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Morphology of development in the primate: Blastocyst to villous
placental stage
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Abstract. Examination of plastic-embedded rhesus monkey and baboon blastocysts through
the implantation period has provided information on normal differentiation and development.
The blastocysts show many features in common with non-primate laboratory animals,
including differentiation of endoderm and its extension beyond the inner cell mass prior to
implantation. However, there appears to be more cell death, and more aberrations in
development. Implantation involves the adherence of trophoblast to healthy uterine luminal
epithelial cells, and intrusion of syncytial trophoblast between these cells, followed by lateral
expansion of the site of invasion prior to penetration of the uterine epithelial basal lamina. An
amnionic cavity is formed within the inner cell mass, and is preceded by establishment of cell
polarity. The definitive yolk sac is formed by an aggregation of endodermal cells adjacent to
the inner cell mass. The trophoblast does not give rise to mesodermal cells, but some of these
cells may be formed from endoderm prior to primitive streak formation. In both rhesus
monkey and baboon, syncytial trophoblast taps the maternal vascular system relatively
rapidly. In the baboon in particular large blood-filled spaces elevate the implantation site from
the level of the endometrium at the stage of primary and secondary villus formation.
Keywords. Primate; blastocyst; implantation.

Introduction
The cleavage and early implantation stages in mammals are extraordinary in that not
only differentiation and delineation of cell lines are taking place, but at the same time
the relationship to the maternal organism is undergoing rapid change. However, these
fascinating stages are difficult to study in monovular species, such as most primates,
with long gestation periods and relatively low fertility in the individual cycle (Short,
1979). Nevertheless considerable information is rapidly accumulating concerning the
fine structure of these stages in a number of primate species, and the introduction of in
vitro fertilization as a means of alleviation of certain types of infertility in the human is
beginning to provide information from cleavage stages cultured in vitro (Edwards et al.,
1981). While both the number of species examined and the numbers of specimens from
some of the stages remain small it is useful to summarize the features of differentiation
of blastomeres of primates that have been studied to date, and the contribution of
structural studies to our understanding of development of the principal fetal
membranes.

Abbreviations used: E, Estrogen; ICM, inner cell mass.
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Materials and methods
The baboons and rhesus monkeys that were used in this study were housed at the
California Primate Research Center, in accordance with standards of the Federal
Animal Welfare Act and the Institute for Laboratory Animal Resources. Reproductive
cycles were recorded, as were histories of previous pregnancies. Females were placed
with males during the periovulatory period and evidence of breeding data recorded. In
many cases blood samples were collected during the pre-ovulatory period, and serum
estrogen (E) levels analysed to estimate the pre-ovulatory Ε peak. In the rhesus monkey,
the day following the Ε peak was designated day 0 of pregnancy (Enders and Schlafke,
1981; Enders et al., 1984). In baboons, the Ε peak occurs with greatest frequency
approximately 3 days prior to the observed deturgescence of the sex skin (Shaikh et al.,
1982). Consequently the day of initial deturgescence was designated day 2 of pregnancy.
Preimplantation embryos from both rhesus monkeys and baboons were collected
using surgical exposure of the uterus, followed by insertion of needles attached to
introduction and collection cannula tubes (Hurst et al., 1978; Enders and Schlafke,
1981). Intrauterine embryos from the baboon were collected using a nonsurgical
transcervical approach (Pope et al., 1982).
Early implantation stages from rhesus monkeys were collected following careful
analysis of steroid levels during both the periovulatory period and the period of
anticipated implantation (Enders et al., 1984). If endocrine levels indicated a probable
early implantation stage, the animals were anesthetized, and the abdominal aorta
cannulated and infused with salt solution, then aldehyde fixative (Enders et al., 1983).
The reproductive tracts were then removed, and the animal was sacrificed by
intravenous sodium pentothal.
Early postimplantation stages in the baboon were collected by Dr. Ross Tarara at the
Institute of Primate Research, Nairobi, Kenya. In these animals the uterus was exposed
at laparotomy, opened and the central portion of endometrium removed. This mass
was separated to expose the luminal surface, which was examined for focal vascular
regions. These implantation sites will be described in detail elsewhere.
Preimplantation embryos and implantation sites were retained in the aldehyde
fixative (2% glutaraldehyde-2 % formaldehyde in 0·1 Μ phosphate buffer, pH 7·3),
rinsed in phosphate buffer, postfixed in 1 % osmium in phosphate buffer, dehydrated
and embedded in epoxy resin. Semithin sections (1 μm) were stained with Azure Β and
observed with light microscopy. Thin sections were stained with uranyl acetate and lead
citrate, and observed in Philips 400 or Zeiss 10 electron microscopes.
Early human implantation sites were described by Hertig et al. (1956). This material
is in the Carnegie Collections, currently housed at Davis, California, USA. The earliest
stages in this collection provided the reference material for this species during the
course of these studies.

Observations
The morula stage of primate development largely resembles that of other mammalian
species, but with some modifications (En ders and Schlafke, 1981). The general shape of
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the individual blastomeres does not change from the basic spherical shape until later
than in the rodent (rat and mouse 8-cell stage: Schlafke and Enders, 1967; Ducibella and
Anderson, 1975). When some of these cells begin to adhere closely to one another
(compaction), not all cells form such associations at one time. As a consequence
compaction is less abrupt and dramatic than in some other species. The morula stage of
the rhesus monkey appears to be somewhat more light-lucent than that of the baboon
and human (Panigel et al., 1975; Lopatta et al., 1982). With Nomarski optics, the
nucleoli can be seen in nuclei of most of the blastomeres at this stage, and evidence of
one or two fragmented blastomeres, a common features in primate morulas, is readily
seen. When the first small spaces that are precursors of the blastocyst cavity begin to
appear between blastomeres of the morula, fine structural examination generally
reveals ‘primitive’ junctional areas (regions of close association of cell membranes with
some increased density of the inner leaflet, but no other apparent aspects of junctional
complexes).
The cytoplasm of healthy blastomeres has distributed throughout it clusters of
mitochondria, many still with the more primitive type of cristae (Hurst et al., 1978). At
this stage the few strands of granular endoplasmic reticulum are often closely
associated with the mitochondria (figure 1). Polyribosomes are still relatively sparce,
and large areas of cytoplasm are consequently devoid of organelles. When the
blastocyst cavity first becomes complete the inner cells constituting the inner cell mass
(ICM) are confined to about a third of the sphere. By this stage the complete series of
junctional types is present between trophoblast cells, including apical junctional
complexes with tight junctions, desmosomes and small gap junctions. Intermediate
filaments are associated with the desmosomes and bundles of such filaments are
conspicuous features of the cytoplasm.
As the blastocyst increases in size a great deal of differentiation occurs (Enders and
Schlafke, 1981; Mohr and Trounson, 1982). Although azonal blastocysts of the baboon
have not been described, rhesus monkey and human blastocysts show trophoblast that
has developed a series of apical coated vesicles and tubules, more numerous
polyribosomes, some endoplasmic reticulum and the beginnings of a basal lamina
(figure 2). This last structure, however, does not extend under the polar trophoblast but
instead is continuous with the basal lamina of the epiblast. The junctional complexes
are well developed at this stage; in particular gap junctions are numerous and extensive,
and link all three cell types: trophoblast, epiblast and endoderm. The endoderm lacks a
basal lamina, but forms a distinct layer beneath the ICM and extending beyond it prior
to implantation. The cytology of the endodermal cells is similar to that of other species
in having branched granular endoplasmic reticulum, with a distinct internal content.
All blastocysts examined have some evidence of autolysis, as indicated by the
presence of vacuoles containing cell debris. Some also show individual isolated cells
that lack junctional contacts and generally do not display the same degree of
differentiation as other cells in the blastocyst.
Prior to implantation the trophoblast of some blastocysts develops long projections
in addition to microvilli (figure 2). In the earliest implantation site of a rhesus monkey
examined by electron microscopy, syncytial trophoblast has developed near the ICM,
and processes from one mass of syncytium pass between epithelial cells to which the
mass is adherent (Enders et al., 1983). Initially no trophoblast penetrates the uterine
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Figure 1. Normal (right) and abnormal (left) blastomeres in a morula from a baboon. Note
the cluster of mitochondria towards the center of the abnormal blastomere. The mitochondria
and endoplasmic reticulum (arrows) are distributed in the normal blastomere. The surface of
the morula is in the upper left, × 16,300.
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Figure 2. Mural trophoblast from an azonal blastocyst of the rhesus monkey. Note the
microvilli and irregular protrusion of the surface membrane, and the coated vesicles between
and below the microvilli. Bundles of intermediate filaments (F) are present in the apical region
of the cell, as well as near the desmosomes. A basal lamina (arrow) is barely visible underlying
the trophoblast cells, × 15,500.
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epithelial basal lamina in the rhesus monkey; consequently the implant site expands in
the plane of the uterine luminal epithelium.
Trophoblast in early implantation shows quite a bit of variation in structure. The
abembryonic cytotrophoblast is initially unchanged. The cytotrophoblast adjacent to
the implantation site proliferates, forming cells with multiple processes towards the
syncytial trophoblast. The syncytium itself has regions where nuclei are aggregated, to
the exclusion of most other organelles, and other regions rich in organelles.
Just prior to penetration into the stroma and subsequent to this, some of the
syncytial trophoblast develops clefts and shows pronounced polarity (figure 3). The
cleft areas constitute the microvillous apical surface of the syncytial trophoblast.
Baboon implantation sites, from stages after epithelial penetration, also show similar
clefts. When trophoblast encounters maternal vessels, in the rhesus and baboon,
trophoblast seems to be able to penetrate between endothelial cells. This appears to be a
later phenomenon in the human. The human in early stages, shows masses of syncytium
with polyploid nuclei, a relatively rare occurrence in the other two species, and
peripheral small nuclei of unknown origin. In both rhesus and baboon blood liberated
from maternal vessels forms non-coagulating lakes within the syncytial trophoblast. In
the baboon, in particular, the lakes rapidly enlarge, temporarily everting the
implantation site so that it mushrooms from the surface of the endometrium. The
evaluation of implantation sites in the rhesus is less extensive, and by this time a
secondary implantation site has formed on the abembryonic trophoblast surface.
Although the human is estimated to implant three days earlier, the formation of large
blood-filled lacunae is slower so that all the three species achieve such structures at
approximately day 11.
At the beginning of implantation, the ICM of the rhesus is a slightly flattened disc of
epiblast covered by endoderm, which extends at least a third around the sphere of the
blastocyst. The epiblast cells adjacent to endoderm are slightly larger than those
contiguous with the cytotrophoblast. The first evidence of differentiation within the
epiblast is the formation of ‘apical’ junctions in the center of the disc of epiblast cells. By
day 10.5, fluid accumulates adjacent to the apical ends of these cells, giving the first
evidence of an amnionic cavity. The cells that will form the amnion are largely separated
from the cytotrophoblast except at the very center, where the basal lamina of the
amnion cells loops back over the cytotrophoblast, thus leaving some cells contiguous.
The cells forming the amnion are smaller than those forming the embryonic plate. With
continued development, in all the three species, the amnion becomes separated from the
cytotrophoblast and the embryonic shield extends in diameter as a tall columnar
epithelium with occasional evidence of pseudostratification.
Before there is any thickening of the future posterior end of the embryonic shield, a
few cells separated from the endoderm are present between it and the basal lamina of
the trophoblast. The endodermal cells underlying the embryonic shield form a poorly
defined cluster, which becomes separated from the primary yolk sac. The cluster of cells
cavitates forming a secondary yolk sac. In one instance, in the baboon, the embryo
developed upside down and the secondary yolk sac appeared as a completely separate
cluster of cells between the embryonic plate and trophoblast.
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Figure 3. In the centre of the micrograph is a cleft in the syncytial trophoblast. The
formation of these microvillus-lined spaces demonstrates a change in the syncytial trophoblast
to a thin polarized layer lined by the type of syncytium that will enclose the maternal blood
spaces. Implantation site on day 10.5 of gestation, rhesus monkey, × 9,200.
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Discussion
It is apparent from examination of preimplantation embryos of the human, baboon
and rhesus monkey, that considerable disintegration of blastomeres occurs during
development. From the observations of vacuoles containing cell debris in normal
blastocysts, it seems likely that some autophagy can be tolerated. However, many
cleavage stages seem to become progressively abnormal. This problem is countered in
human in vitro fertilization systems by introducing as many as three cleavage stages into
each uterus. However it would be better to be able to judge the potential success of the
in vitro fertilized ova prior to reintroduction.
One of the more common features of blastomeres in cleavage stages with numerous
pycnotic cells, in unfertilized ova and in isolated cells is the aggregation of
mitochondria around the nuclei rather than being in dispersed groups. It is not yet
known whether such blastomeres can recover from this abnormal configuration, or
what percentage of cells in the morula can fail without compromising the conceptus.
There does not appear to be any pattern as to where cell death occurs in the blastocyst.
Consequently it appears that the blastocyst must have a mechanism for compensating
for cell death in the trophoblast and for initially variable numbers of cells in the ICM.
This would suggest that the type of compensation for reduced numbers shown
experimentally in laboratory (Snow and Tam, 1979), and domestic animals is probably
a common feature of primate development.
The regional variability as well as variation in time of development of syncytial
trophoblast is striking. One would like to know what causes initial formation of
syncytium. In the absence of cell boundaries, how can one region of syncytium be
different from another? Clearly the syncytium that comes to form the lining of blood
spaces is very different from that involved in the initial penetration of epithelium in the
rhesus monkey, or from that involved in stromal penetration in the human. There is
also variation in the nature of trophoblast invasion in the different species. The
trophoblast of rhesus and baboon appears to tap maternal vessels more readily. In the
human, while trophoblast initially penetrates further into the stroma, it is seemingly
slow in tapping maternal vessels, and the earliest lucunae formed are more labyrinthine.
The formation of amnion in the rhesus is by cavitation. At the time that this is initially
taking place endodermal cells are cuboidal in the region of the ICM. They become less
closely associated with the embryonic plate prior to the formation of the secondary
yolk sac. The cells that become separated from the endoderm and are situated between
it and the trophoblast have been called endodermal reticulum (Luckett, 1974). The
eventual fate of these cells is not known but they are in the position of forming
mesodermal constituents, which suggests that some of the extraembryonic mesoderm
may come from this source rather than primitive streak.
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