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Embryonic and uterine development during early
pregnancy in pigs
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Summary. Comparison of the timing of pig preimplantation development, alterations’
in the ultrastructure of embryonic germ layers, and cytological changes of the uterine
epithelial cells leads to the supposition that a close relationship exists between embryo-
nic and uterine development during early pregnancy. The results of in-vitro studies of
embryonic development and of experiments concerning asynchrony between embryos
and uterine environment confirm this supposition, especially as far as the post-hatching
period is concerned. It is suggested that successive steps in embryonic germ layer differ-
entiation may induce specific developmental events and secretory activity of the em-
bryos. A mutual influence of maternal and embryonic tissues appears to exist, but we
can only speculate about the causes of many of the described phenomena.
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Introduction

In the pig, as in other mammalian species, embryonic development is partly an autonomous
process. Many more or less successful atiempts have been undertaken to culture early cleavage
stage embryos in vitro up to the blastocyst stage (Davis, 1985). On the other hand, many other
experiments showed the necessity for synchrony in embryo transfer (Polge, 1982), illustrating a
close relationship between embryonic and uterine development. During early pregnancy maternal—
embryonic interactions may be expected to be of special interest in the pig, since in this species, as in
other domestic ungulates, the preimplantation period is prolonged.

The main objective of this paper is to review literature on morphoiogical and histological
aspects of embryonic and uterine development during early pregnancy, and to consider the facts in
the perspective of interdependency. The emphasis will be on the pig, but when necessary results
from other species will also be referred to.

Embryo development

Pre-hatching period

Cleavage. Only a few studies deal with the morphology (Patten, 1948; Marrable, 1971; Hunter,
1974), or the ultrastructure (Norberg, 1973a, b; Szollosi & Hunter, 1973) of cleavage stages in the
pig. Fertilization takes place in the oviduct, at the ampullary—isthmic junction. Using hCG for
ovulation control, Hunter (1974) found cleaving embryos from 17 to 19 h after ovulation. The 2-
cell stage lasts for 6-8 h; the 4-cell stage, however, lasts for 20-24 h (see also Flint, i981). As a
result, the embryos are mainly in the 4-cell stage at entry into the uterus. According to Hunter
(1974), embryos and unfertilized eggs enter the uterus 4648 h after ovulation. However, according
1o Oxenreider & Day (1965) entry into the uterus may extend over 24 h (2-3 days after ovulation).
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The 8-16-cell morula stage is reached around Day 4. In cleavage stages, cytoplasmic organelles are
scarce and concentrated around the nucleus, while yolk inclusions fill up peripheral parts of the
cytoplasm (Fig. ). Mitochondria, which are globular during early cleavage stages, elongaie at the
morula stage, suggesting increased metabolic activity. Nucleoli are found from the 8-cell stage
onwards and their development is accompanied by an increase in the number of ribosomes. This
suggests activation of the embryonic genome and corresponds to the start of RNA synthesis at the
4-cell stage (Freitag ef al., 1988). The 4-cell block, an obstacle in in-vitro culture, seems to be related
to embryonic genome activation. It is probably analogous in this respect to the 8-16-cell block in
sheep (Gandolfi & Moor, 1987), and the 8-cell block in cows (King e al., 1988).

Differentiation of inner and outer cells { blastulation). Inner and outer cells may be distinguished
in pig embryos from the 12-16-cell stage onwards. Papaioannou & Ebert (1988) found a mean
proportion of 14% inner cells in morulae, although this proportion varied widely (0-20%). The
differentiation of these cells has mainly been studied in rodents (see Prather & First, 1988). During
subsequent cleavages, the number of inner cells is determined by the pattern of cleavage of the outer
cells (Johnson, 1981). According to the “inside/outside hypothesis™ (see Johnson, 1981), inner cells
will differentiate 1o the inner cell mass (ICM, the future embryo proper) while outer cells differen-
tiate to trophectoderm. During the process of compaction, the outer cells form a layer of closely
contacting polarized cells (Ducibella, 1977). Afterwards, junctional complexes, which include tight
junctions and desmosomes, are formed between neighbouring cells and the trophectoderm, which
is selectively permeable, is formed (Borland, 1977; McLaren & Smith, 1977). Transport of sodium
ions and water contributes to the formation of the blastocoele (Borland, 1977) and from that time
onwards the conceptus is called a blastocyst. The inner cells differentiate later.

In the pig, the first signs of compaction are seen at Day 4, at the 8-cell stage (Hunter, 1974). The
first junctional complexes are found at the compacted morula stage around Day 5 (Norberg, 1973a;
Batends er af., 1989). This parallels embryonic development in sheep, in which only primitive junc-
tions are present up to Day 4 (16-cetl stage) and junctional complexes are found from that stage
onwards between the outer cells (Calarco & McLaren, 1976). The blastocyst stage in the pig is
reached at Day 5-6 and the cell number at the moment of blastocoele formation is usually 16-32,
although extremes of 9-cells up to more than 32 celis were also found (Papaioannou & Ebert, 1988).

Pig embryos, even from Day 4, may selectively take up steroids (Stone et af., 1986) including
oestrogens (Niemann & Elsaesser, 1986), which may be related to blastulation, although Freitag
et al. (1988) found no effect of an anti-oestrogen on pig blastocyst formation, in contrast to the
results of Paria ef ai. (1984) for rabbit embryos. Other compounds, such as histamine and prosta-
glandins, may also influence blastocoele formation (see Prather & First, 1988).

The ultrastructure of early pig (Norberg, 1973a; Barends et af., 1989), cow (Massip et al., 1981},
sheep (Calarco & McLaren, 1976), horse {Flood ef «/., 1982) and other mammalian (Enders &
Schlafke, 1965; Enders, 1971) biastocysts is generally similar. During the formation of the blasto-
coele, the trophectoderm celis are well developed and polarized, and bear numerous microvilli
facing the uterine lumen, whilst the ICM cells are irregularly shaped, and do not show polarity (Fig.
2). In pig, the flattened trophectoderm cells contain increasing numbers of elongated mitochondria
and some strands of endoplasmic reticulum and Golgi cisternae. Hardly any organelles have devel-
oped in ICM cells and both cell types still contain large yolk globules and some lipid droplets at this
stage.

In the early embryonic stages of mammals, pinocytosis takes place in all blastomeres, but later
in only the trophectoderm cells through their apical cell membranes. In rodents, macromolecules
such as ferritin and peroxidase easily pass the zona pellucida and are taken up. In the pig, electron
micrographs show coated pits and pinocytotic vesicles, but neither ferritin (A, 160 000), nor the
smaller peroxidase molecules (M, 40 000), pass the zona pellucida, indicating species differences in
the selectivity of the zona barrier. In pig, the frequency of coated pits increases from blastocoele
formation onwards.
















































