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Early development and implantation in the rat-tailed bat, Rhinopoma
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Abstract. Rhinopoma micTophyllum breeds once a year in a sharply defined season. It is
monotocous, the two sides of the female genitalia being equally functional, although only
one at a time. The embryo reaches the uterus as an early morula. Implantation is superficial
and circumferential with the embryonic mass oriented towards the mesometrial side. The
primitive amnion is formed by cavitation and the definitive amnion is formed by the
development of folds. The yolk-sac develops as in all other bats. The definitive placenta is
discoid, mesometrial, labyrinthine and vasodichoriaL
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1.

Introduction

Although for the last few decades embryologists have exhibited an increasing interest
in the order Chiroptera which incorporates 19 families (Koopman 1984) yet, studies
on the embryology of representatives of most families of bats are incomplete. Details
concerning a single species i.e. Rhinopoma kinneari of the family Rhinopomatidae
have been reported by Srivastava (1952), Gopalakrishna (1958) and Anand Kumar
(1965).
The present work pertains to studies on the early development and implantation
of Rhinopoma microphyllum. It was undertaken because to-date there is no record of
a study on the embryology of this species which is a representative of one of the most
primitive families of the sub-order Microchiroptera.
2.

Material- and methods

Genitalia of 186 pregnant specimens of R. microphyllum were collected from
dungeons in dilapidated old forts and tombs at and around Burhanpur and Asirgarh
(in south-western part of Madhya Pradesh). The specimens were collected at frequent
intervals during the breeding season for two consecutive years with a view to
ensuring that closely graded developmental stages were obtained. The female
genitalia were fixed in various fixatives such as neutral formalin, Bouins, Rossman's,
Carnoy's and calcium acetate formalin. Where necessary the genitalia were stored in
70% ethanol after fixation for 24 h. The tissues were dehydrated by passing through
graded ethanol, cleared in xylol, embedded in paraffin and sectioned at 5-8 pm
thickness. Sections were stained with Harris' haematoxylin and counterstained with
eosin. Selected slides were stained by periodic acid Schiff (PAS) procedure (Pearse
*The final work for formulating this paper was carried out at the Tinplate Hospital, Jamshedpur.
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1968) some of which were counterstained with Weigert's haematoxylin. The sections
were dehydrated by graded ethanol, cleared in xylol and mounted in DPX.
3. Observations

A stagewise collection summary of R. microphyllum is given in table I.
3.1 Breeding habits

This species breeds once a year in a sharply defined breeding season. Copulation in
the colony followed immediately by fertilization and pregnancy occurs in the latter
half of March, and progressively advanced stages of development are available
during the following weeks and the young are delivered during about the middle of
July. During each cycle only one side of the female genitalia is functional without
there being any dominance of either of the sides. Only one follicle reaches the preovulatory phase in one of the ovaries and releases the ovum, which, after fertilization
and development into a blastocyst, implants near the cranial end of the ipsilateral
uterine cornu. Although both the cornua of the uterus undergo similar changes
during the preimplantation stages of development of the embryo, after the implantation of the blastocyst in one uterine cornu the changes are arrested in the
contralateral cornu which regresses to an anestrous condition during the rest of the
gestation period. Hence, the changes occurring only in the functional uterine cornu
are described in the following account.
3.2

Free uterine stages

3.2a Morulae: An early free uterine morula (figure 1) composed of 20-25 cells was
located near the cranial end of the right uterine cornu. The morula had undergone a
little distortion in shape during fixation and staining procedures. The zona pellucida
was thick, The cells of the morula appeared to be loosely arranged with a few intercellular spaces in some regions of the morula. The cells had spherical lightly staining
nucleus each with a distinct large centrally located nucleolus and finely granular
cytoplasm.
The uterus exhibits pronounced progestational changes. The uterus had an oblong
shape in transverse sections with the dorso-ventral axis longer than the lateral axis.
The uterine lumen was also elongated in the mesometrial-antimesornetrial axis in
conformity with the shape of the uterus. The uterine epithelium was intact on all the
sides and was composed of columnar cells with centrally placed slightly oblong
nuclei with flaky chromatin granules dispersed in the nucleus. A darkly staining
centrally located nucleolus was present in most of the nuclei. In many places the
epithelium had considerably increased in height and the cells of the epithelium were
closely arranged and their nuclei were located at different heights. These changes
gave the uterine epithelium a stratified appearance. The uterine glands were evenly
distributed on all the sides of the uterus. They were long, coiled and extended deep
into the endometrium to about three-fourths the thickness of the endometrium. This
region of the endometrium had become pronouncedly edematous with numerous
fluid-fined intercellular spaces and widely scattered cells. Hence, this zone was lightly
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Tallie I. Stagewise collection details of R. microphyllum.
Stage of
development

Specimen no.
as entered in the
collection diary

Date of
collection

No. of specimens of a
particular stage studied
for the present report

Pre-ovulatory
Graman follicle

Rh sc* 7
Rh sc· 12
Rh sc" 26
Rhm 107

28/3/85

Uterine
morula

Rh k" 12
Rhk" 15

4/4/83
8/4/83

2

Unilaminar
blastocyst

Rh k"
Rh sc·
Rhm
Rh m

14
17
102
103

8/4/83

4

28/3/85
28/3/85

Free bilaminar
blastocyst

Rh sc"
Rhm
Rhm
Rhm

15
18
21
24

19/4/83
19/4/83
19/4/83

Implanting
bilaminar
blastocyst

Rhsc· 11
Rh sc· 14
Rh sc" 24
Rh sc" 27
Rh k" 13
Rhk 16
Rhm 17

Implanted
bilarninar
blastocyst

4

4

7

8/4/83
8/4/83
11/4/83

Rh sc· 1
Rh sc· 3
Rh sc· 6
Rhm 22
Rhm 27
Rhm 28
Rhm 30
Rhm 123

19/4/83
20/4/83
20/4/83
20/4/83
5/4/85

Primitive
amniotic
cavity

Rh sc"
Rh k"
Rhm
Rhm
Rhm
Rhm
Rhm

20
13
22
23
27
28
30

8/4/83
19/4/83
19/4/83
20/4/83
20/4/83
20/4/83

Embryonic
disc/plate

Rh sc"
Rh k"
Rhm
Rhm

1
13
19
27

8/4/83
19/4/83
20/4/83

Trilaminar
blastocyst

Rhm 19
Rhm 23

19/4/83
19/4/83

8

1

4

2

Neural groove

Rhm 37

4/5/83

1

Allantoic
diverticulum

Rh m 33
Rh m 36
Rhm 39

4/5/83
4/5/83
4/5/83

3

Early limb-bud
Late limb-bud
Early mid-pregnancy

Rh m 35
Rh m 32
Rh m 53

4/5/83
4/5/83
30/5/83
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Table 1. (Contd.)
Stage of
development

Specimen no.
as entered in the
collection diary

Late mid-pregnancy
Advanced
pregnancy/full
term

Rhm
Rhm
Rhm
Rhm
Rhm

Full term placental
disc and umbilical
cord

Rhm 81

41
40
58
61
70

Date of
collection
29/5/83
29/5/83
30/5/83
30/5/83
19/6/83

No. of specimens of a
particular stage studied
for the present report
I
4

7/7/83

Rh sc" marked specimens are those in which the individual dates of collection were
erased in the fixative due to wrong labelling.
Rh k" are specimens which looked bigger than the rest and were thought to be
representatives of a different species but were later confirmed to be the same. The
verification was done by the British Natural History Museum, England.

stained. Most of the uterine glands had darkly staining columnar cells with basally
situated darkly staining nuclei. The lumina of the glands contained an eosinophilic
secretion. Strands of loose connective tissue separated adjacent glands and several
fine maternal blood capillaries occurred in the edematous zone. A narrow zone of
compact endometrium occurred between the edematous zone and the myometrial
layer. In many places narrow fluid-filled spaces occurred between the deeper
compact endometrial zone and the myometrium.
An interesting feature of the progestational uterine reaction in this animal relates
to the fact that only one ovary releases the ovum during each cycle and the embryo is
invariably implanted in the ipsilateral cornu, but both the uterine cornua exhibit
equally pronounced progestational changes.
In a slightly more advanced morula which was made up approximately of 40 cells,
the zona layer appeared to have become very thin, and, in some places, it had
become artifactually ruptured. The nature of the cells of the morula was the same as
before.
There were significant changes in the structure of the uterus. The uterine
epithelium in most places had increased in height and appeared to be composed of
4-5 layers of cells due to the occurrence of the nuclei of the cells at different levels,
specially in some regions where the cell walls appeared to have broken down leading
to the formation of a plasmodium-like structure. In some of these regions the uterine
epithelium had become separated from the underlying endometrial stromal tissue
and a space had formed between the epithelium and the underlying endometrium.
There was no change in the nature and distribution of the uterine glands except that
the proximal ends of some of the glands seemed to have disintegrated and their cells
had become merged with the endometrial stromal tissue. In such regions the
endometrial stroma subjacent to the uterine epithelium appeared to be more
compact than the rest of the edematous zone of the endometrium. The fundic ends of
some of the glands had become enlarged into large spherical balloon-shaped
structures with thin walls composed of low cubical cells. The rest of the segments of
the uterine glands were composed of columnar cells, and the wall of these glands had
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become collapsed towards the centre of the gland thereby reducing the width of the
lumina of the glands. In all these cases the nuclei were basally situated, spherical and
darkly staining. An important change in the uterine edematous zone was the
pronounced increase in the vascularisation of this zone where numerous blood
capillaries were present. There was no change in the deeper compact zone of the
endometrium where the cells were closely crowded together and possessed dark
irregularly shaped nuclei.
3.2b Unilaminar blastocysts: Early free unilaminar blastocysts (figures 2--4) were
present near the cranial end of either the left or the right uterine cornu around the
end of March. Gradually with growth they were seen in the tubo-uterine junction, in
the uterine lumen (figures 5 and 6) and later in a slightly enlarged pocket of the
uterine lumen (figure 7). A thick eosinophilic zona pellucida seen in the early stages
thins and appears as a partially dissolved irregular mass around the embryo in
slightly more advanced stages, disappearing altogether in later stages.
The inner cell mass was made up of compactly arranged cells each having
granular cytoplasm and a spherical nucleus containing a darkly staining nucleolus
and irregularly scattered chromatin material which, after differentiation consists of
large polygonal cells. The embryonic mass with advancement is made up of a group
of compactly arranged cells attached to one side of the blastocyst.
The trophoblast was made up of cuboidal cells, cubical to nat in later stages, with
spherical nuclei each with a darkly staining nucleolus. The blastocyst cavity occurred
on one side. The trophoblast cells lay at considerable distances from one another and
were connected by thin cytoplasmic strands.
The uterine lumen was small initially slowly widening with the growth of the
embryo. The uterine epithelium was intact on all sides and consisted of tall columnar
cells, As the lumen widened the epithelium had become thicker and taller on all the
sides of the uterus and, in most places, it presented a multilayered appearance due to
the close approximation of the nuclei which lay at different heights. In many places
the cell walls were not distinct in the epithelium and in most of the regions the
epithelium had become separated from the underlying endometrial stroma.
The deeper segments of the uterine glands had large lumina. The gland epithelium
was composed of cuboidal cells with darkly stained basally located nuclei, and their
lumina contained eosinophilic secretion. The endometrium was richly vascularized
and had numerous blood capillaries which appeared to be markedly enlarged near
the luminal border of the endometrium. In a later stage the glands were long, tubular
and coiled and opened into the uterus on all sides. They had wider lumina and the
gland epithelium was composed of cuboidal cells. Immediately subjacent to the
epithelium the luminal ends of many uterine glands had undergone disintegration
and their cells had become merged with the cells of the endometrial stroma.
However, in the deeper regions the glands were elongated, coiled and had distinct
lumina, many of which, had enlarged into balloon-shaped spherical fundic ends. The.
gland epithelium was uniform and was composed of cubical to low columnar cells
with centrally placed darkly staining nuclei. The endometrial stroma in the deeper
regions was edematous. Numerous maternal blood capillaries traversed the thickness
of the stroma. Thus, this part of the endometrium appeared to be richly vascularized.
The endometrium at the maternal border was compact and formed a thin layer
separating the myometrium from the edematous zone of endometrium.
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Figures 1-4. 1. Transverse section of the uterus containing an early free uterine morula.
Note the distinct zona pellucida and the presence of interceIlular spaces. Uterine lumen is
slit-like and the uterine epithelium is made up of columnar ceIls. Note the long coiled
uterine glands (x 250). 2 and 3. Section of the uterus containing a free blastocyst
enveloped by a distinct zona peIlucida. The embryonic mass has differentiated into a bunch
of ceIls at one pole of the blastocyst while the blastocyst cavity occurs on the other pole.
Note the edematous superficial zone of endometrium containing long coiled glands and
many blood capiIlaries (2. x 95; 3. x 250). 4. An advanced free unilaminar blastocyst.
The zona pellucida (arrow) is thin and occurs on one side (x 410).
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Figures 5-8.

For caption, see p. 282.
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3.2c Bilaminar blastocysts: Seven free bilaminar blastocysts in different stages of
development were observed in detail. They were found in the cranial segment of the
uterus (figure 8), enlarged into a pocket in some cases (figure 9). The embryonic mass
was expanded into a thick fusiform disc (spindle-shaped in sectional views) with two
to three cell thickness in the centre of more advanced stages, gradually tapering
towards the margins.
A few blastocysts (figures 11 and 12) had just come into contact in a few places
with the uterine wall. The flat embryonic disc in one (figure 10) faced the side of the
uterus which was slightly lateral to the mesometrial side while in the other (figure 12)
a small amniotic cavity was present in the embryonic plate which was facing the
mesometrial side of the uterus.
Endoderm had differentiated and occurred as a lining of flat cells under the
trophoblastic wall of the blastocyst. The endodermal cells were cuboidal underneath
the embryonic disc and were widely separated and flat (in sectional views) and were
connected with one another by thin cytoplasmic strands in the rest of the blastocyst.
With the free bilaminar blastocysts lying in the uterine lumen the uterine
epithelium had become tall and appeared multilayered. It was separated from the
underlying endometrial stromal tissue in some places by narrow slit-like spaces. In
later stages the epithelial cells in the process of disintegration had lost their cell walls
and hence, their definitive shape. In the blastocysts which had just come in contact
with the uterine wall the epithelium was reduced in height and attenuated. In a few
places, the trophoblast had proliferated to form small conical masses which were
embedded in the epithelium (figure 11).
Uterine glands and endometrium also underwent changes with the growth of the
blastocysts. In the early stages the proximal segments of most glands lying subjacent
to the uterine epithelium had undergone disintegration, and their cells had merged
with the cells of the endometrial stroma giving a compact appearance to the zone of
endometrium. Numerous blood capillaries were present in this zone. The distal
segments were enlarged with large lumina bordered by low cubical cells and were at
various stages of destruction. In later stages they had lost their epithelium. The
coiled uterine glands occurred on all the sides. The stroma was edematous in the
deeper regions of the endometrium. A thin layer of compact endometrium was
present between the edematous zone and the myometrium. By the time the
blastocysts were implanting the compact zone of endometrium occupied about half
the thickness of the endometrium and no gland was seen in this zone. A few
expanded fundic ends of the glands with flat cuboidal epithelium occurred in the

Figures 5-S. 5 and 6. Section of the uterus containing a hatched free unilaminar
blastocyst. Note the occurrence of nuclei of the columnar epithelial cells at different levels
giving the epithelium (arrow) a multilayered appearance. The pronounced edematous
condition of the superficial zone of the endometrium is sharply demarcated from the deeper
compact endometrium (5. x 95; 6. x 250). 7. Section of the uterus containing an
advanced free unilaminar blastocyst. In the figure, the embryonic mass is distinct but the
abembryonic part of the blastocyst appears to have torn out artifactually. Note the uterine
epithelium being separated from the endometrium. Note the presence of numerous coiled
glands in the superficial edematous zone of the endometrium (x 95). 8. A free early
bilaminar blastocyst is seen in an expanded chamber of the uterine lumen. The embryonic
mass is discoid. The endodermal layer has extended on all the sides of the blastocyst.
Uterine epithelium appears to be undergoing some cytolytic change. Note the compact
nature of the superficial endometrium and the absence of distinct glands therein (x 120).
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Figures 9-12. 9. Section of the uterus containing an advanced free bilaminar blastocyst.
Please see text for description ( x 250). 10. Part of the section of the uterus containing an
implanting blastocyst. Note some of the disintegrating glands in the superficial zone of the
endometrium (white arrow) (x 95). 11. Part of figure 10 enlarged to show the proliferation of the trophoblast and its invasion into the uterine epithelium in the form of
conical protuberances (white arrowhead) (x 250). 12. Part of the section of the uterus
containing an implanting late bilaminar blastocyst. Note the presence of a primitive
amniotic cavity (shaded arrow). Please see text for description ( x 250).
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deeper edematous zone of the endometrium. Numerous maternal blood capillaries
irrigated the compact zone of the endometrium.
3.3

Implanted bilaminar blastocysts

In a late bilaminar blastocyst (figure 13), which had established contact with a part of
the uterine wall, the blastocyst was composed of a flat embryonic mass two to three

14

•

Figures 13-15. 13. Section of the uterus containing a late implanted bilarninar blastocyst.
Please see text for description. Arrow points to the thin roof of the primitive amniotic cavity
( x 250). 14. The embryonic part of an advanced bilaminar blastocyst with a large
primitive amniotic cavity (arrow). Please see text for description (x 95). 15. Embryonic
part of an early trilaminar blastocyst. Please see text for description. Arrow points to the
mesoderm layer beneath the embryonic plate ( x 95).
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cells thick within which a small space, the primitive amniotic cavity was present. The
trophoblastic layer, which formed the roof of the cavity, had become stretched and
occurred as a thin membrane of flat cells with small darkly staining nuclei. The
embryonic plate was facing the mesometrial side and the abembryonic wall was in
contact with the antimesometrial side. The endodermal layer was differentiated and
formed a distinct lining to the inner surface of the embryonic mass. The endodermal
cells were widely scattered underneath the trophoblastic layer on all the sides and
were connected with adjacent cells with fine cytoplasmic strands.
In a later stage the blastocyst had established contact on its entire surface with the
uterine wall such that there was no remnant of the uterine lumen at this level. Figure
18 schematically illustrates the morphological relationship of the blastocyst to the
uterus at this stage. In a considerably more advanced stage of development the
embryonic plate had expanded and there was a distinct primitive amniotic cavity
within it (figure 14).
The changes in the uterus in early stages of implantation were a little more accentuated than those observed at the implanting bilaminar blastocyst stage. However, in
the more advanced stages of development of implanted blastocysts the uterine epithelium had become extremely attenuated to form a very thin membrane in most places,
and wa.s altogether absent from a few places where, the trophoblastic layer was in contact with the endometrium. In a few places, where the epithelium still persisted intact, the

16
Figures 16 and 17. 16. Lateral wall of the uterus containing the blastocyst shown in figure
15. Note the superficial zone of syncytiotrophoblast (arrow) into which the basal cytotrophoblastic layer has entered in the form of blunt projections (arrowhead) (x 95). 17.
Part of the figure 16 magnified to show the syncytiotrophoblastic zone (white arrow) and
the invading cytotrophoblastic projections (shaded arrow). Arrowhead points to the
endodermal layer ( x 250).
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u.g

Figure 18. Semischematic drawing to illustrate the morphological relationship between the
implanted blastocyst and the uterus. Please see text for description (mes, mesometrium;
p.arn.c, primitive amniotic cavity; u.g, uterine gland).

cells showed distinct signs of degeneration-their nuclei had become irregular and
pycnotic and the cytoplasm vacuolated. The entire uterine wall at the nidation level
had become compact due to the disintegration of the glands and the merger of these
cells among the cells of the stroma. Only a few small fundic bulb-like remnants of
glands with their wall occurred just below the myometrial layer,

3.4 Trilaminar blastocysts
A more advanced stage than the previous one but which is technically a trilaminar
blastocyst stage had completely implanted (figure 15). The embryonic plate was wide
and had expanded and formed the floor of a large primitive amniotic cavity, whose
roof was formed by the superficial layer of basal cytotrophoblast since the trophoblastic layer which had formed the original roof of the primitive amniotic cavity had
disappeared. The embryonic plate was facing the mesometrial side of the uterus.
Mesoderm had differentiated and occurred underneath the embryonic plate as a
layer ofloosely arranged cells but had not extended beyond the embryonic plate. The
trophoblast had undergone proliferation and had entered the endometrial tissue and
had formed a narrow zone of syncytiotrophoblast (figures 16 and 17) on all the sides
of the implantation chamber. In some places the basal cytotrophoblastic layer had
entered the syncytial zone in the form of numerous small solid finger shaped or clubshaped projections composed of darkly staining small cells. The deeper regions of the
endometrium were compact and there were very few remnants of the fundic segments
of the glands in this region.
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Discussion

The two sides of the female genitalia are equally functional and either ovary may
release an ovum in each cycle. The embryo reaches the uterus as an early morula as
is also observed in most bats excepting pteropids, emballonurids and phyllostornatids (Rasweiler 1979).
The early orientation of the embryonic mass is mesometrial in R. microphyllum
and as the embryo advances in development the embryonic mass expands into a disc
which also faces the mesometrial side.
The blastocyst gets attached to the uterus on its entire surface otherwise referred
to as diffuse or circumferential (Srivastava 1952; Gopalakrishna 1958).
The primitive amniotic cavity is formed within the embryonic mass in the form
of a few small intercellular spaces which coalesce and enlarge into a large cavity. The
roof of the primitive amniotic cavity persists and undergoes proliferation and enters
the uterus. The definitive amnion is formed by the development of folds from the
margins of the embryonic disc.
Acknowledgements

The author is grateful to Prof. A Gopalakrishna for his guidance and help and to the
University Grants Commission and Council of Scientific and Industrial Research,
New Delhi for financial assistance. The author is also thankful to the authorities of
the Tinplate Company of India Limited, Jamshedpur, for their constant
encouragement.
References
Anand Kumar T 1965 Reproduction in the rat-tailed bat, Rhinopoma kinneari; J. Zool. 147 147-[55
Gopalakrishna A 1958 Foetal membranes in some Indian Microchiroptera; J. Morphol. 102 157-197
Koopman K F 1984 A synopsis of the families of bats-Part VII. Bat Research News 25 25--27
Pearse AGE [968 Histochemistry-Theoretical and applied (London: J and A Churchill Ltd.)
Rasweiler IV J J 1979 Early embryonic development and implantation in bats; J. Reprod. Fertil. 56
403-416
Srivastava S C 1952 Placentation in the mouse-tailed bat, Rhinopoma kinneari; Proc. Zool. Soc. (Calcutta)
5 105-131

