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IMPLANTATION

By
Richard ]. Blandau

Embryo-endometrial interrelationship leading to implantation has been a
subject of great interest to developmental biologists for decades. Although
considerable understanding of the process has evolved for several laboratory
animals, it is not incorrect to state that it is still impossible to define precisely
the exact temporal, physiological and biochemical parameters that lead to
successful nidation for any mammal, much less the primates.

Anyone attempting to summarize what is known concerning implantation
phenomena on a comparative basis is soon impressed with the diversity of
opinion as to how the various factors, systemic, blastocystic, and endometrial,
interact in nidation. Specific information remains vague and unsatisfactory.
The considerable species differences in the manner in which implantation is
accomplished but adds to the dilemma and aggravates the uncertainty.

A uniform feature of the fertilized ovum after it enters the uterine cavity
is-its transformation into the blastocyst. The morula forms a cavitation that
enlarges and expands rapidly to line the zona pellucida. Certain of the cells
gather at one pole and form the inner cell mass from which the embryo
develops. The layer of epithelial cells on the inside of the zona pellucida
comprises the trophoblast. When primitive mesoderm lines the trophoblast,
it becomes the chorion.

The trophoblast of the blastocyst is a remarkable membrane that has not
received the attention which it deserves: 1) It develops various kinds of
attachment cone that initially anchor the blastocysts to the maternal endo-
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Fig. 1.
Sections of four different free blastocysts recovered from the uteri of the Macaca
mulatta to show particularly the variations in size and appearance of the normal pre-
implanted embryos. X 200 (Courtesy Heuser & Streeter 1941).
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Section through an 8-day macaque blastocyst. Note the various cells comprising the
inner cell mass, the single layer of trophoblast cells, and the remnants of the zona
pellucida (arrows). X 250 (Courtesy Heuser & Streeter 1941).
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A free baboon blastocyst recovered from the uterine cavity at 8 days (estimated
fertilization age). (Courtesy Kraemer & Hendrickx 1971).

metrium; 2) It acts as a selective membrane that controls materials entering
the blastocoelic cavity; 3) It plays a role in controlling the rate of protein
metabolism in blastocysts in which implantation is delayed: 4) It is important
in the escape of the embryo from the zona pellucida and accomplishes this by
a variety of mechanisms in different species; 5) At the appropriate time in
development it is transformed into the syncytial trophoblast that, by its ad-
hesiveness and cytolytic capabilities, invades the living maternal endometrial
stroma; 6) It may play a critical role in interposing an immunological barrier
between foetus and maternal tissues; and 7) With time it will produce and
secrete both protein and steroid hormones and develop into a complex endo-
crine organ, the placenta.

Although blastocysts vary greatly in size and rate of development, they are
basically alike in all mammals (compare Figs. 1, 2, 3, 4, 5 & 6). Why blasto-
cysts assume the shape and form that they do in the various mammalian species
is unknown. The blastocyst remains free in the uterine lumen for a variable
period of time (rat and mouse, 36 to 48 h; guinea pig, 6 days; macaque, 9 days;
baboon, 7 to 8 days; cat, 18 days and human, at least 5 to 6 days). In cases of
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Fig. 4.
A mid-serial section of a 107-cell human blastocyst. Note the remarkable similarity of
the human blastocyst and those of the baboon, monkey and guinea pig. X 600.
(Courtesy Hertig et al. 1956).

delayed implantation nidation may be deferred for days or for even as long as
10 months (European badger, Meles mélqs). Under conditions of delayed im-
plantation the appearance of the blastocysts remains largely unchanged.

Blastocyst development in the non-human primate

Considerable information on the development and appearance of the blasto-
cysts is available for a few primates, namely, the baboon, Papio cynocephalus
(Hendrickx 1971); lesser bush baby, Galago senegalensis senegalensis (Butler
1959); and macaque, Macacus rhesus (Heuser & Streeter 1941).

A series of four different macaque blastocysts, in section, is shown in Fig. 1
(Heuser & Streeter 1941). All of these were still free within the uterine cavity
and were recovered on the 8th and 9th days after ovulation and fertilization.
Unfortunately all of the blastocysts recovered in this series were fixed in

Fig. 5a & b.
Guinea pig blastocysts found attached to the antimesometrial border in freshly opened
cornua on the 6th day after ovulation. They were fixed in situ, removed en bloc,
sectioned and stained. In »a« shrinkage artifact has lifted the blastocyst away from
the epithelium. Except for the area of attachment cone the zona pellucida (arrows) is
still intact. In »b« note the alterations in the superficial epithelium below the attach-
ment cone and the early invasion of the endometrial stroma by the trophoblastic
syncytium. M — embryonic macrophage.
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Bouin’s fixative, the acid component of which causes the zona pellucida to
depolymerize and largely disappear. Heuser and Streeter picture an 8-day
blastocyst still invested by remnants of the zona pellucida (Fig. 2). They
maintain that it would be impossible for the blastocyst to make effective con-
tact with the maternal epithelium unless the zona pellucida were shed. This
interpretation of the status of the zona pellucida at the time of attachment
may not necessarily be correct in light of the fact that in certain animals, such
as the guinea pig (Spee 1883; Blandau 1949a) and perhaps also in Citellus
tridecemlineatus (Mossman 1987), the zona pellucida may remain largely in-
tact during the early stages of attachment except at the sites of forn.ation of
the attachment cone (Fig. 5). When blastocysts of approximately the same stage
of development are examined in detail in either living or fixed conditions, one
is impressed with the considerable differences in size, shape, and stage of de-
velopment. These variations in blastocyst size have been reported in a number
of animals [macaque (Heuser & Streeter 1941), baboon (Hendrickx 1971),
mouse (Rumery & Blandau 1971), rat (Tachi et al. 1970), etc.].

In the 8- and 9-day unattached macaque blastocyst both'the trophoblast
shell and the inner cell mass show some differentiation. The trophoblast may
be differentiated into 1) the polar trophoblast (i. e., in the region of the inner
cell mass), which very early may become multi-layered (Figs. 7a & b), and
2) the continuous single layered trophoblast cells that line the zona pellucida
and form the boundary for the blastocoele cavity (Figs. 2 & 7a). The inner cell
mass is composed of two types of cells, large lightly staining cells (formative
cells), and flattened epithelial cells that have delaminated from the inner cell
mass and now constitute the endoderm (Fig. 2). The cells comprising the
various constituents of the 8- and 9-day blastocyst may be summarized:

8-day blastocyst

polar trophoblast cells 56
cavity wall trophoblast cells 58
formative cells (embryonic) 14
endodermal epithelial cells 12

Total 140 cells

9-day blastocyst

polar trophoblast cells 95
cavity wall trophoblast cells 224
formative cells (embryonic) 32
endodermal epithelial cells 24

Total 375 cells



Fig. 6.
A section through the initial site of attachment of a rat blastocyst recovered late on
the 4th day after ovulation. The blastocyst has initiated an early decidual response.
There is no obvious alteration of the superficial epithelium. The zona pellucida is gone.
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