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Abstract. The amnion expands to accommodate the growing foetus without undergoing any noticeable histological change. The yolk sac is large and forms an extensive chorio-vitelline placenta on the lateral sides of the uterus during early stages of
gestation. However, due to the extension of the exocoelom and the expansion of
the amniotic cavity the vascular splanchnopleure of the yolk sac is separated from the
placenta and is invaginated towards the abembryonic trilaminar omphalopleure. The
endodermal cells of the yolk sac hypertrophy as the yolk-sac wall gets vascularized, and
the mesodermal cells enlarge only during the final stages of pregnancy. The allantoic
vesicle, which is large during early stages of gestation, becomes progressively reduced
and is finally lost during the final stages of pregnancy. The placenta, which is extensive
during early stages, becomes restricted to a discoidal structure on the mesometrial
side of the uterus. The definitive placenta is labyrinthine and vasomonochorial.
Numerous free chorionic villi, which come into direct contact with the decidua at the
margin of the placental disc, constitutes an accessory syndesmochorial placenta.
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Abbreviations
all. pl,
all. v.
am,
am.c,
bi. om,
ch. pl,
ch-v. pl,
exo,
mes,
trio om,
U. gl,
y-s. c,
y-s. spl,

allantoic placenta
allantoic vesicle
amnion
amniotic cavity
bilaminar omphalopleure
chorionic placenta
chorio-vitelline placenta
exocoelom
mesometrium
trilaminar omphalopleure
uterine gland
yolk-sac cavity
yolk-sac splanchnopleure

1. Introduction
Information concerning the development of the foetal membranes and the structure of
the definitive placenta is available with regard to one or a few species of 10 out of 17
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families of Chiroptera, namely, Pteropidae (Gohre 1892; Selenka 1892; Van der
Sprenke11932;Moghe 195],1956; Wimsatt 1954, 1958; Karim 1973), Rhinopomatidae
(Srivastava 1952; Gopalakrishna 1958; Wimsatt 1958), Emballonuridae (Gopalakrishna 1958; Wimsatt and Gopalakrishna 1958), Noctilionidae (Anderson and
Wimsatt 1963), Rhinolophidae (Branca 1927; Van der Sprenkel1932; Gopalakrishna
and Bhiwgade 1974; Bhiwgade ]976, 1977), Hipposideridae (Gopalakrishna 1958;
Gopalakrishna and Moghe 1960; Jeevaji 1973; Gopalakrishna and Karim 1976a, b),
Phyllostomatidae (Hamlett 1934, 1935; Wislocki and Fawcett 1941; Wimsatt 1958;
Bodley 1974), Desmodontidae (Wimsatt 1954, 1958; Bjorkman and Wimsatt 1968),
Vespertilionidae (Duval 1894, 1895, 1896; Branca 1927; Grosser 1927; Gerard 1928;
Kempermann 1929; Ramaswami 1933; Wimsatt 1945; Gopalakrishna 1950a, 1958;
Vacek 1959; Enders and Wimsatt 1968; Phansalkar 1972; Sapka11973; Gopalakrishna
and Sapkal 1974) and Molossidae (Hamlett 1934; Mossman 1937; Wimsatt 1958;
Stephens 1962, 1969). The only report on the embryology of a megadermatid bat
is a brief, and somewhat erroneous description of the full term gravid uterus of M egaderma lyra lyra (Gopalakrishna 1950b).
The present study has been undertaken not only because there is no information
concerning the development of the foetal membranes in any species of the family
Megadermatidae but also with a view to correcting the errors in the descriptions of the
full term uterus of Megaderma lyra lyra (Gopalakrishna 1950b).
The material used and the methods employed for the present study have already
been described in an earlier report (Gopalakrishna and Khaparde 1978).

2. Observations
2.1. Morphogenesis of the foetal membranes
The early development of the amnion has already been described (Gopalakrishna and
Khaparde 1978). During the rest of the gestation period the amnion only increases
in extent to accommodate the growing foetus without undergoing any recognizable
structural change. Hence, the details of the structure of the amnion are not given
in the following descriptions.
For the sake of convenience the changes in the gross topography of the foetal
membranes during the development of Megaderma lyra lyra are described under four
distinct stages.
2.1.1. Neural groove stage: The general disposition of the foetal membranes is
illustrated in figure 1. A shallow depression in the center of the embryonic plate gives
evidence to the formation of the neural groove. The embryonic plate is arched over
by a thin bilaminar amnion forming the roof of the amniotic cavity on the dorsal side
of the embryonic plate which is directed towards the mesometrial side of the uterus.
A large yolk sac, whose wall is in contact with the lateral and antimesometrial sides
of the uterus, lies on the ventral side of the embryonic plate. Extra-embryonic
mesoderm carrying vitelline vessels has extended into the embryonic half of the yolksac wall. The distal abembryonic wall of the yolk sac is, however, bilaminar being
composed of the trophoblast and the extra-embryonic endoderm layers only. Exo-
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coelom has formed and has extended on all the sides of the amnion thereby separating
the amnion from the chorion.
The placenta, whichis the most conspicuous structure in stained sections, occurs in
the form of a spherical cup with its base towards the mesometrial side and progressivelythinning walls on the lateral sides of the uterus. The placenta can be recognized
into two distinct regions-the chorio-vitelline placenta on the lateral sides of the
uterus where the vascularized regions of the yolk-sac wall is in intimate apposition
with the placenta, and the chorionic placenta on the mesometrial side of the uterus.
On the antimesometrial side the bilaminar omphalopleure is in contact with the
uterine endometrial connective tissue without there being any incursion of the foetal
tissues into the maternal tissues. Fundic parts of numerous uterine glands lie in the
deeper regions of the uterine wall on all its sides.
With the progressive deepening of the neural groove, the extra-embryonic mesoderm
extends to the distal wall of the yolk sac thereby enveloping the yolk-sac wall on all
its side and converting the bilaminar condition of the distal segment into a trilaminar
one. However, vitelline vessels do not extend to the distal abembryonic segment of
the yolk sac.
Even as the neural groove closes up the allantoic diverticulum develops (figure 5)
and grows out carrying with it a cavity-the allantoic vesicle-which is continuous
with the hind gut of the foetus. At this stage exocoelom expands considerably
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Figure 1. Semischematic drawing to illustrate the arrangement of the foetal membranes of Megaderma lyra lyra at the neural groove stage of development of the
embryo.
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and extends for a short distance on the roof of the yolk sac thereby splitting the
yolk sac wall into a splanchnopleure, which carries the vitelline vessels, and the
somatopleure which is in contact with the placental surface.
2.1.2. Early limb-bud stage (figure 2): The foetus has developed one pair of limbbuds and has grown considerably resulting in the expansion of the amniotic cavity.
This has resulted in pushing the roof of the yolk sac on the embryonic side
towards the abembryonic trilaminar omphalopleure. Since exocoelom has also
expanded and has extended further into the yolk sac wall than in the previous
stage, the choriovitelline placenta has been abolished in the proximal embryonic
region. However, a small area of the vascular splanchnopleure is still in apposition with the placenta on the lateral sides of the uterus so that the chorio-vitelline
placenta is still present in this small area.
The allantois carrying foetal blood vessels and a large allantoic vesicle has spread
on the foetal surface of the placenta on the mesometrial side, where the chorionic
placenta was present during the previous stage. The placenta now occurs as a
thick walled bowl occupying the mesometrial and part of the lateral sides of the
uterus.
At this stage, therefore, both chorio-vitelline and chorio-allantoic placenta are
present but in different regions of the uterus. One fundamental histological difference
between the two is that whereas the foetal vessels lie only on the foetal surface of the

Figure 2. Semischematic drawing to illustrate ihe disposition of the foetal membranes at the early limb-bud stage.
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chorio-vitelline placenta they enter the placental complex in the chorio-allantoic
placenta.
2.1.3. Late limb-bud stage: This stage is characterized by the development of both

the pairs of limb-buds in the foetus. The disposition of the foetal membranes at
this stage is illustrated in figure 3. The expansion of the amniotic cavity and the
extension of the exocoelom cause the complete separation of the yolk-sac splanchnopleure from the somatopleure so that the chorio-vitelline placenta is abolished altogether. The vascular splanchnopleure lies as a folded structure pushed
towards the abembryonic trilaminar omphalopleure.
The allantois has spread on the entire foetal surface of the placenta making it completely chorio-allantoic. The allantoic vesicle has become considerably reduced
and occurs as a small space embedded in the allantoic mesenchyme near the foetal
surface of the placenta. The placenta is now in the form of a corcavo-convex disc
with the thick central part on the mesometrial side.
2.1.4. Full term (figure 4): The amniotic cavity is large and has considerably

reduced the extent of the exocoelom. The yolk sac lies as a collapsed structure
with the trilaminar omphalopleure in close apposition with the uterine wall on the

tri·om
Figure 3. Semischematic diagram to indicate the arrangement of the foetal membranes
at the late limb-bud stage.
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antimesometrial aide, and the highly folded, collapsed vascular splanchnopleure
lying mostly adjacent to the trilaminar omphalopleure. A part of the proximal
region of the collapsed splanch nopleure lies beneath the placental disc on the
mesometrial aide apparently because this part of the yolk sac wall is pulled towards
the' base 'of the umbilical cord as the foetus changes its orientation and comes to
lie With its ventral side facing the placental disc.
The allantoic vesicle disappears completely during the last trimester of gestation,
and even the allantoic duct within the umbilical cord has lost its lumen and occurs in
the form of a solid cord in the proximal half of the length of the umbilical cord for
some time (figure 6), but this also disappears a few days prior to parturition.
The placenta is in the form of a thick disc placed squarely on the mesometrial side
of the uterus.
2.2. Histological changes in the foetal membranes
2.2.1. Yolk sac: The most conspicuous histological change in the yolk sac pertains
to the progressive hypertrophy of the endodermal cells, first with the extension of
the vitelline vessles and then with the separation of the splanchnopleure from the
somatopleure due to the expansion of the exocoelom. Hence, at the neural groove
stage of the development of the embryo, whereas the abembryonic bilaminar
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Figure 4. Semischematic drawing to show the general topography of the foetal
membranes of Megaderma lyra lyra at full term.
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Figures 11-14., H.,and 12. Two stages of the early formation or-the chorionic villi.
In 11 one of the cytotrophoblastic columns is solid (arrow) and another has become
near the foetal surface (arrow head). In 12 the chorionic villi have expanded resulting
in the early formation of the placental tubule. 11. x 240; 12. x 140.
13. Placental tubules at late limb-bud stage. x 60. 14. Part of the placenta at
mld-preznancv to show the presence of a distinct PAS-positive membrane (arrow)
surrounding maternal blood capillaries within the placental tubules. x 240.
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segment of the yolk sac wall has flat squamous endodermal cells, the vascular
segment of the yolk sac has cuboidal endodermal cells. The endodermal cells
become large, columnar and vacuolated in the free splanchnopleure (figure 7) at
the early limb-bud stage and onward. In the trilaminar omphalopleure the
endodermal cells are only slightly enlarged and become low cuboidal at late limbbud stage. The free yolk sac splanchnopleure lying beneath the placental disc at
full term becomes highly folded and the folds project into the yolk sac lumen which
is reduced to narrow spaces bordered by large, columnar, vacuolated cells. At this
stage the mesodermal cells in the splanchnopleure also hypertrophy and become
cuboidal (figure 8). However, the mesodermal cells remain fusiform throughout
gestation in the distal abembryonic region, where the trilaminar omphalopleure is in
contact with the uterine wall.
2.2.2. Histogenesis of the placenta: Immediately after implantation of the blastocyst
the trophoblast undergoes proliferation and penetrates the superficial layers of the
endometrium after destroying the uterine epithelium. Likewise, the trophoblast
enters the wide lumina of the uterine glands. Concomitantly, the cells of the
uterine glands and the endometrial storma lose their cell walls and become converted into a symplasma. These changes occur on all the sides of the uterus and
extend progressively deeper into the uterine endometrium. The penetrating
trophoblast soon sends solid columns of cells which become rooted and get
branched in the symplasma. These events have been described by Gopalakrishna
and Khaparde (1978). Thus, within a short time after implantation, the trophoblast
establishes with the uterine endometrium a placental relationship. which is more
pronounced on the mesometrial side than on the rest of the uterus. This structure
was referred to as the • trophoblastic placenta' by Gopalakrishna (I950a) and as
• preplacenta ' by Fischer and Mossman (1969) • since, it is in a sense a stockpile of
trophoblast and maternal blood channels which is converted into the definitive
placenta by the invasion of foetal allantoic vessels' (Fischer and Mossman
1969).
Within a short time the penetrating trophoblast becomes syncytial and surrounds
the maternal capillaries in the endometrium after having destroyed the endometrial
stromal tissue. Hence, a zone of syncytiotrophoblast is formed which is thick on the
mesometrial side and relatively thin on the antimesometrial side (that is, the abembryonic side). As the embryo expands the zone of symplasma on the antimesometrial
side becomes further thinned out and is eventually completely lost so that the basal
layer of trophoblast is in contact with the uterine wall in this region. By the time the
embryo reaches the neural groove stage of development the placenta becomes cupshaped. The trophoblast can be recognized into a basal layer of cytotrophoblast and
a zone of syncytiotrophoblast (figures 9 and 10). As the maternal blood capillaries
are surrounded by the syncytiotrophoblast the cells of the endothelium of the maternal
capillaries become hypertrophied. At this stage the extra-embryonic mesoderm has
also spread on the foetal surface of the placenta converting the trophoblastic placenta
into a chorionic placenta. Concomitantly, the basal layer of cytotrophoblast
sends out into the syncytiotrophoblastic zone numerous solid cords of cellular
trophoblast which appear in stained sections as parallel columns of darkly stained
cords embedded within the syncytiotrophoblast (figure 9). Soon however, these
columns become hollow commencing from the foetal surface and extending deeper
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into the solid cords thereby converting the solid cords into hollow villi into which
enters mesoderm from the foetal side (figures 10-12). The conversion of the solid
cords into villi synchronizes with the further hypertrophy of the endothelial cells of
the maternal blood capillaries within the syncytiotrophoblastic mantle.
Marked changes occur in the histological structure of the placenta after the chorionic placenta becomes vascularized by allantoic vessels. The progressive Widening of
the chorionic villi results in compressing the maternal vascular channels enclosed in
the syncytiotrophoblast. Hence, the maternal vascular channels surrounded by an
inner sheath of syncytiotrophoblast and an outer layer of cytotrophoblast appear in
stained sections in the form of parallelly arranged tubules-the placental tubules
(Gopalakrishna and Moghe 1960)-hangjng from the decidual border of the uterine
wall (figure 13). Sections stained with PAS procedure give evidence to the presence
of a prominent homogenous membrane intervening between the endothelial cells and
the syncytiotrophoblast (figure 14). Allantoic capillaries enter the spaces between the
placental tubules (that is, the chorionic villi) and establish the foetal vascularization
of the placenta.
Further changes in the structure of the chorio-allantoic placenta involves the reorganization of the abovementioned placental elements to form the definitive labyrinth.
There is an intense growth, branching and asastomosis ofthe placental tubules making
the placenta a labyrinthine one (figure 15). During the final stages of gestation the
cytotrophoblastic component of the placental tubules disappears and is progressively
converted into syncytiotrophoblast. Thus, each placental tubule at term consists of
an outer layer of syncytiotrophoblast and an inner lining of maternal endothelium.
The placental tubules are more closely arranged in the deeper regions of the placenta,
that is towards the decidual border, than on the foetal side.

2.2.3. Histological structure of the final chorio-allantoic placenta: At fun term the
placental labyrinth occurs as a closely packed network of tubules in which the
inter-tubular areas are compressed and are much less conspicuous than during
the earlier stages (figure 16). The cytotrophoblast is converted into syncytiotrohoblast due to the loss of the cell walls. Hence, the maternal blood capillaries
in the placenta are surrounded only by the syncytiotrophoblast in which oval or
irregularly shaped nuclei lie scattered in the homogeneous cytoplasm (figure 17).
Sections stained by PAS procedure show the presence of a nonfibrous membrane
intervening between the endothelial lining of the maternal capillaries and the
syncytiotrophoblast. The cells of the maternal endothelium are cubical and they
contain large spherical vesicular nuclei. The maternal blood is, therefore, separated
from the foetal blood by the following barrier-maternal endothelium and the PASpositive membrane, syncytiotrophoblast, foetal mesenchyme and the foetal blood
vessel wall. The placenta, therefore, conforms to the endotheliochorial type of
Grosser's (1927) classification of the placenta. Wislocki (1954) introduced the term
, vasochorial ' to describe such a placenta since it is the blood vessel wall rather than
the endothelial lining which is in contact with the chorion in such a placenta. Since
a single layer of trophoblast occurs in the placenta the final placenta should be defined as' vasomonochorial ' employing the terminology of Enders (1965) for haemochorial placenta.
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Figures 15-18. 15. Part of the placental labyrinth at mid-pregnancy. x 120. 16.
Part of the placenta at full term. Note the hypertrophied endothelial cells (arrow)
within the placental tubules. x 120. 17. Section of a placental tubule at full
term. There is only the syncytiotrophoblast (arrow) surrounding the maternal capillaries. Arrow head points to the nucleus of a cell of the maternal endothelium within
the placental tubule. x 320. 18. Chorionic villi (arrow) forming the syndesmochorial villous placenta at the margin of the placental disc at full term. The villi extend
towards the myometrial border of the uterus. x 60.
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2.3. The villous syndesmochorial placenta

The occurrence of a villous syndesmochorial placenta has been described by Branca
(1927) in Myotis myotis and by Wimsatt (1945) in Myotis lucifugus lucifugus. In
Megaderma lyra lyra also a villous syndesmochorial placenta is noticed on the margin
of the placental disc during the final stages of gestation. It consists of numerous
free chorionic villi which are directly in contact with the decidua basalis (figure 18),
each villous consisting of a core of mesenchyme surrounded by the chorionic
epithelium. With the continued destruction of the endometrial tissue of the decidua
some of the chorionic villi are eventually brought into apposition with the myometrium in some places.
2.4. Vascular pattern in the placenta
2.4.1. Maternal vascularization: Examination of serial sections of the definitive
placenta reveals that a large afferent maternal artery passes through the placental
disc near its center and runs up to the foetal border of the placenta. On its way
through the thickness of the placental disc it gives rise to three or four smaller
branches which also reach the foetal border of the placental disc. In addition to
these, three or four smaller arteries also enter the placental disc near the margin
of the placental disc and reach the foetal border of the placenta. After reaching
the foetal border all these arteries break up into smaller branches which extend
towards the margin of the placental disc in a radial manner along the foetal
surface of the placental disc. Maternal blood channels with-in the placental
tubules are connected to these radial vessels by narrow openings through which
maternal blood trickles into the placental tubules. After circulating through the
placental tubules in a course towards the decidual border the blood is drained into
large maternal venous channels at the decidual border of the placenta.
2.4.2. Maternal vascularization: The umbilical cord is relatively long (2 to 2.5 ems)
at full term and is spirally twisted three or four times. In transverse sections it
shows the presence of two umbilical arteries, one umbilical vein, one vitelline
artery and one vitelline vein (figure 6). The umbilical arteries break up into
radiating branches on the maternal surface of the placental disc and these branches extend towards the margin of the placental disc. From these arise smaller
vessels which enter the placental complex between the placental tubules. Foetal
blood is returned from the placental complex into the umbilical vein through fine
capillaries which are also present in the mesenchyme between the placental tubules.

3. Discussion

The location of the final placental disc in M egaderma lyra lyra was described erroneously as antimesometrial by one of the present authors (Gopalakrishna 1950b).
This error was caused because the large blood vessel with its surrounding connective
tissue on the antimesometrial side of the uterus was mistaken as the mesometrium in
the few gravid uteri the author examined. The present study involvingan examination
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of a large number of pregnant uteri at different stages of pregnancy has revealed that
the final placental disc is squarely on the mesometrial side. The placenta is circumferential during very early stages, but it becomes restricted to a discoid structure on
the mesometrial side as pregnancy advances. Among the other families of Chiroptera,
whose embryology is known, the placental disc is mesometrial in Pteropidae (Moghe
1951,1956; Mossman 1937; Karim 1973),Rhinopomatidae (Srivastava 1952; Gopalakrishna 1958), Rhinolophidae (Gopalakrishna and Bhiwgade 1974; Bhiwgade 1977),
Hipposideridae (Gopalakrishna 1958; Gopalakrishna and Moghe 1960; Gopalakrishna and Karim 1976b) and Molossidae (Stephens 1962). In Emballonuridae,
whose placenta extends from the mesometrial to the lateral sides, the mesometrial
moiety of the placenta is converted into an haematoma after mid-gestation (Gopalakrishna 1958; Wimsatt and Gopalakrishna 1958). In Noctilionidae (Anderson and
Wimsatt 1963) the placenta is located between the lateral and antimesometrial sides,
and in Desmodontidae and Vespertilionidae the placenta is on the antimesometrial
side. The placenta of Phyllostomidae occurs on the fundic side of the simplex uterus.
With regard to the finer structure, the placenta of Megaderma lyra lyra shoud be
designated as vasomonochorial since the maternal blood capillaries persist with the
wall and the endothelial lining as the maternal component and there is a single layer
of trophoblast (syncytiotrophoblast) as the foetal component of the placental barrier.
On comparing the placental barrier of Megaderma lyra lyra with that of other bats so
far studied it becomes evident that this species resembles some Pteropidae (Wimsatt
1958), Rhinopomatidae (Srivastava 1952; Gopalakrishna 1958), Emballonuridae
(Gopalakrishna 1958), Noctilionidae (Anderson and Wimsatt 1963), Rhinolophidae
(Gopalakrishna and Bhiwgade 1974; Bhiwgade 1977), Hipposideridae (Gopalakrishna 1958; Gopalakrishna and Moghe 1960; Gopalakrishna and Karim 1976b)
and a few species of Vespertilionidae (Branca 1927; Gerard 1928). Vacek (1959)
described the placenta of Myotis myotis as of a transient form between the syndesmochorial and haemochorial types. In Phyllostomatidae (Hamlett 1935; Wislocki 1941;
Rasweiler IV (1972, 1974; Bodley, 1974), Desmodontidae (Bjorkman and Wimsatt
1968)and the rest of the Vespertilionidae (Ramaswami 1933; Wimsatt 1945; Gopalakrishna 1950a; Enders and Wimsatt 1968; Gopalakrishna and Sapkal 1974) the
placenta is haemochorial.
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Figures 5-10. S. Section showing the embryo with allantoic diverticulum. Note the
distinct allantoic vesicle (arrow). x 32. 6. Section of the umbilical cord at advanced pregnancy to show the solid endodermal eord (arrow) x 28. 7. Part of
the free vascular splanchnopleure at early limb-bud stage to show the hypertrophied
endodermal cells (arrow). x 240. 8. Part of the yolk sac splanchnopleure below
the placental disc at full term. Note the hypertrophied endodermal and mesodermal cells (arrow and arrow head respectively). x 180. 9. Part of the uterus with
an embryo in the early neural groove stage. Note the thick zone of placenta and
also solid columns of cytotrophoblast (darkly staining) within the syncytiotrophoblastic shell. x 48. 10. Part of the foetal surface of the placenta of fig. 5. Note
the hypertrophied endothelial cells of the maternal capillaries (arrow) surrounded by
syncytiotrophoblast (arrow head). A solid cytotrophoblastic column is seen entering
the syncytiotrophoblastic zone. x 240.

