocytes: Bovine ovaries were ob-
tained from a local slaughterhouse and transported to
the laboratory in warm (30-32°C) sterile saline (0.85%
NaCl) with antibiotics in a thermos flask within 1 h of
collection. Follicular contents were aspirated from the
ovaries with a 5-ml disposable syringe with a 20-gauge
needle. Follicular oocytes were collected and washed
in PB1 medium [11] containing 3 mg/ml bovine serum
albumin. Only oocytes with compacted cumulus cells
and an evenly granulated cytoplasm were selected and
cultured in the IVM medium for 24 h. All incubations
throughout this study were performed at 39°C under a
humidified atmosphere of 5% CO, in air. Each droplet
contained approximately 40 cumulus-oocytes complexes.

Sperm were capacitated with heparin and caffeine
using the methods of Niwa and Ohgoda [12], based on
that of Parrish et al. [13], with minor modification. Fro-
zen semen from a fertile Japanese black bull was thawed
in a 37°C waterbath. Spermatozoa were washed twice
by centrifugation and capacitated for a 2-h preincubation
in the 100-ul drop of fertilization medium overlaid with
minera! oil. After IVM of oocytes for 24 h, 10 to 12
cumulus-enclosed oocytes were transferred into the IVF
medium containing capacitated spermatozoa. The time
of the first contact between spermatozoa and oocytes is
referred to as 0 hpi (h post insemination). Following co-
incubation of gametes for 5 hpi, approximately 40
presumptive zygotes (indistinguishable from unfertilized
oocytes at this stage) together with attached cumulus
cells were transferred into the original culture medium
that had been used for IVM.

IVC of embryos: At 22 hpi, oocytes/embryos were
manually stripped from their cumulus cells using a finely
drawn pipette and the proportion of 2-cell stage em-
bryos was examined at 22, 26, 30 and 44 hpi. Embryos
that had developed to the 2-cell stage at each time
were removed from the original co-culture medium and
transferred into the separate 400-ul drop of the same
medium containing of cumulus cell masses that had

been previously isolated from 40 cumulus-oocytes com-
plexes. Under these conditions, cumulus cells formed a
monolayer on the surface of the culture dish. Care was
taken to perform all manipulations of embryos as quickly
as possible at an ambient temperature of 30-32°C.
Embryos divided into four groups according to the time
of the first cleavage were co-cultured with cumulus cells
for a total of 10 days. Oocytes which had not devel-
oped to the 2-cell stage at 44 hpi were not included in
this study, since these oocytes were assumed to be
unfertilized or developmentally incompetent.

The developmental stages of embryos in co-culture
were evaluated morphologically at 12-h intervals be-
tween 164 hpi and 248 hpi. Embryos classified as being
at the hatched blastocyst-stage at each time were re-
moved from co-culture medium, washed 3 times in fresh
PB1 medium containing 3 mg/ml polyvinylpyrrolidone
and directly subjected to PCR for sexing with an ex-
tremely small amount (< 5 ul) of PB1 medium.

Primers and PCR amplification: Oligonucleotide PCR
primers were synthesized by an automatic synthesizer
(Applied Biosystems, model 391). Two pairs of primers
for bovine male specific (5'-TGGACATTGCCAC
AACCATT-3' and 5'-GCTGAATGCACTGAGAGAGA-3')
and bovine gender-neutral (5'-GCCCAAGTTGCTAA
GCACTC-3' and 5'-GCAGAACTAGACTTCGGAGC-3')
were designed from the sequences of p7-1-a and pMF-
3, respectively [14].

Conditions for PCR amplification were similar to those
described previously [9, 15]. The PCR mixture con-
tained 79.5 ul of distilled water, 10 ul of 10 x PCR
buffer (100 mM Tris-HCI (pH 8.9), 15 mM MgCl,, 800
mM KCI, 1% sodium cholate, 1% Triton X-100), 1 ul of
5 mM dNTPs, 0.5 ul of Tth DNA polymerase (4 u/ul,
Toyobo) and 1 ul of each primer (20 pM/ul). Samples
were amplified using a DNA thermal cycler (Perkin Elmer
Cetus) for 50 cycles at the following temperatures: de-
naturation; 94°C, 1 min, annealing; 60°C, 1 min,
extension; 72°C, 1 min. In the first cycle, denaturation
was at 94°C for 4 min. Ten ul of PCR products were
evaluated by electrophoresis in 3% NuSieve 3:1 agar-
ose gel in a Tris-borate-EDTA buffer and staining in
ethidium bromide to determine the size of the amplified
fragments. DNA bands were photographed under UV
light.

Statistical analysis: The chi-square test was used to
assess the significance of differences between 2 dis-
crete set data and comparisons of observed sex ratios
with the expected ratio of 1:1. The probability of less
than 0.05 was considered significant.



Results

As shown in Table 1, out of 669 presumptive zy-
gotes matured and fertilized in vitro in seven replicate
trials, a total of 504 (75.3%) 2-cell embryos were se-
lected until 44 hpi. The peak for 2-cell embryos selected
was at 26 hpi. Most zygotes underwent the first cleav-
age between 22 and 30 hpi. The remaining 165
uncleaved oocytes at 44 hpi were not evaluated any
further.

When developmental rates to the blastocyst-stage
(before hatching) were evaluated at 176 hpi, 57.3, 38.8,
25.0 and 6.2% of embryos cleaved at 22, 26, 30 and 44
hpi were developed to the blastocyst-stage, respectively.
Significant correlation was observed between develop-
mental rates and the time of the first cleavage (P<0.05).

Table 1 also presents the percentages of 2-cell em-
bryos that developed to the hatched blastocyst-stage
during observation period. The overall rate of embryos
that developed to the hatched blastocyst-stage was
36.3%. However, hatching rates of embryos that un-
derwent the first cleavage at 22, 26, 30 and 44 hpi were
56.5, 40.1, 21.6 and 4.6%, respectively. Statistical dif-
ferences in the hatching rate could be shown between
each group associated with the first cleavage (P<0.05).
More than 85% of total hatched blastocysts were de-
rived from the 2-cell embryos selected at as early as 26
hpi. Early cleaving embryos (22 and 26 hpi) were more
likely to be faster than late cleaving embryos (30 and 44
hpi) in the first occurrence and peak for embryos hatched
from the zona pellucida.
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Of 183 hatched blastocysts subjected to PCR sex-
ing, the sex of 171 (93.4%) embryos was successfully
determined. Twelve embryos not determined the sex
may have been due to a technical error in incorrect
temperature set at PCR amplification by thermal cycler.
However, there was no preferential loss of one time of
selection of 2-cell embryos, nor one time of develop-
ment to the hatched blastocyst-stage.

The number and distribution of 171 sex-determined
embryos are presented in Table 2. The overall sex
ratio (the number of male embryos/the number of em-
bryos sexed) was 51.5% (88/171), which did not differ
significantly from the expected ratio of 1:1. The sex
ratios of early cleaving embryos (22 and 26 hpi) and
late cleaving embryos (30 and 44 hpi) selected accord-
ing to the time of the first cleavage were 49.7% (74/
149) and 63.6% (14/22), respectively. These ratios were
not significantly different from the expected ratio and
did not related to the time of the first cleavage. Alterna-
tively, the sex ratios of embryos divided into three groups
according to the timing of hatching, were 60.3% (38/
63), 46.8% (22/47) and 45.9% (28/61) at the fast (176—
200 hpi), intermediate (212 hpi) and slow (224—248 hpi)
groups, respectively. These ratios were also not signifi-
cantly different from the expected ratio of 1:1.

Discussion

The data presented here confirm and extend the con-
cept that a very early cleavage division of bovine
embryos produced by IVM-IVF is crucial for their subse-
quent developmental potential in vitro [1-3]. However,

Table 1. Development to the hatched blastocysts by 2-cell embryos selected at various times after insemination of 669

oocytes matured in vitro

Time of selection  No. of 2-cell No. (%) of hatched blastocysts developed at (hpi)
of 2-cell embryos  embryos 176 188 200 212 224 236 248 Total
22 hpi 124 1 17 19 13 12 5 3 70
(0.8) (13.7) (15.3) (10.5) 9.7) (4.0) 2.4) (56.5)
26 227 1 8 16 31 17 11 7 91
(0.4) (3.5) (7.0) (13.7) (7.5) (4.8) (3.1 (40.1)®
30 88 0 0 4 5 6 3 1 19
0.0) (0.0) (4.5) (5.7) (6.8 (3.4) (1.1) (21.6)¢
44 65 0 0 1 1 0 1 0 3
(0.0) (0.0 (1.5) (1.5) 0.0) (1.5) 0.0) (4.6)d
Total 504 2 25 40 50 35 20 11 183
(0.4) (5.0) (7.9) (9.9) (6.9) (4.0) (2.2) (36.3)

Percentage of 2-cell embryos developing to hatched blastocysts.
a-dValues with different superscripts are statistically different (P<0.05).
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Table 2. Distribution of 171 sex-determined hatched blastocysts by 2-cell embryos selected at various times

after insemination

Time of selection

_No. of hatched blastocysts determined sex at (hpi)

of 2-cell embryos Sex 176 188 200 212 224 236 248 Total
22 hpi Male 1 9 11 4 5 2 1 33
Female 0 7 8 8 5 3 2 33
(%) (100) (56.3) (57.9) (33.3) (50.0) (40.0) (33.3) (50.0)
26 Male 1 4 9 13 6 4 4 41
Female 0 3 5 16 10 5 3 42
(%) (100) (57.1) (64.3) (44.8) (37.5) (44.4) (57.1) (49.4)
30 Male 2 4 4 1 1 12
Female 2 1 2 2 0 7
(%) (50.0) (80.0) (66.7) (33.3) (100} (63.2)
44 Male 1 1 0 2
Female 0 0 1 1
(%) (100) (100) (0.0) (66.7)
Total Male 2 13 23 22 15 7 6 88
Female 0 10 15 25 17 11 5 83
(%) (100) (56.5) (60.5) (46.8) (46.9) (38.9) (54.5) (51.5)

the time chosen for the selection of 2-cell embryos ex-
pected to be developmentally competent, were somewhat
different between our observation and others [1, 3]. Al-
though the in vivo data on these subjects are limited
[16—-18], the time required for progression of the first
cleavage is between 23 and 31 h after fertilization. As
the early portion in fertilization events include sperm
capacitation, penetration and decondensation of sperm
head, and activation and resumption of miosis of oo-
cytes, Barnes and First [19] point out that the duration
of the first cell cycle is 20-24 h, when time of the sec-
ond polar body extrusion is considered to be the start of
a true cell cycle. Therefore, we could presume that the
most of early cleaving embryos selected at 22 and 26
hpi in this study have resulted from normal fertilization
and cleavage. On the other hand, slow cleaving em-
bryos selected 30 and 44 hpi are partly due to inadequate
sperm-oocytes interaction under a suboptimal condition
of IVF. A large variation has been seen for sperm
capacitation and penetration of oocyte obtained when
using different bull sperm [20, 21] and for environmental
influences such as change of condition of atmosphere
and temperature during embryo manipulation [19, 22].
In respect of the normalcy of 2-cell embryos pro-
duced by IVM-IVF, lwasaki et al. [23, 24] reported that
chromosomal anomalies were observed in 12.1-21.7%
of 2-cell embryos obtained at 24-28 hpi and postulated
that these anomalies were caused by abnormal fertiliza-
tion, especially by polyspermy, and abnormal cleavage.
We are inclined to consider that a high incidence of

chromosomal abnormalities occurs in slow cleaving em-
bryos compared to fast cleaving embryos, as suggested
by Yadav et al. [4].

The progressive development of early cleaving em-
bryos is also comparable to that observed in vivo [25],
as most of development to the hatched blastocyst-stage
were observed between 188 and 212 hpi. Therefore,
the difference in the development to the hatched blasto-
cyst-stage between early and late cleaving embryos in
this study may be related to the quality of the embryo
itself.

Taken together, these findings suggest that it is im-
portant to obtain homologeneous embryos of high quality
in order to get a predictable development. As the differ-
ences in early development resulted in variation in later
development, heterogeneous quality of embryos pro-
duced by IVM-IVF may lead to some erroneous
conclusions in the studies on the gene expression of
early development. The importance of the uniformity of
the developmental competence of bovine embryos pro-
duced by IVM-IVF-IVC should be emphasized.

In this study, the sex of hatched blastocysts was
determined by using PCR. As this technology allows
the sex of nearly all embryos to be determined [15, 26],
it would be useful for investigating the sexual differ-
ences in the early developmental process [8, 9]. Overall
sex ratio of 51.5% was not significant from the expected
ratio of 1:1 and consistent with our previous results [9].
Several reports also revealed that overall sex ratio of
bovine embryos produced both in vivo [27, 28] and in



vitro [28, 29] did not significantly differ from the ex-
pected ratio.

Our observation indicate that the sex ratio of fast-
hatching blastocysts (176—200 hpi) was shifted to male
(60.3%), although there was no significantly difference
from the expected ratio. These data are in agreement
with our previous report [9] in respect of timing of hatch-
ing. The sex ratios of both early and late cleaving
embryos selected according to the time of the first cleav-
age were not significantly different from the expected
ratio, suggesting no correlation between the sex of em-
bryos and the early cleavage division. Xu et al. [7]
presented evidence that male embryos develop to more
advanced stages than do females during the first 8 days
after insemination in vitro and suggested that sex-re-
lated gene expression affects the development of
embryos soon after activation of the embryonic genome.
However, Yadav et al. [4] reported that embryos in the
early cleaving at 24-30 hpi were more likely to be male
at 5 days after insemination. Several factors could ac-
count for the discrepancies, including the time chosen
for the selection of 2-cell embryos, the subsequent cul-
ture period, successful rate of sex analysis of embryos
and the use of one particular bull. On the basis of
these results, future experiments would be necessary to
determine the sex of embryos that had reached around
the 8—16 cell stage soon after activation of the embry-
onic genome, since we have no direct evidence of the
sex of embryos arrested the development before hatch-
ing during culture period.
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