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Blastocyst attachment and morphogenesis of ectoplacental cone in
mouse
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Abstract. Mouse blastocyst attaches on the antimesometrial side of the uterus through mural
trophoblasts. Later the polar trophoblasts begin proliferation, and rapid multiplication
towards the mesometrial side of the uterus occurs resulting in the formation of an excrescence
designated as ectoplacental cone. The morphogenesis of ectoplacental cone, viewed in utero,
initiates on day 6 post-coitum when microvilli of the trophoblast and the uterine epithelial cells
are lost and as a result of this opposing membranes appear interlocked with each other. Soon
following the invasion by surrounding trophoblasts the necrosis of the epithelial cells starts.
Mitochondriae of the epithelial cells, at this stage, are shrunken and lack well defined cristae.
Several leucocytes are seen at the site and few electron dense structures appear wedged between
the trophoblasts and epithelial cells. At places the cell membrane is studded with the basement
membrane of the uterine epithelium giving an impression of a bristle coated membrane. By day
7 post-coitum the basement membrane has almost disappeared leaving trophoblast cells to
develop close contact with stromal cells. Collagen fibres appeared between the trophoblasts
and the stromal cells, many large inclusions of high electron density representing engulfed
necrotic epithelial cells are discernible. On day 8 post-coitum the ectoplacental cone is fully
developed. Four types of trophoblast cells can be identified in it: (i) basal cells lying on the base
of the cone, are polyhedral and compactly arranged. They have a large nucleus and well
developed nucleoli, (ii) central cells forming the middle area of the cone are of two types; one
contained several osmiophilic granules enclosing translucent area (eccentric) and a well
developed golgi complex around the nucleus, while the other has many heterophagosomes,
vacuoles and residual bodies and (iii) peripheral cells contained several pleomorphic structures
resembling secondary lysosomes. Minute dense granules and band of microfibrils on the apical
region of these cells are seen. Dense granules probably release lytic proteins at the site and
microfibrils help in forming cytoplasmic projections.
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Introduction
Implantation in the mouse (on day 4·5 post-coitum (pc); Theiler, 1972) is initiated
through abembryonic (or mural) trophoblasts on the antimesometrial side of the uterus
(Snell, 1941). These cells later are converted into non-dividing primary giant cells (Snell
and Stevens, 1966). Meanwhile embryonic (or polar) trophoblasts, lying over the inner
cell mass (ICM) continue to multiply and proliferate on the mesometrial side of the
uterus resulting in the formation of an excrescence (day 8 pc) over the ICM, designated
as the ectoplacental cone (EPC) or träger (Snell, 1941; Amoroso, 1958; Barlow and
Sherman, 1972; Gardner et al., 1973). Cone is reported to be formed from multiplication of trophoblast cells and not as a result of proliferation of cells of the ICM, and
Abbreviations used: pc, post-coitum; EPC, ectoplacentl cone; ICM, inner cell mass.
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there is a strong evidence to suggest that the inside cells of blastocyst develop into inner
cell mass and outside into EPC (Gardner et al., 1973; Ansell, 1975). The suggested
functions of the cone cells are: disintegration of the apposing uterine epithelium,
nourishment of the embryo, secretion of hormones and providing immunological
protection to the developing embryo (Kirby, 1971; Billington, 1975).
Earlier studies, based on light microscopy have indicated two types of trophoblast
cells in mouse EPC; the large secondary giant cells lying on the periphery and the small
tertiary or symplasma cells forming the base of the cone (Snell and Stevens, 1966). This
study, being first of its kind, mainly focusses on the ultrastructural changes in polar
trophoblasts and morphogenesis of ectoplacental cone, which begins on day 6 pc in
mouse.

Materials and Methods
Virgin female albino mice were caged overnight with males of proven fertility and the
presence of vaginal plug on the following morning was considered as day 1 of
pregnancy.
On days 6, 7, and 8 of pregnancy, respectively, the animals were perfused with 2·5 %
glutaraldehyde through dorsal aorta. Pontamine blue dye was injected to day 6
pregnant animals prior to perfusion to bring about the visibility of the implantation
sites which are otherwise not very distinct on this day of pregnancy. The implantation
sites were carefully segmented, post fixed in 1 % OsO4 and after passing through
routine dehydrating process embedded in agar resin.
Specimens were oriented on a flat lid of a beem capsule in a way to get vertical
sections (to the axis of uterine horn) of the embryo. The lower end of the capsule with
cut bottom was placed over the lid, filled with resin and kept for polymerization (48 h).
Serial sections were obtained for light microscopy on a Pyramitome (L.K.B.; Bromma,
Sweden) and after every 50 μm a section was examined till the accessibility of the
implantation chamber become evident. Mesometrial side of the chamber was marked
for ultrathin sections.

Results
On day 6 implantation chamber appeared like a biconvex cavity enclosing embryo,
embryonic trophoblasts and few abembryonic giant cells. The chamber was surrounded by dark uterine epithelial cells. Stromal cells, particularly at mesometrial end,
developed sinuses around the chamber. The uterine epithelial cells formed a dome like
structure over the polar trophoblasts, which started insinuating between the adjacent
epithelial cells. The luminal surface of the epithelial cells appeared ruffled at this stage
and contact with trophoblasts became more extensive.
The microvilli on the epithelial cells and polar trophoblast were usually lost
following adhesion, resulting in the interlocking of apposing membrane. Leukocytes
were frequently noticed at the site. At places usually electron dense structures, wedged
in between the trophoblast-epithelial complex could be seen. Glycogen granules and
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lipid bodies, some being quite large, were abundant. The epithelial cells contained
numerous pleomorphic vesicles.
On day 7 all the epithelial cells appeared to have vanished and the remaining ones
were on the way of being phagocytosed by invading trophoblasts. The cytoplasmic
extensions of the trophoblast penetrated through neighbouring cells until they reached
the basement membrane, which appeared to be undergoing complete disintegration. As
a consequence of this trophoblast formed close contact with stromal cells.
Several large inclusions of high electron density representing engulfed necrotic
epithelial cells were observed inside the trophoblast. Often a large vacuoles filled with
digested material or cell debris was noticed adjacent to the nucleus of the trophoblast.
The maternal cells contained large fat droplets. Beneath these cells, and between the
basement membrane and the stromal cells thick bundles of fibres representing collagen,
occasionally accompanied by flocculent material, were present (figure 1).
Phagocytosis of epithelial cells, erythrocytes and leukocytes, sometimes oftenly
escaped from endometrial capillaries appeared to be the regular feature of the
trophoblast cells. Lysosome like structures were frequently noticed in these cells.
On day 8 EPC was fully formed. The implantation chamber enclosed the embryo,
abembryonic trophoblastic giant cells on antimesometrial and the cone cells on
mesometrial end. The cone appeared porous as irregular strands of cells formed
interstices between which maternal blood cells flowed (figure 2).
The entire cone region, being a preplacental component of a developing embryo
could be divided into three areas (figure 3A, B): (i) the basal area containing compactly
arranged proliferating cells (trophoblasts 1), (ii) the middle area having two types of
cells, one (trophoblasts 2) with several osmiophilic granules and the others (tropho-

Figure 1. Micrograph showing bundles of collagen fibres (arrow) below the basement
membrane of the uterine epithelium. Lower side is apical cytoplasm of trophoblast and upper
side is maternal cell. Flocculent material may be seen at the site (arrow head), × 2500.
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Figure 2. Survey micrograph showing cells of inner cell mass (arrow) and of basal area
(arrow head) of the cone. Cells of visceral endoderm (Ε) and uterine epithelium (U) are on
extreme right and left respectively. Note lymphocyte (L) and a thrombocyte (Τ) near the
uterine epithelium. × 1600.
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Figure 3. Schematic diagram showing relationship between ectoplacental cone and egg
cylinder (A) magnified cone area (B). Sinuses have not been shown in it. (All—allantois; Ect.—
ectoderm; Ex.Ec—extra embryonic ectoderm; Tr. 1 to Tr. 4—trophoblast cells; ut. ep. —
uterine epithelium).

blasts 3) with heterophagosomes, and (iii) the peripheral area containing relatively
large and mostly elongatedcells (trophoblasts 4) enclosing many lysosomes.
Basal area
Cells of this area being polyhedral in shape were joined with neighbouring cells through
cytoplasmic extensions (figure 2). Nucleus, oval, spherical or sometimes kidney shaped,
was very prominent having a large dense nucleolus, sometims two or three nucleoli
showing intranucleolar spaces (figure 4). Cytoplasm contained large number of
ribosomes, generally in the form of rossettes or polysomes. Mitochondriae were mostly
discoidal containing many cristae and translucent matrix. Profiles of granular
endoplasmic reticulum were sparsely scattered. ß-Glycogen granules, at the supra
nuclear position, were in abundance (figure 4). These features appear to be the
characteristics of cytoplasmic growth in a proliferating cell (Batten and Haar, 1979).
The appearance of intranucleolar spaces or vacuoles in nucleoli manifests the rapid turn
over of the nucleoproteins (Van Blerkom et al., 1973).
Central area
Cells of this area were of two types:
(1) Trophoblast 2: Nucleus of these cells were oval containing dark patches of
heterochromatins. Nucleoli were relatively condensed. Large number of membrane
bound osmiophilic granules (0·5 μm) enclosing characteristic translucent area, mostly
eccentrically situated were noticed in the cytoplasm of these cells (figure 5). Within

48

Mehrotra

Figure 4. A cell of the basal area. Note ß-glycogen granules (arrow) at supra nuclear
position and intranucleolar spaces or vacuoles in nucleoli and a kidney shaped nucleous.
× 29000.

these translucent areas several fine scrolls were noticed. In addition golgi complex was
found to be well developed in these cells.
Such type of granules appear to be secretory in nature, since microstructures with
similar morphology have been noticed in the theca lutein cells of the ovary and in the
pituitary (Sandborn, 1976). Perhaps this type of trophoblasts are preferentially
involved in secretion of hormones and steroids at preplacental stage.
(2) Trophoblast 3: These cells are of irregular size and dimensions. The nucleus is
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Figure 5. Cell of the central area (Tr. 2). Note several osmiophilic granules (arrow) enclosing
translucent area (eccentric). In sinuses maternal erythrocytes may be seen. × 3200.

pleomorphic and covers major area of the cell. Many heterophagosomes having dense
and granular substances, lipoid bodies and sometimes multilamellar structures inside
were discerned (figure 6). Phagocytosis of erythrocytes, neutrophils and even lymphocytes were occasionally seen.

Figure 6. Cells of the central area (Tr. 3). Note several heterophagosomes (arrow) and
vacuoles. Erythrocytes (arrow head) in different stages of disintegration are visible inside the
cells. A wandering monocyte (Μ) may be seen. × 1600.
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Structural entities of these cells reflect the pronounced phagocytotic activity which
probably represents a second line of offence to peripheral trophoblasts. Mostly these
cells phagocytose the necrotic epithelial cells.
Peripheral area
Cells (trophoblast 4) constituting this area formed a belt on the periphery of the cone.
The geometry of these cells differed extensively, as they possessed large cytoplasmic
extensions deeply penetrated into the maternal cells. The nuclei were mostly elongated.
The most characteristic feature of these cells was the presence of several pleomorphic
structures resembling secondary lysosomes (figure 7). Some of these contained an
electron dense substance, while in others membranous structures were enclosed.
The apical region of the cytoplasm of these cells contained minute dense granules or
structures having diffused outlines. Occasionally fine bundles of microfibrils organized
in different manners were noticed in this area. Uterine remnants either projected into
the cytoplasm of these cells (figure 8) releasing secretory material or the cytoplasmic
extension of these cells invading into the maternal cells were often seen. Unusually large
inclusions (0·5 to 1·0 μm) of irregular size and shape were seen at the site. Inside these a
dense and amorphous substance was discerned (figure 8).

Figure 7. Peripheral cells (Tr. 4) facing maternal cells (upper and on left side; darker). Note
several secondary lysosomes (arrow). Disintegrating neutrophils (arrow head) may also be
seen, one lying freely in sinus. × 1300.
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Figure 8. Peripheral cell (lower) at the invading site. A microinclusion (arrow) of irregular
shape having translucent area may be seen. Other microbodies enclosing ribosomes (arrow
head) and RER are also visible. Maternal component (double arrow) is projected into
trophoblastic cytoplasm. Note necrosis of the maternal cells. Upper left is part of a large lipid
granules (L). × 29000.
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Well developed lysosomal system of these cells probably emerge as a causative factor
for extensive phagocytotic activity (Potts 1968; Smith and Wilson, 1974; Billington,
1975). Engulfment of lymphocytes has been implicated in the prevention of immunological rejection of the embryo (Mulnard, 1970).The presence of minute dense
granules in the apical area of these cells indicate that some secretory material, probably
in the form of unspecified lytic proteins, is released at the site of invasion in order to
cause degeneration of the maternal cells. Microfibrils form active component of the
cytoplasmic extension and thus reflect on the migratory activity of a cell (Mehrotra,
1981; Enders et al., 1981). Indeed, appearance of microfibrils in tumour cells has been
implicated to be involved in invasive process (Tickley et al., 1978).
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