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were divided into the following groups according to their
snout-rump lengths (SRL): 1.5, 2.5, 3.5, 4.5, 5.5, 6.0, 7.0,
8.0, 10.0, 11.0, 13.5, 15.0, 22.0, 29.0, 34.0 and 41.0 cm.
8 adults also were used. The animals were killed by de-
capitation and as quickly as possible blocks of tissue were
removed from the submandibular glands and fixed for
4 h at 0°C in 3.59% glutaraldehyde buffered in 0.1 M
phosphate to a pH of 7.4. The tissues were washed in
buffer and osmicated in 1.09%, osmium tetroxide at 0 °C
for 2 h. The specimens were then passed through pro-
pylene oxide, infiltrated with and embedded in Epon 812.
Thin sections of this material were cut for electron micro-
scopy, mounted on uncoated grids, and stained with
uranyl acetate and lead citrate. The sections were exam-
ined in an RCA EMU-3F electron microscope operated at
50 kV.

Results and discussion. Numerous inclusion bodies (virus-
like particles) were observed in the lumina of mucous
tubules and of intralobular ducts of the opossum sub-
mandibular gland. Over the 3 year period in which the
study was conducted, such particles were consistently
found in all adult animals and in all postnatal stages
examined, with the exception of newborn (1.5 cm) animals
known to be less than 12 h old. The particles were abun-
dant in the lumina of mucous tubules and of intralobular

Specialia

407

ducts and often appeared to clump and to form irregular
aggregates (figure 1). The particles also were observed in
the intercellular canaliculi located between cells of the
mucous tubules. Similar particles were not observed in the
nuclei or in the cytoplasm of cells comprising the sub-
mandibular gland (figure 1}. The particles for the most
part are spherical in outline, uniform in size, and exhibit
a distinct, central, electron dense core. They are limited
externally by a distinct peripheral membrane (figure 2).
The outer diameter of the particles ranges from 100 nm
to 150 nm and the central core ranges from 50 nm to 70 nm
in diameter. The particles, with regard to size, location
and morphology, are quite distinct from the adjacent
secretory granules of the cells that make up the mucous
tubules (figure 1).

The appearance of these particles is remarkably similar
to that of numerous viruses reported 8. Unlike the majority
of virus reported to date, however, the particles observed
in the opossum submandibular gland were not noted in
either the nucleus or the cytoplasm of component cells.
The virus-like particles appear nonpathogenic and their
nature and role is unknown.

8 An Atlas, A. J. Dalton and F. Haguenou, Ultrastructure of animal
viruses and bacteriophages. Ed. Academic Press, New York 1973,
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Summary. SEM analysis of preimplantation mouse blastocysts reveals closely associated red blood cells on involuted
surfaces of trophoblasts, an indication of the capability for initial phases of phagocytosis at an early developmental

stage.

Among changes which occur in the cellular physiology
of mammalian blastocysts preparing for implantation are
those concerned with the development of invasiveness
and phagocytic properties of trophoblasts. Evidence for
the latter is based on a) histological demonstration of
inclusions of cellular debris and erythrocytes (RBCs) in
trophoblastic giant cells of implanted embryos34, and
b} light microscopic demonstration of uptake of particulate
matter by guinea-pig trophoblasts in vitro5. Ingestion
of maternal tissues and cells by phagocytosis is believed
to be one of the physiological mechanisms for nutrition
of implanting embryos®. During SEM analysis of preim-
plantation, zona-free mouse blastocysts, closely associated
red blood cells on trophoblast surfaces were observed.
This preliminary report describes this association and its
possible relationship to the attachment phase of phago-
cytosis.

Methods and wmaterials. Brinster’s method? was used to
obtain blastocysts from inbred, Swiss-Webster mice. The
embryos were collected from the uterine flushing and
washed® to remove contaminants. The washed embryos
were cultured in vitro for 2 h#, then fixed for scanning
electron microscopy®. The fixed embryos were gently
centrifuged (7 min at 300 xg, 5°C) onto millipore discs
which were subsequently dehydrated through increasing
concentrations of ethanol (50-1009,), critical point dried,
then gold coated (200-500 A) prior to examination by
means of an ETEC Autoscan.

Results and discussion. Figures 1 and 2 illustrate results
of the scanning electron microscopic examination. The
frequency of observation of embryos with associated

erythrocytes represent approximately 309, of several
groups observed at this developmental stage. The asso-
ciated erythrocytes illustrated in figure 1 and 2 do not
have the fragile, topical attachment with trophoblast
surface described by others® when antigenic sites of
late mouse blastocysts are labeled with sheep RBCs.
The involuted surface membranes and attachment of
the erythrocytes to the surface by microvillous processes
(figures 1 and 2) is in accord with reports describing
phagocytic craters!!-1% and attachment of particles
to macrophage surfaces during the attachment phase of

1 Acknowledgment. This study was supported by NICHD grant
HD-06234 and NIH grant RR-05384.

2 Author for reprint requests.

3  D. W. Fawcett, G. B. Wislocki and C. M. Waldo, Am. J. Anat.
87, 413 (1947).

4  D. Hernandes-Verdun and C. Legrand, J. Embryol. exp. Morph.
34, 633 (1975).

5 N. O.Owers, in: The Biology of the Blastocyst, p. 225. Ed.
R. J. Blandau. University of Chicago Press, Chicago 1971.

6  W. A. Wimsatt, Am. J. Obstet. Gynec. 84, 1568 (1962).

7 R. L. Brinster, J. Reprod. Fert. 73, 413 (1967).

8 R. L. Brinster, Adv. Biosci. 4, 199 (1969).

9  P. G. Calarco and C. J. Epstein, Devl. Biol. 32, 208 (1973).

10 S. Bergstrom and S. Hakansson, J. Reprod. Med. 74, 210 (1975).

11 J. M. Papadimitriou, J. M. Findlay-Jones and M. N. Walters,
Exp. Cell Res. 76, 353 (1973).

12 M. Bessis, in: Corpuscles: Atlas of Red Blood Cell Shapes,
Chapter XVI, Figs. 1-8. Springer, Berlin 1974.

13 M. N.-I1. Walters, J. M. Papadimitriou and T. A. Robertson, J.
Path. 778, 221 (1976).



Fig.1. Late mouse blastocyst.
Several red blood cells (RBCs) are
seen associated either with the
surface (single arrow) or between
(double arrows) trophoblast cells.
X 1980.

Fig. 2. Higher magnification of
area demarcated in figure 1. A few
microvilli (arrows) are observed
projecting intercellularly where 2
RBCs are located. The cell on the
left is a normal shaped, although
slightly sphered, discocyte. The
cell on the right appears deeply
invaginated. Note small blebs (b)
on the surface of these sells. They
are not likely due to intrinsic RBC
membrane modification, but prob-
ably represent particulate matter
which adhered to the RBC surface
during routine preparation.

X 17,600.

ingestion 4. The craters resulting from adhering erythro-
cytes, described in this report, are different in location
and, probably, function from concavities found on
trophoblasts located at the abembryonic pole of day-5
normal rat blastocysts!® and delayed-implantation mouse
blastocysts!6-1%, In the latter instances, the craters were
reported to result from imprinting of ‘mushroom-like
structures’ of the uterine epithelium onto juxtaposi-
tional trophoblasts.
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Several factors may account for the lower frequency of
RBC association observed at this preimplantation stage
of development. First, the embryos obtained by flushing
of the uterus at the onset of implantation represent a
population which are free for a relatively short period 2°,
or which are involved in the attachment phase of im-
plantation. As noted above, it is during the later or
invasive phases of implantation that phagocytic activity
may increase and, therefore, be particularly evident.
Second, the number of embryos, which are arrested
during the course of an active process may be few in
number. Third, the probability of having embryos
capture RBCs from newly forming implantation sites
or during rapid passage through the uterine scission site
would be low. Nevertheless, from the assessment of
surface morphology described in this report, the capacity
for attachment of cells (the initial phase of phagocytosis)
to the surface of late, preimplanted blastocysts, appears
to be present at this early developmental stage.



