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Early development and implantation of the blastocyst in the bat,
Hipposideros speoris (Sehneider)--Hipposideridae--Mieroehiroptera
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Abstract. The embryo of Hipposiderosspeorisenters the uterus at the morula stage
of development. The blastocyst implants superficially and circumferentially and the
embryonic mass is so oriented during implantation that it faces between the antimesometrial and the lateral sides of the uterus. The most conspicuous progestational change in the uterus concerns the uterine glands which undergo hypertrophy
and become wide thereby reducing the endometrial stroma to thin strands. During
implantation the glands undergo destruction, accompanied by the destruction of
endometrial cells, and the formation of symplasma. The trophoblast on the embryonic hemisphere is more invasive than that in the other regions of the blastocyst.
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1.

Introduction

Detailed reviews of the literature Oll the early embryology of b~,.ts have been given
by Wimsatt (1944, 1954), Gopalakrishna (1949), Potts and Racey (1971), Bhiwgade
(1976), Gopalakrishna and Khaparde (1978). With respect to members o f the
family Hipposideridae only a brief account of an early stage of development of
tIipposideros bicolorpallidus (Gopalakrishna 1958 ; Gopalakrishna and Moghe 1960)
and some details c~f early development and implantation o f Itipposideros fidvu
fulvtts (Karim 1976) are available. It was therefore felt that a study of the early
development and implantation in tlipposideros speoris would fill an impertant gap
in our knowledge o f the embryology o f bats.
2.

Material and methods

The specimens of ltipposideros speoris were collected at frequent intervals from an
aband,;ned underground mining tunnel near Chandrapur in Maharashtra State,
India, during the period December 1972 to May 1973. They were killed by
chloroform and their genitalia fixed in 10% neutral formalin. After thoroughly
washing in running water, the tissues were dehydrated by passing through graded
ethanol, cleared in xylol, embedded in paraffin and sectioned at 6/t to 10!t thickness.
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The sections were stained with Ehrlich's haematoxylene and counterstaincd with
eosin. A!I mea~urement~ were taken wilh the help of an ocular micromeler calibrated tc st,:ge micrometer.

3.

3.1.

Observations

The female genitalia

The gross morphology of the non-pregnant genitalia is illustrated in figure 1. The
ovary is more or less ellipsoidal in shape and is enclosed by an ovarian bursa, which
h~ts, on its posterio-median side, a small slit-like opening by which tl'e periovarial
space is in communication with tbe peritonial cavity. The fallopian tube :u'i:;es
from the antero-median aspect of the ovarian capsule, passes on the ventral surface
of the bursa and traverses along the lateral border of the capsule up tc. about the
caudal end t.,f the ovary, where it again takes a sharp double bend and opens on the
antero-lateral side, a little posterior to the cranial end, of the respective uterine

Figure 1. Semischematic drawing to illustrate the gros~ m~rphology of lhe nonpregnant female genitalia of Hipposideros speoris (ventral view without urinary
bladder). (F.t.--Fallopian tube; O--Ovary; U--Uterus; V--Vagina.)

Early development and implantation in Hipposideros speoris

289

cornu. The two uterine cornua, each measuring about 4 mm inlength, are symmetrically placed on either side of the rectum, and meet caudally at an acute angle
giving the genitalia a 'Y' shalzed appearance, with the vagina forming the median
limb of the ' y ' . A common cervical canal opens into the vagina. The vagina
opens by a transver.~c vulval opening.
Tl-e following description pertain~ to the uterus of a bat in oestrus. "Ihe uterus
has a slightly oblong outline in transverse sections (figure 2) with the mesometrio
antimesometrial axis being slightly longer (110510 than tee lateral axis (969/~).
The outermost coat of the uterine wall is firmly attached to the underlying musculature and has the usual structure of a serous membrane. The myometrium, which
is 120/~ thick, is made up el an outer layer of longitudinal and an inner layer of
circular muscles. The endometrium is 425/t thick and is made up of compactly
arranged fusiform cells towards the myometrial region of the uterus. However,
towards the uterine lumen the stromal cells ~re loosely arranged, and ",here are
numerous fluid-filled spaces giving the tissue a spongy appearance. The uterine
glands are evenly distributed on all the sides and extend to a little more than half
of the thickness of the endometrium. The gland epithelium is made up ofcuboidal
cells with basally placed vesicular nuclei. The lumina of many glands contain an
easinophilic secretion. The uterine epithelium is composed of cuboidal cells about
10/t tall on all the sides. The uterine lumen occurs as a narrow sht parallel to the
mesometrio-antimesometrial axis.

3.2. Preimplantation stages of development
3.2.1. Two-celled stage (figure 3) (specimen collected on 3 Jamtary 1973): A
two-celled embryo measuring 53/z across its maximum diameter was found near
the ovarian end of the fallopian tube. The egg appears oblong and slightly distorted
as a result of artefact caused during the preparation of the sections. A thick eosinophilic zona pellucida surrounds the egg and there are a few degenerating cumulus
cells a,dhering to the zona. The blastomeres have homogeneous cytoplasm and
vesicular nuclei with chromatin material at the periphery.
3.2.2.

Eight-celled stage (figure 4) (specimen collected on 3 January 1973): An
embryo at eight-celled stage of development was found near the ovarian end of the
fallopian tube. It measures 56/~ in diameter and is more or less spherical in shape
with a covering of thick eosinophilic zona pellucida. The blastomeres, which are
considerably smaller than those of the preceding stage of development, contain
finely granular cytoplasm and vesicular nuclei. One of the blastomeres is at early
anaphase with the chromosomes separated rote two groups lying apart tram each
other.
3.2.3. Sixteen-celled ,~:tage (figure 5)(specimen collected on 3 January 1973):
A sixteen-celled embryo which extends throatgh 7 sections of 8/t thickness each was
observed in the uterine end of the fallopian tube. The embryo is more or less
oblong in shape due to slight artifactual distortion. It is enveloped by a thick
eosinophilic zona pellacida and lies amidst a large mass of degenerating cumulus
cells. The blastomeres have granular cytoplasm and vesicular nuclei each having
a darkly stained nucteolus. A few intercellular spaces are present in the embryo.
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3.2.4. Uterine inorultt (figure 6) (specimen collected on 3 January 1973) : A morukt
surrounded by a distinct eosinophihc zona pellucida was noticed in the centre of
the luminal slit of the cranial segment of the uterus. The morula extends through
6 sections of loft thickness each. A few disintegrating fragments of cumulus cells
were still adhering to the surface of the zona pellucida. The ('ells of the morala
contain finely granular cytoplasm and vesicular nuclei except for a few cell~ in
which the nuclei are distorted and darkly stained.
3.2.5. Early bilaminar blaswcyst (figures 7 and 7a) (specinten collected on 11
January 1973) : The blastocyst lies free in the uterine lumen on the antimesometrial
side of the cranial segment of the uterus, and extends to 10 sections of 9,tt thickness
each. The blastocyst wall has undergone partial collapse during the preparations
of the sections, and is made up of a single layer of trophoblast which consists mostly
of e'~boidal cells containing vesicular nuclei each with a prominent nucleolus and
evenly distributed chromatin material. The inner cell mass is discoid and is composed at spherical cells having large vesicular nuclei. Although the endoderm h~ts
bectrme differentiated and occurs as a laver of fiat cells underlyit:g the inner cell
mass, it does not extend to the extra-embryonic regions of the blastocyst.

3.2.6. Late bilaminar blastocyst (figure 8) (specimen collected on 11 January 1973) :
The blastocyst ties in a slightly enlarged part at the uterine lumen tankards the antimesometrial aspect of the cranial segment of the uterus, q-he blastocyst, whose
wall has undergone partial collapse (artefact), occurs in 17 sections of 101t thickneas each. The blastocyst wall is composed of a trophoblast layer made up of
cuboidal cells each with a large vesicular nucleus and an endoderm layer of squamous cells which eppear fusiform in sections. The embryonic mass is made up of
polygonal cells each with a large vesicular nucleus.
3.3.

Progestational changes in the uterus

There is a progressive increase in the diameter of the cranial ~egment of the uterus,
which reaches the diameter of 1360lt at the bilaminar blastocyst stage of development of the embryo. The antimesometrial part of the luminal slit m the cranial
segment of the uterus also becomes enlarged into a distinct chamber, hereafter
termed as implantation chamber.
The histological changes are more marked in the cranial se~.ment than in the res t
of the uterus (figt, res 9 and 10), and the following description pertains to the changes
occurring only in the cranial segment of the uterus.
The uterine epithelium remains intact on all the sides throughout the preimplantation period of development of the embryo, but its height increases progressively
and reaches 25/~ at the late bilaminar blastocyst stage of development. At a few
places in the implantation chamber the cells of the epithelium are crowded and their
nuclei occur at d~fferent levels thereby imparting to it a multilayered appearance.
The endometrium, which forms the bulk of the thickness of the uterine well, has
a thickness of 450lt in lateral axis at the two-celled stage of the egg. It is mostly
composed of fusiform cells with elongated nuclei. In the region immediately
adjacent to the uterine epithelium the endometrium has a loose texture due to accumulation of the intercellular fluid. The thickness of the endometrium increases
progressively and reaches 560-t at the free blastocyst stage of development of the
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Figures 2-5. 2. Transverse section of the uterus of Hipposiderosspeoris at oestrus.
Note the slit-like lumen. Arrow points towards the mesometrium. × 112. 3. Section of a two-celled embryo in the Fallopian tube. The nuclei were not present in
the section photographed here. :< 712. 4. Section of an eight celled tubal embryo
enveloped by a thick zona pellucida. "~: 712. 5. Section of the sixteen-celled tubal
embryo. Note the ctertse mass of cell debris of the cumulus cells surrounding the
ombr~'o. × 712.
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Figures 6-8. 6. Section of a uterine morula. A few remnants of degencr~ttmV
cumulus cells are still present along the boundaries of the embryo.
712. 7. Part
of the section o f a uterus containing a free early bilaminar blastocyst lying in a slightl~
enlarged part of the uterine lumen. Note the long and wide uterine glands. Tht_
uterine stromal tissue is reduced to thin strands.
180. 7a. Magnified picture
of the blastocyst seen in figure 7. The endodermal cells occur as a la)er of flat cells
underlying the embryonic cell mass (arrows),
712. 8. Section of a late bilaminar blastoeyst lying in the uterine lumen of the cranial segmenl of the uteru,:.
The
blastccyst wall has undergone artifactual collapse.
712.
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Figures 9-12. (The mesometrlum is oriented at 2 o'clock rosition) 9 and 10. Sections
of the cranial and the caudal segment of the uterus respectively. Please see the text
for description. Arrow points to,cards the mesometrium. ;, 112. 11 and 12. Transverse
sections of the cranial segments of the uterus containing implanted blastocysts.
The embryonic cell mass (arrow head) occurs as convex disc in one specimen
(figure 11) and as a thick knob-like projection in the other specimen (figure 12).
Arrow points towards the mesometrium. × 112.
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Figures 13-16 13. A part o f the section of the uWrine wall at the earl) implanted
blastocyst stage to show the two kinds of the trophoblast -the ~ncyliolrophohkt~:
(arrow) and the cytotrophoblast (arrow head).
712. 14. A part of the iunctional zone after the implantation of the blas(ocyst t,.:, sho~ i m m e r o u ~ fi-agmcnted
darkly staining bits of nuclei (arrows) of degenerating endometrial celb,.
712.
15. A part of the section of the uterine wall at the late implanted bla~toc)sl ,lage
The cytotrophoblast has entered the sync~dotrophoblastic zone in Ihc (onn of ,~
club-shaped projection (arrow).
712. 16. A part of the section of the uterine
wall at the late implanted blastoc3';t stage to ~h,o,,s a degeo_crating ulerine gland
(arrows). x 270.
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embryo. With the increase in the thickness of the endometrium there is a progressive extension of the loose connective tissue towards the deeper regions of the endometrium, thereby imparting to it a distinct edematous appearance. There is a
considerable increase in the vascularisation of the uterus as evidenced by the occurrence of numetous blood capillaries which traverse the thickness of the endometriurn.
The m3st conspicuous histological change in the uterus during this period concerns the uterine glands. The glands p,ogressively increase in number, become long,
coiled and wide, thereby reducing the endometrial connective tissue to thin strands
which lie between the glands (figure 7a). The gland epithelium increases in height
and the lumina of the glands become filled with copious quantities of secretion.
Just prior to. nidation the epithelium of the proximal segment of the gland is made
up of cuboidal cells having homogeneous cytoplasm and basally situated vGsicular
nuclei, while the epithelium of the distal segment of the gland is made up of tall
columnar cells each with vacuolated cytoplasm atM basally situated spherical or
oblong nucleus. The glands are evenly distributed on all the sides of the uterus during
the preimplantation stages. The myometrium is progressively reduced in thickness front 120/z at the two-celled stage to 851t at the late bilaminar blastocyst
stage of the embryo.
3.4.

Develot~rnent of the blastocyst and implantation

Two blastocysts (figures 11 and 12), approximately at the same stage of development and obtained from different specimens collected on 6 February 1973, are
described here. The blastocysts have expanded considelably and have occupied
an enlarged implantation chamber on the antimeaometrial part of the uterine lumen
in the cranial segment of the uterus. The embryonic mass occurs as a convex disc
in one specimen (figure 11), and in the form of a thick knob projecting into the blastocyst cavity in the second specimen (figure 12). In both specimens the embryonic
mass is so oriented that it faces between the antimesometrial and lateral sides of
the uterus. It is made up of a large number of small cells each with a darklj staining spherical nucleus. The uterine epithelium has disappeared and the trophoblast has invaded the uterine wall destroying the endometrial tissue and the glands
on all the sides of the implantation chamber thereby forming a circumferential zone
of trophoblast round the implautation chamber (figures 11 and 12). The trophoblastic zone is thickest adjacent to the embryonic hemisphere, and becomes progressively thin towards the abembryonic pole of the blastocyst. The endodermal layer
delimiting the blastocyst cavity is made up of squamou~ cells with flat, oval nuclei ;
however, at a few places they are more or less cuboidal with oval or vesicular
nuclei.
The trophoblast tara be recognised into two kinds, the syncytiotrophoblast, which
has invaded the endometrium and has formed trophoblastic placenta (Gopalakrishna 1949) or preplacenm (Fischer and Mossman 1969), and the cytotrophoblast
which lies on the foetal border of the placenta (figure 13). The syncytiotrophoblast has destroyed a superficial zone of endometrial tissue and parts of the uterine
glands and has surrounded maternal vascular channels. The syncytiotrophoblastic zone appears like a lightly stained eosinophilic mass of cytoplasm in which
large lightly stained nuclei, each with a prominent darkly stained nncleolus, lie
scattered irregularly. Patches of necrotic maternal tissue with fragmented darkly
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staining bits of nuclei are seen at some places in the syncytiotrophoblastic zone
(figure 14). The cytotropkoblast, which lies on the foetal surface of the preplacenta, forms a continuous layer, two or three cells thick', of darkly staining cells.
At many places it has proliferated and has entered the syncytiotrophoblas~ic zone
in the form of solid, conical, club-shaped or finger-shaped projections (figure 15).
There is a thick zone of vacuolated eosinophilic cytoplasm surrounding the syncytiotrophoblastic zone, in which numerous nuclei of varying sizes lie wattered in a
random manner. This is evidently formed by the breakdown of the endometrial
cells and ~.he uterine glauds resulting in the formation of a symplasma. Numerous
uterine glands at various stages of degeneration occur in this region (figure 16).
The endometrial stroma towards the myometrial border consists of compactly
arranged spindle-shaped cells, each with an elongated or oval nucleus. Tile myometrium is about 70/2 t!iick and comprises of an outer layer of longitudinal and an
inner layer of circular muscles.

4. Discussion
There appears to be differences among the different species of bats with respect
to the stage of development when the embryo enters the uterus. Whereas in most
species the embryo enters the uterus as a morula (Potts and Racey 1971 ; Bhi~vgade
1976; Gopalakrishna and Khaparde 1978; Rasweiler !972) the embryo of De, modus rotundus murinus (Wimsatt 1954), Rousetttts leschenaMti (Karim 1971) and
Macrotus californicus (Bleier 1975) reaches the uterus after attaining the blastocyst
stage of development. The embryo of Hipposidero.s speoris reaches the uterus as
a morula. It is interesting to note that in .Rhinolophus rouxi (Ramakrishna and
Rao 1977) while the early embryo of specimens near the tropics experience a
retarded development, the embryos of specimeus at high latitudes experience delaycd
implantation. However, in both cases the embryo enters the uteru~ as a morula.
In Macrotus californicus' (Bleier 1975) embryonic diapause takes place after
implantation. Apparently the stage when the embryo reaches the uterus, in bats,
is under the control of a complex interplay of factors and not by either delayed
implantation or retarded development.
The nature of the progestational changes in tne uterus varies ill different bat~.
Generally in species where the blastocyst attaches itself by one pole (usually tile
embryonic pole but at the abembryonic pole only in TadarMa brasiliensis c),nocephala, Stephens 1962) a localised edem~t is developed in the prospective implantation site aud the uterine glands are p~tshed away from this region. The uterine
epithelium in this region becomes hypertrophied and is partially separated from the
underlying stroma as a precursor of its destruction. This has been described in
vespertilionids (Wimsatt 1944; Gopalakrishna 1949; Phansalkar 1972). On the
other hand, in those species where the biastocyst implants circumferentially the most
noteworthy changes refer to the uterine glands at the region of implantation. Tile
cells of the gland undergo enormous hypertrophy and the glands themselves become
very wide. Consequently the stromal tissue is reduced to thin strands between
the glands. This was noticed in Rhinolophus rottxi (Bhiwgade 1976) and Megaderma
lyra lyra (Gopalakrishna and Kh.aparde 1978). The progestational changes in
Hipposideros speoris are similar to those in other bats ~vith circumferential implantation.
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An interesting feature of early implantation ofHipposideros speoris is the conversion of the uterine tissues (glands and part of the stroma) into a symplasma into
which trophoblast sends root-like projections which establish a firm anchorage to
the blastocyst. The precocious formation of symplasma appears to be common
to the three hipposiderid bats whose early embryology/,,as been described so far
(Gopalakrishna 1958; Gopalakrishna and Moghe 1960; Karim 1976).
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