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- Development of mammalian embryos in vitro is functionally and temporally inferior
to embryo development as it occurs inside the female reproductive tract. The deficien-
cies of cultured embryos range from slow cleavage rates to complete developmental ar-
rests or blocks, occurring at particular stages in many species. A variety of approaches
have been used to overcome the blocks, including most extensively the coculture of
preimplantation embryos with various somatic cells. However, even with coculture, de-
velopment of embryos in vitro is still not equivalent to that in vivo. In most laborato-
ries, only 25-40% of inseminated oocytes develop into morulae and blastocysts in spite
of numerous variations on the basic technique. A better understanding of the factors
governing embryonic growth is required before we can hope to achieve results compar-
able with those occurring in vivo.
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Introduction

As pointed out by Kane et al. (1992), the pre-
implantation mammalian embryo is a fasci-
nating biological entity: It contains the entire
genomic information for the development of
the adult animal. At the stage of transition
from morula to blastocyst, it begins the com-
plex process of differentiation leading to the
formation of the adult animal. At the blasto-
cyst stage it becomes capable of rapid growth,
and in spite of the fact that it is foreign tissue,
it escapes rejection by the maternal immune
system.

Our knowledge of how to control preimplan-
tation embryo development and growth is de-
ficient in many aspects as evidenced by the
great difficulty there is in growing embryos of
many species in vitro while maintaining viabil-
ity. However, with the advent of in vitro em-
bryo production technology and the relatively
unlimited supply of raw material, it is now
possible to produce embryos in large numbers
for research purposes.

In vitro embryo production

The techniques for producing bovine embryos
from oocytes aspirated from slaughterhouse
ovaries are now well established. However,
the process is inefficient. At present, rates of
bovine in vitro maturation (IVM) are high, as
measured by attainment of metaphase II
(MII) and in vitro fertilization (IVF) success
(285% develop to 2-cell stage). However,
post-fertilization development of IVM/IVF
ova is generally low, usually resulting in a
yield of about 30-50% morulae/blastocysts
and 20-40% blastocysts calculated as a pro-
portion of all oocytes cultured (Pollard et al.
1989, Jiang et al. 1990, Kajihara et al. 1990,
Younis & Brackett 1990). It would appear that
not all selected oocytes are fully capable of re-
sponding to the in vitro maturation conditions
imposed upon them. The shortfall in develop-
mental ability is most likely due to inadequa-
cies in cytoplasmic maturation, a parameter
which can not be routinely assessed after
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IVM, unlike the nuclear status of the oocyte.
As pointed out by Rose & Bavister (1992), in-
adequate oocyte maturation could underlie
failure to cleave or abnormal embryo devel-
opment. Although transfer of IVM/IVF em-
bryos have produced live offspring, for practi-
cal reasons, a relatively small number of
highly selected embryos are transferred, and
the viability of the majority of embryos is un-
known. The intrinsic viability of in vitro-pro-
duced bovine embryos appears to be inferior
to those developed in vivo, as indicated by re-
duced cell numbers and poor survival follow-
ing cryopreservation.

The following literature review is intended to
give the reader some background information
on the area of growth and differentiation in
the preimplantation embryo, with the empha-
sis being placed on early bovine embryonic
development.

From one-cell to blastocyst

Resumption and completion of meiosis

The meiotic cycle of mammalian oocytes is ar-
rested during primordial development in pro-
phase of the first meiotic division (G2 of the
cell cycle) (Motlik & Kubelka 1990). The large
prophase nucleus (germinal vesicle) is diploid
but 4C with regard to DNA content (i.e. 4
times the haploid DNA complement). The re-
sumption and subsequent completion of the
first meiotic division (i.e. progression from
prophase I to metaphase II) is crucial for the
maturation of the oocyte and is characterized
by the extrusion of the first polar body, the re-
duction in DNA content from 4C to 2C (i.e.
twice the haploid DNA complement), and the
formation of a secondary oocyte. Sperm pen-
etration of the oocyte results in the morpho-
logical and molecular changes that initiate the
transition from a meiotic to a mitotic cell cycle
by triggering the progression from metaphase
II to anaphase II, with subsequent ejection of
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the second polar body and the establishment
of a haploid maternal chromosomal comple-
ment. A diploid state is then re-established
upon union of maternal and paternal chromo-
somes prior to first cleavage.

Early development

The early preimplantation period of em-
bryonic life encompasses a number of signifi-
cant events including: initiation and continua-
tion of cleavage, activation of the embryonic
genome, aggregation and compaction of the
blastomeres, differentiation of the trophecto-
derm (TE) and inner cell mass (ICM), forma-
tion and expansion of the blastocoelic cavity,
hatching from the zona pellucida, and in many
species, extensive growth.

The transition of the mammalian embryo
from a single cell to a multicellular blastocyst
having 2 distinct cell compartments, the inner
cell mass and the trophectoderm is a complex
process. The one-cell mammalian embryo is a
relatively large cell whose size varies with the
species from about 70pm to 140um. Following
fertilization, the first morphologically visible
event in the preimplantation development is
the initiation of cleavage, consisting of a series
of cell divisions which progressively reduce
cell size and the cytoplasmic nuclear ratio to
that of a normal somatic cell (Kane 1990).
Compaction of the blastomeres is a funda-
mental event in the development of the mam-
malian embryo involving the formation of
tight junctions between adjacent blastomeres
(Dubicella & Anderson 1975). This process
occurs at a certain time after fertilization (at
the 32-64 cell stage in the bovine) and results
in the loss of observable cell boundaries (Du-
bicella & Anderson 1975). Apart from being a
prerequisite for the proper morphogenetic
formation of the blastocyst (Hyafil et al
1980), compaction also provides a visible sign
that the embryo has overcome the in vitro 8-
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to 16-cell block (see below). The first cell dif-
ferentiation occurs at the blastocyst stage with
the development of the TE and ICM and the
formation of a fluid-filled cavity, or blasto-
coel. The blastocoel arises from the presence
of an ionic gradient formed between the out-
side and the inside of the blastocyst leading to
the osmotic accumulation of fluid inside the
embryo in intercellular spaces.

In vivo, at the time of transition from compact
morula to blastocyst (between days 6 and 8
post insemination) the bovine embryo is ap-
proximately 160um in diameter with a zona
pellucida of approximately 12um (Linares &
King 1980). At the early blastocyst stage, the
embryo contains about 100 cells (Mannaerts
1986, Picard et al. 1986). Blastocysts with ob-
vious blastocoels, but which have not yet fully
expanded, contain about 120 cells, whereas
fully expanded blastocysts, still within the
zona but on the point of hatching, contain
about 160 cells (Mannaerts 1986). At the time
of hatching (between days 8 and 10 pi) the em-
bryo has increased in size to approximately
280um and contains approximately 200 cells.
Thereafter, numbers increase rapidly and are
correlated with the diameter of the spherical
blastocyst.

The cell cycle

The cell cycle is composed of 2 distinct phases,
M phase and interphase (Betteridge & Flechon
1988). M phase refers to the period of mitosis
and entails karyokinesis and cytokinesis of a
parent cell resulting in 2 daughter cells. Inter-
phase is composed of 3 periods: S, which is the
period when DNA replication is conducted,
and G1 and G2, which comprise the gap peri-
ods between M and S; Gl=pre-replication and
G2=post-replication. An exception to this gen-
eral rule is the cell cycle of early cleaving em-
bryos, which is characterized by a relative
brevity or lack of gap phases, and therefore

composed primarily of M phase and S to the
time when the embryonic genome begins to be
expressed (Barnes & Eyestone 1990).

In vivo data

In vivo, the time required for progression to
the first cleavage stage ranges from 23-31h
post-fertilization (Hamilton & Laing 1946,
Hpyttel et al. 1988). However, as pointed out by
Barnes & Eyestone (1990), this does not accu-
rately reflect the duration of this cell cycle, as
the early portion of this period includes sperm
capacitation, egg penetration, activation, and
completion of meiosis 11, none of which are
true features of a cell cycle. According to
these authors, the first cell cycle may be more
appropriately timed from the point of second
polar body extrusion, as the nuclear composi-
tion is 2C after this time. The first cell cycle
can therefore be divided into 3 distinct phases:
(i) formation of male and female pronuclei;
(ii) DNA synthesis; and (iii) onset of mitosis
and cleavage.

When the time of polar body extrusion is
taken into account, the duration of the first
cell cycle is 20-24h (Eyestone & First 1988).
Cleavage to the 4- and 8-cell stages occurs at
approximately 36-50 and 56-64h post-fertil-
ization, respectively. When the mean time pe-
riod for these cleavage stages are considered,
the second and third cell cycles are 13 and 14h
long, respectively (Barnes & Eyestone 1990).
Cleavage to the 16-cell stage occurs at approx-
imately 80-86h post-fertilization with a fourth
cell cycle duration of 21-30h (Hamilton & La-
ing 1946, Sirard & Lambert 1985).

Invitro data

Barnes & Eyestone (1990) have provided data
on the relative lengths of the first 3 cell cycles
of bovine embryos generated by IVM/IVF
techniques. According to these authors, the
total length of the first cell cycle is 28h. DNA
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synthesis begins at 16h post-insemination
(hpi) and lasts for 8h, until 24h pi. S phase is
followed by a 4-6h G2 phase. The earliest
chromosomal condensation is observed at 26-
28h pi, with first cleavages appearing at 28h pi.
In most zygotes, pronuclear formation is
underway by 10h pi. In mice, sheep and cattle,
the first cell cycle is long relative to other cell
cycles under maternal control (Smith & John-
son 1986, Barnes 1988, Crosby et al. 1988).
The second cell cycle is considerably shorter
than the first, with an overall duration of 12h.
The most striking feature of this cell cycle is
the absence of G1. DNA synthesis begins im-
mediately after mitosis and lasts for 8h. S
phase is followed by a rather brief G2 (maxi-
mum 2h) and an M phase of 2h. As in the first
cell cycle, chromosome condensation begins
2-4h prior to cytokinesis.

The third cell cycle presents some difficulties
in calculating total duration due to asynchro-
nous cleavage to the fourth cell cycle. Earliest
cleavages (i.e. from 4- to 8-cell stage) are ob-
served 9h post-initial cleavage (i.e. post-cleav-
age from 1- to 2-cell) with the last occurring 6h
later. The third cell cycle lacks a detectable G1
phase. S phase lasts for 8h and is in some blas-
tomeres followed almost immediately by
chromosomal condensation, while in others a
G2 phase appears lasting up to 6h. The varia-
tions in cell cycle length manifested in the
asynchronous cleavage among 4-cell blasto-
meres are due solely to variations in the
length of G2.

Culture conditions in vitro

Developmental block

It is widely recognized that early embryos
from many mammalian species exhibit ar-
rested development at various species-spe-
cific stages when cultured in vitro. These de-
velopmental blocks are artifacts of the in vitro
culture environment. In the majority of cases,
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these developmental blocks appear to corre-
late with the onset of embryonic transcription.
In species that do not exhibit such overt
blocks to development (e.g. primates and rab-
bits), development in vitro is still restricted
due to suboptimal culture conditions, as man-
ifested by reduced development to advanced
(morula/blastocyst) stages, prolonged cell cy-
cle times, and/or diminished viability.

Bovine embryos cultured in vitro with typical
methods arrest during the fourth cell cycle of
development, a phenomenon described as the
‘8- to 16-cell block’. It is also during the fourth
cell cycle in cattle that the embryonically con-
trolled developmental program is initiated, as
evidenced by the onset of transcriptional de-
pendency (Barnes 1988), changes in nucleolar
structure (King et al. 1988, Kopecny et al.
1989), and major shifts in protein synthetic
patterns of the embryo (Frei et al. 1989).

Coculture systems

In order to overcome the 8- to 16-cell block
observed in cattle embryos, various somatic
cell supplements have been added to culture
medium. A typical coculture system involves
placing embryos either in a cell’s suspension
or on top of cells in a monolayer. Examples of
such systems include bovine oviductal epithe-
lial cells (BOEC) (Fukui & Ono 1988, Lu et al.
1988, Eyestone & First 1989, Wiemer et al.
1991), granulosa cells (Goto et al. 1988, Tan &
Lu 1990, Wiemer et al. 1991), cumulus cells
(Goto et al. 1990, Kajihara et al. 1990, Mermil-
lod et al. 1992), trophoblastic vesicles (Ca-
mous et al. 1984, Heyman et al. 1987), uterine
endometrial cells/fibroblasts (Wiemer et al.
1987, Pool et al. 1988, Kajihara et al. 1991) and
amniotic sac cells (Aoyagi et al. 1989).

Culture without somatic support
Various authors have reported on the culture
of bovine embryos in the absence of somatic
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support. Bavister et al. (1992) demonstrated
that bovine IVM/IVF embryos can develop in
the absence of serum or other protein, and
without the use of somatic cell coculture, with
no obvious block at the 8- to 16- cell stages.
Moreover, they found that conditioning the
medium with oviduct cell coculture did not
improve development. Their results support
the view that the block to development is in-
deed an artifact of the in vitro culture environ-
ment and is caused by some component(s) of
the culture medium. The authors further sug-
gest that coculture may overcome the block
by removing such inhibitory component(s).

Number of embryos per unit volume

In vitro, the culture conditions differ in many
respects to those in the oviducts. Embryos are
cultured in relatively large volumes compared
to the sub-microlitre volumes of fluid present
in the reproductive tract. Any autocrine fac-
tor(s) produced by the embryos during devel-
opment will therefore be greatly diluted out in
culture and have minimal, if any, effect. Vari-
ous authors have demonstrated the beneficial
effect of culturing embryos in sufficient den-
sities to overcome this dilution effect for
mouse (Canesco et al. 1991, Quinn et al. 1991)
as well as bovine embryos (Palma et al. 1992).

Rate of development

According to Barnes & Eyestone (1990), the
rate of cleavage of in vivo and in vitro cultured
bovine embryos is similar up to the 8-cell stage,
but the cleavage past the 8-16 cell stage is very
sensitive to environmental conditions.

It is clear that bovine embryos produced in vi-
tro may vary widely, both in their quality and
rate of development. Although bovine oocyte
maturation is relatively synchronous with ap-
proximately 85% of oocytes reaching meta-
phase II after 24h in culture, the time of first
cleavage after IVF may extend over a 24 to

48h period. The initial cleavage divisions of
the fertilized ovum are critical for its develop-
mental capacity. Various reports in recent
years point to the fact that it is the fastest de-
veloping embryos in vitro which are most
likely to be comparable to their in vivo coun-
terparts. Dominiko & First (1992) concluded
that oocytes that had polar bodies extruded
earlier during maturation are more likely to
develop into blastocysts, and suggested that
by combining the use of LH in the maturation
medium and selecting for the first polar body,
one could improve selection of developmen-
tally competent oocytes. Similarly, Van der
Westerlaken et al. (1992) observed that oo-
cytes that had abstricted their first polar body
at 16 or 20h of in vitro culture displayed
higher cleavage and morula/blastocyst rates
than their counterparts without a polar body.
Plante & King (1992) undertook a study to de-
termine whether the length of time between
insemination and cleavage is related to the
embryo’s subsequent developmental poten-
tial and hatching in vitro. Their results showed
that most zygotes cleave between 24 and 48h
pi. Embryos that were at the 2-cell stage by
30h pi gave the highest rate of blastocysts
(65.7%) and hatching (50.9%).

Van Soom et al. (1992) studied the relation-
ship between the interval from insemination
to the time of first cleavage and the compac-
tion rate of bovine IVM/IVF/IVC embryos.
They found that developmentally competent
embryos were characterized by a rapid cleav-
age rate in the first 3 cell cycles and by an ex-
tended 8- to 16-cell stage. Such embryos were
found to reach the 2-cell stage at 36h pi and to
become compacted at the 32-cell stage, some
126-138h pi.

Personal observations on the rate of develop-
ment following IVF would agree with these
findings. In this author’s experience, the cell
stage reached by 48h pi (at which time cleav-
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age rate is routinely assessed) can be used as
an indicator of developmental potential (Lo-
nergan et al. 1992). Eggs which have pro-
gressed beyond the 4-cell stage by 48h pi con-
sistently give rise to a significantly higher
number of blastocysts than those at earlier
cell stages. Also, eggs that are still at the 2-cell
stage at 48h pi are, in the vast majority of
cases, destined to degenerate without com-
pleting preimplantation development to the
blastocyst stage.

With regard to viability in relation to speed of
development, the report of Jiang et al. (1992)
highlighted the existence of variation in cell
numbers in different grades of blastocysts de-
rived from IVM/IVF/IVC and indicated that
later developing blastocysts are of poorer
quality as judged by cell number. It would ap-
pear that the day-7 blastocyst produced in vi-
tro is a more viable entity than one which does
not reach this stage until 8 or 9 days post-in-
semination.

Sex-Related differences in developmental rate
There is evidence that male cleavage stage em-
bryos develop more rapidly than do females in
the mouse (Tsunoda et al. 1985) and in cattle
(Avery 1989, Avery et al. 1991, Xu et al. 1992).
In the study of Avery et al. (1991), IVF embryos
were karyotyped at days 7 and 8 post-insemi-
nation. The results showed that the percentage
of males (sex ratio) was dependent on the de-
velopmental stage. At day 7, among expanded
blastocysts (the most advanced embryos), the
sex ratio was 100%, with 89% for expanding
blastocysts, 75% for blastocysts and 40% for
young blastocysts. For embryos karyotyped at
day 8, the sex ratio was 20%. The authors con-
cluded that the apparent relationship between
sex and developmental rate could be used as a
method for noninvasive prenatal sexing of in
vitro fertilized embryos.

Berg et al. (1992) reported no significant dif-
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ference in the distribution of males and fe-
male newborn calves after transfer of ad-
vanced (blastocyst) or less advanced (morula)
embryo stages of the same chronological age.
The authors suggest that the difference in sex
ratio between preimplantation embryos and
calves at birth may be due to greater foetal
mortality for males.

Cell numbers

Objective parameters on which to base the
evaluation of embryos can take various forms.
One such parameter is the assessment of the
number of cells constituting the embryo. The
developmental heterogeneity of bovine em-
bryos results in variability in cell numbers at
the blastocyst stage. Much interest in the eval-
vation of cattle embryos relates to the com-
parison of cell numbers between those cul-
tured in vitro and those produced in vivo.
There is now clear evidence to support the
view that many cattle embryos cultured in vi-
tro do not have the same number of cells at
the blastocyst stage as embryos cultured in
vivo (Wurth et al. 1988, Eyestone & First 1989,
Iwasaki et al. 1990, Fukui et al. 1991, Xu et al.
1992). It has been suggested that the lower
cell numbers observed in in vitro-produced
embryos may be due to the pattern of cell
death within an embryo and lower metabolic
activity (Duby et al. 1993).

There are also now many studies in the litera-
ture which suggest that it is possible to produce
bovine embryos in vitro with cell numbers
comparable to their in vivo counterparts
(Greveetal. 1992, Jiang et al. 1992, Shamsuddin
et al. 1992). It would appear that if proper at-
tention is paid to oocyte/embryo selection and
account is taken of rate of development, in vi-
tro produced embryos can be of similar quality
to those produced in vitro with regard to cell
number. However, whether cell number per se
as opposed to the cell number in the inner cell



Preimplantation bovine embryos 313

mass can be used as a reliable parameter on
which to predict further developmental com-
petence is still unclear (Greve et al. 1993).

Factors affecting development

Epigenetic factors

In addition to being controlled by the pro-
gramme encoded in the genome, the develop-
ment of preimplantation embryos is regulated
by the external milieu, i.e. constituents of the
reproductive tract secretions in vivo or of the
culture medium in vitro. A wide variety of
these epigenetic factors, including ions, energy
substrates, amino acids, vitamins, growth fac-
tors, and hormones, most likely play important
roles in early development. There is, however,
relatively little knowledge of how such factors
might influence cleavage and differentiation
of preimplantation embryos. It is beyond the
scope of this article to give a thorough account
of the nutritional requirements of the early
embryo, and the reader is referred to various
reviews which have been published in recent
years (Leese 1991, Rieger 1992).

Role of growth factors

The use of reverse transcriptase-polymerase
chain reaction (RT-PCR) technology (Rappo-
lee et al. 1990) for detecting mRNAs from
small numbers of embryos has made it clear
that growth factors or cytokines and/or their
receptors are present in the oviduct and the
uterus, as well as in the embryos themselves.
While molecular biological studies indicate
the presence of numerous growth factors in
and around the embryo, very little is known
about their function in mammalian embryos.
In the work of Watson et al. (1992) involving
bovine embryos produced by IVM/IVF/IVC
techniques and encompassing a developmental
series from 1-cell zygotes to hatched blasto-
cysts, the patterns of gene expression for sev-
eral growth factor ligand and receptor genes

were determined. Transcripts for transforming
growth factor-o. (TGF-or) and platelet-derived
growth factor (PDGF-A) were detected in all
preimplantation bovine stages as observed in
the mouse. Transcripts for TGF-8 and insulin-
like growth factor (IGF-II) and the receptors
for PDGF-q, insulin, IGF-1, and IGF-II were
also detectable throughout bovine preimplan-
tation development, suggesting that these
mRNAs are products of both the maternal and
the embryonic genomes in the cow, whereas in
the mouse they are present only following the
activation of the embryonic genome at the 2-
cell stage (Rappolee et al. 1989). In contrast to
the mouse embryo, IGF-I mRNA was detected
within preimplantation bovine embryos. Basic
fibroblast growth factor (bFGF) is a maternal
message in the bovine embryo, since it is only
detectable up until the 8-cell stage. Bovine
trophoblast protein (bTP, a member of the
interferon gene family) mRNA was detectable
within day 8 bovine blastocysts. As was ob-
served in the mouse, the transcripts for insulin,
EGF or nerve growth factor (NGF) were not
detectable in any bovine embryo stage.

Although many of the same growth factors and
receptors are expressed in both murine and bo-
vine embryos, the embryonic stages at which
transcripts can be detected are distinctly differ-
ent. As suggested by Watson et al. (1992), this
pattern may correlate with the later stage of bo-
vine embryonic genome activation compared
with that of the mouse, in as much as these gene
products may be important at even the very
early stages of cleavage, and it may therefore
be necessary for the mRNAs encoding these
factors to be included in the maternal mRNA
pool in bovine embryos, so that they are
present before the maternal-zygotic transition.

Growth factors and in vitro culture

Addition of physiological levels of growth fac-
tors from the insulin gene family of peptides,
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Figure 1. In vitro-matured bovine oocyte at in- Figure 2. Two-cell embryo 48 hours post-insemi-
semination. Note presence of first polar body in per- nation.
ivitelline space.

sl

Figure 3. Four-cell embryo 48 hours post-insemi- Figure 4. Eight-cell embryo 48 hours post-insem-
nation. ination.
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Figure 5. Compact morula 6 days post insemina- Figure 6. Early blastocyst 6 days post-insemina-
tion. tion.

Figure 7. Expanding blastocyst 8 days post-insem- Figure 8. Hatched blastocyst 9 days post-insemi-
ination. nation.
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the epidermal growth factor (EGF) gene fam-
ily and the transforming growth factor-B
(TGF-B) gene family to the culture medium of
early mouse embryos results in a broad range
of effects that include stimulation of RNA
and protein synthesis, increased rate of cell di-
vision, increase in the cell number in blasto-
cysts, and increase in the percentage of cul-
tured embryos that hatch from the zona
pellucida (Harvey & Kaye 1988, 1990, 1991,
Heyner et al. 1989, Wood & Kaye 1989, Rap-
polee et al. 1990, Paria and Dey 1990, Werb
1990). Thus there is strong supporting evi-
dence that these molecules play important
roles in the program of development of the
preimplantation mouse embryo. However, as
pointed out by Watson et al. (1992), little is
known about the expression of these gene sets
during preimplantation development of
other mammalian species.

Supplementation of culture media of bovine
embryos with various growth factors has been
reported recently (Larson et al. 1992, Flood et
al. 1993, Thibodeaux et al. 1993, Shamsuddin
et al. 1993, Yang et al. 1993). As suggested by
Thibodeaux et al. (1993), it is possible that the
embryotrophic effects of coculture systems
are mediated via the secretion of 1 or more
growth factors. PDGF has been detected in
bovine oviductal secretions (Gandolfi et al.
1991). In addition, Larson et al. (1992) re-
ported that the addition of 1ng PDGF/ml to
the culture medium induced bovine embryos
to develop beyond the 8-16 cell stage. These
authors noted that PDGF activated specific
proto-oncogenes and reduced the duration of
the 4th cell cucle (Larson et al. 1992). Other
growth factors, such as bFGF amd TGFa ap-
pear to play more significant roles at the Sth
cell cycle (Larson et al. 1992), but TGFB may
also act synergistically with EGF to increase
the frequency of hatched blastocysts in in vi-
tro produced bovine embryos (Keefer 1992).
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Thibodeaux et al. (1993) studying the role of
PDGEF in early bovine embryo development
suggested that at least part of the beneficial
effect of coculture of bovine embryos with ov-
iduct epithelium is due to PDGF.

In the study of Yang et al. (1993), all growth
factors tested were shown to stimulate the de-
velopment of bovine IVM/IVF embryos to
the blastocyst stage. The degree of stimula-
tion was related to dose and, as suggested by
the authors, probably to the media composi-
tion. Despite these encouraging results, other

authors have not been able to find a positive
effect following the addition of growth factors
to the culture medium of in vitro produced
bovine embryos (Flood et al. 1993).

It is certain that our knowledge of growth fac-
tor regulation of preimplantation develop-
ment is far from complete. While experiments
in which growth factors are randomly added
to culture media and assayed by measuring
the percentage of embryos reaching the blas-
tocyst stage (as cited above) have some use in
elucidating the role of such factors, more com-
prehensive approaches involve the mapping
of the anatomy of ligand and receptor, charac-
terization of receptor binding and intracellu-
lar signalling, and the use of specific endpoints
of biochemical and morphological differentia-
tion to determine function in vitro (Kane et al.
1992).

Concluding Remarks

Efficient in vitro techniques as a low cost
source of eggs and early embryos are of con-
siderable value for research purposes and for
the development of new biotechnologies of
agricultural interest. In recent years, substan-
tial progress has been made in the develop-
ment of procedures for IVM/IVF/IVC of bo-
vine embryos. However, further improve-
ments are necessary in the system in order to
maximize embryo production.
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The predominant approach in the production
of bovine embryos in vitro involves coculture
with somatic cells using a complex culture me-
dium containing blood serum. Although
many studies have utilized such coculture to
support development of embryos through the
8- to 16-cell block, this undefined culture mi-
lieu makes it difficult to examine key epige-
netic factors regulating embryo development.
Elucidation of these factors is essential for the
formation of optimal culture media based on
the actual requirements of embryos. The de-
velopment of such a defined culture medium
would eliminate the chemical heterogeneity
introduced by serum and somatic cells to the
medium and allow the importance of individ-
ual components to be investigated.

By applying such culture methods to the pro-
duction of preimplantation bovine embryos
from slaughterhouse ovaries, it should be pos-
sible to produce large numbers of viable bo-
vine embryos under controlled and reprodu-
cible conditions, which would represent a new
comparative resource for the study of early
preimplantation development.
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Sammendrag

In vitro utvikling av pattedyrembryo er bide funks-
jonelt og tidsmessig dérligere enn embryo som utvik-
ler seg naturlig i de hunnlige kjgnnsveier. Manglene
ved dyrkede embryoner varierer fra lav delingshasti-
ghet til fullstendig delingsstopp, som inntrer pd
bestemte stadier hos mange arter. Forskjellige met-
oder har blitt brukt for & forhindre denne sikalte
blokkering, inklusive kultur av embryo med forskjel-
lige somatiske celler. Til tross for bruk av slike
systemer er in vitro utvikling av embryo forsatt ikke
sammenlignbart med in vivo utvikling. Til tross for
en rekke variasjoner i de benyttede teknikker flater
nivdet av utviklede morulae/blastocyster ved 25-
40% av inseminerte oocytter i de fleste laboratorier.
Det kreves en bedre forstdelse av faktorene som
styrer embryoets vekst fgr vi kan hape & oppné resul-
tater som kan sammenlignes med forhold in vivo.
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