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Vascularisation of the placenta in some bats
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Abstract. Vascularisation or the placenta or several species or bats representing 8 families
is reported. Maternal vascularisation in all these bats is effected by a few large vessels
which pass through the entire thickness or the placenta and give rise to numerous radial
branches on reaching the foetal surface or the placenta, Maternal blood is returned
through placental tubules which empty into large venous channels at the utero-placental
junction. Foetal vascularisation is brought about by two allantoic arteries which capillarise
over the placental tubules, and a large allantoic vein. In the exchange areas there is mostly
crosscurrent circulation or the maternal and roetal bloods. Only in emballonurid bats is
there an haematoma from which maternal blood is not drained back but is absorbed by
cells or the trophoblast or chorionic villi.
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1. Introduction

The placenta of eutherian mammals is an unique structure in which two genetically
heterologous components, namely the maternal uterus and the foetal chorion come
into contact with each other during the gestation period. Each component has its
own blood supply. Nevertheless, metabolic exchange takes place between foetal and
maternal bloods although they are always separated by an interhaemal membrane
whose composition and thickness varies among different mammals. The structure of
the interhaemal membrane in the placenta has been described in many bats, but
details of blood supply to and drainage from the placenta have not been described
so far in any species except Miniopterus schreibersii juliginosus (Gopalakrishna and
Badwaik 1986). The placenta of Miniopterus is so unique, being composed of several
moieties-a primary, two secondary and two tertiary moieties (Chari and
Gopalakrishna 1984)-and vascularisation is so much unlike that in any other bat,
that the placenta of this species cannot be considered as typical of Chiroptera.
Typically, the placenta of bats is discoid and labyrinthine and the vascular pattern
is nearly same except for minor variations in species in which the placenta becomes
secondarily bidiscoidal or in which a deep pit occurs in the centre of the placenta,
or an accessory placental structure such as an haematoma is formed, The present
report is based on the examination of the placenta and umbilical cord at full term
of the following species: Rousettus leschenaulti, Pteropus giganteus qiqanteus;
Cynopterus sphinx (all belonging to Pteropodidae), Taphozous: longimanus
(Emballonuridae), Rhinopoma microphyllum kinneari (Rhinopomatidae), Megaderma
lyra lyra (Megadennatidae), Rhinolophus rouxi, R. luctus (both Rhinolophidae),
Hipposideros speoris, H. ater ater, H. Julvus, H. lankadiua, H. bicolor pallidus (all
Hipposideridae), Mormoops megaphylla, Pteronotus davyi (both Monnoopidae),
Chaerephon plicata, Tadarida aegyptiaca (both Molossidae), Scotophilus temmincki
and Pipistrellus ceylonicus chrysothrix (both Vespertilionidae).
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Materials and methods

Several specimens carrying full term pregnancy of all the species mentioned above
except the two mormoopid species were collected from their natural roosts and
their placental discs were cut out and fixed in neutral formalin or Bouin's fluid,
sectioned serially at 8-10 /lm thickness following the usual procedure of
dehydration by passing through graded ethanol, clearing in xylol and embedding in
paraffin. The sections were stained with Harris' haematoxylin and counterstained
with eosin. The allantois of each species was likewise processed. Two full term uteri
of each of the mormoopid bats studied here were obtained from the embryological
collection at the Cornell University, Ithaca, New York, USA. Fixed gravid uteri of
these specimens had been preserved in 70% ethanol. The tissues of these specimens
were processed as in the other cases. The blood vessels were traced on graph sheets
by examining serial sections and reconstructed from the tracings.

3.

Results

On the basis of morphology of the placenta two types of definitive placenta are
noticed among the bats studied here, viz. (i) discoid placenta as in most species or
secondarily bidiscoidal placenta as in rhinolophid and hipposiderid bats and
(ii) placenta composed of two moieties, a mesometrially located haematoma and a
laterally located placental disc, as in T. lonqimanus. The vascular pattern in the
placenta of molossid bats is described separately because of its uniqueness.

3.1

Maternal vascularisation

3.1a Simple discoid and bidiscoidal placenta: This is present in pteropids,
Rhinopoma, M egaderma, mormoopids, vespertilionids and molossids. There is a
common pattern of maternal vascularisation of the placenta in all these species. Six
to eight large afferent vessels enter the placental disc from the myometrial margin of
the placenta and pass through the thickness of the placental disc until they reach
the foetal surface of the placenta. A few of these vessels give rise to one or two
branches midway, but these branches also reach the foetal surface of the placenta.
After reaching the foetal surface each afferent vessel gives rise to numerous branches
which run radially towards the periphery of the placental disc. They give rise to
smaller branches which also run towards the periphery of the placental disc on the
foetal surface of the placenta. All these vessels may be referred to as radial vessels
(figures 1, 2, 10). Along their course the radial vessels open by small ostia into
numerous placental tubules, which lie in the form of parallel columns during early
gestation (figures 2, 11-13) but which become interconnected. to form a labyrinthine
structure during advanced stages of gestation (figure 14). Maternal blood is
returned to the uteroplacental junction through the placental tubules which drain
the blood into large venous channels near the uteroplacental junction (figures
2,15,16). The afferent vessels have an endothelial lining for a part of their length, but
this mayor may not persist in the radial vessels or in the placental tubules
depending on whether the placenta is endotheliochorial or haemochorial
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Figure 1. Radial vessels and their branches near the foetal border of a typical discoid
placenta in a bat. pl.d, Placental disc; r.v, radial vessel.

Figure 2. Section of a discoid placenta to illustrate maternal vascularisation or the
placenta. m.af.v, Maternal afferent vessel; m.ef.v, maternal efferent vessel; other legends as
in figure I. The arrows indicate the direction of blood flow.

respectively. However, one or two layers of trophoblast invariably surround the
radial vessels and the vascular channels in the placental tubules (figures 17-19).
In the haemochorial placenta (as in Rousettus, mormoopid and most
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vespertilionid bats) the placental tubules are surrounded by an inner layer of
syncytiotrophoblast and an outer layer of cytotrophoblast. In molossid bats, in
which the placenta is haemomonochorial, only cytotrophoblast surrounds the
placental tubules in the discoid placenta. Among the species having endotheliochorial
placenta such as hipposiderid, rhinolophid and megadermatid bats and Rhinopoma
the maternal endothelial cells in the placental tubules become hypertrophied and
contain large, vesicular nuclei (figures 17, 19) until about the final quarter of
pregnancy, when the endothelial cells become flat and possess fusiform, darkly
staining nuclei.
In rhinolophid and hipposiderid bats the placenta is bidiscoidal or it has a deep
and wide pit in the centre of the disc. Vascularisation of the placenta in these bats is
similar to what has been described for the simple discoid placenta.
3.1b Placenta with an accessory haematoma: In Taphozous and all other
emballonurid bats (Gopalakrishna 1958; Wimsatt and Gopalakrishna 1958; Sandhu
1986) the main placental disc lies on the lateral side of the gestation sac and the
mesometrial part of the placenta becomes secondarily converted into an
haematoma made up of numerous interconnected blood-filled chambers. The
maternal vascularisation of the main discoid placenta is similar to that noticed in
the normal discoid placenta (figure 3). However, the maternal blood supply to the

Figure 3. Maternal vascularisation of the placenta and haematoma in T. longimanus.
h, Haematoma filled with maternal blood (solid dark areas). Other legends and arrows as
in previous figures.
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haematoma is different. A few small blood vessels coming from the myometrial side
become ruptured, and blood is extravasated into 4-5 large broad interconnected
chambers. Each chamber is divided into many smaller interconnected chambers by
the formation of incomplete partitions composed of chorionic villi. Each chorionic
villus is composed of a layer of large cubical to columnar cells, which are directly in
contact with the extravasated maternal blood, and which form the maternal border
of the villus. The central core of each villus contains allantoic mesenchyme
composed of small fusiform or stellate cells and foetal blood capillaries. Maternal
blood in the haematoma is absorbed by the trophoblastic cells of the chorion. Thus,
there is no drainage of maternal blood from the haematoma.
3.2

Foetal vascularisation

Foetal vascularisation is brought about in all the bats through two allantoic
arteries and one allantoic vein. The general pattern of foetal vascularisation is
nearly same in the above mentioned two types of placenta with some minor
variations in the cases where an accessory placental structure like an haematoma
occurs as in emballonurid bats, or where there are two kinds of placenta as in the
molossid bats. The allantois carrying the two arteries is inserted to the placental
disc near about its centre in the simple discoid placenta (figure 4) and to the gap
between the two discs in the bidiscoidal placenta. On reaching the placental disc the
two allantoic arteries give rise to several branches which run along the foetal
surface of the placenta towards the margin of the placental disc. Along their course

a•.v -....-

Figure 4. Foetal vascularisation of a discoid placenta. all.a, Allantoic artery; all.v,
allantoic vein. Arrows indicate the direction of blood flow.
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they give rise to smaller vessels which enter the placental labyrinth between the
placental tubules. These vessels give rise to numerous arterioles which, in their turn,
give rise to capillaries, which form plexes of capillaries surrounding the placental
tubules (figure 5). Thus, the blood in the foetal capillaries flows nearly across and
some times obliquely to the blood stream in the placental tubules. In some places
the foetal capillaries may lie parallel to the placental tubules for some distance in
which case the maternal and foetal bloods run in opposite directions.
Complementary capillaries join to form venules which unite to form larger veins
and finally the allantoic vein in the umbilical cord (figure 4). In the case of
rhinolophid and hipposiderid bats, in which the placenta is bidiscoidal a vein
returns blood from each placental disc and these two veins join to form the
allantoic vein.
In the case of Taphozous a branch from one of the two allantoic arteries supplies
blood to the haematoma (figure 6). After reaching the haematoma this vessel gives

Figure 50 Arrangement of maternal and foetal blood channels near the foetal surface of
an endotheliodichorial placenta. b.m, Basement membrane; cy.l, cytotrophoblast; end,
endothelium; [a, foetal arteriole; f.v, foetal venule; pl.t, placental tubule; sy.t,
syncytiotrophoblast Arrows indicate the direction of blood flow. Other legends as in
previous ligures.
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Figure 6. Foetal blood supply to the haematoma in T. lonqimanus. h. Haematoma. Other
legends and arrows as in previous figures.

rise "to numerous branches which carry blood to the chorionic villi in the
haematoma. Complementary capillaries bringing blood from the chorionic villi
form one vein which returns blood from the haematoma to a vein coming from the
placental disc to form the allantoic vein.
3.3

Vascularisation in the placenta of molossid bats

The placentation in molossid bats is unlike that in other bats in several respects.
Although, at full term the placenta in these bats occur as a thick bulbous discoid
structure adjacent to the tubo-uterine junction on the mesometrial side of the
uterus, a well developed diffuse placenta co-exists with the discoid placenta for a
major part of the gestation period and disappears much after mid-pregnancy
(Stephens 1962, 1969; Sandhu 1986; Gopalakrishna et al 1989). The diffuse placenta
is endotheliodichorial and the discoid placenta is haemomonochorial. The
vascularisation is different in the two kinds of placenta. Until a little after midpregnancy. the allantois spreads over the entire foetal surface of the placenta and
two allantoic arteries give rise to several branches at the point where the allantoic
stalk is attached to the placenta. Along their course these branches give rise to finer
branches which spread on the foetal surface of the placenta. A few of these branches
supply the discoid placenta, while the others give rise to smaller arterioles, which
enter the placental labyrinth of the diffuse placenta where they give rise to
capillaries. The vascular supply to the placenta is illustrated in figure 7. The
capillaries form plexes which surround placental tubules in the diffuse placenta. A
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Figure 7. Foetal blood supply to -the diffuse and discoid placenta a little after midpregnancy in C. plicara. Solid black lines indicate foetal vessels. all.a, allantoic artery; all.v,
allantoic vesicle; am, amnion; d.pl, discoid placenta; mes, mesometrium; y-s.c, yolk-sac
cavity; z.pl, diffuse placenta.

complementary set of vessels return blood from the diffuse placenta to the allantoic
vein. With the progressive abolition of the diffuse placenta the two allantoic arteries
vascularise only the thick discoid placenta on the mesometrial side.
During early stages of gestation the discoid placenta is in the form of a thick pad
of cytotrophoblast. However, this becomes invaded by maternal vessels, which,
during the final stages of gestation, occur as relatively large labyrinthine canals
without endothelial lining but invested by one layer of cytotrophoblast ceUs. Foetal
mesenchyme carrying foetal blood vessels invade the placental pad in the form of
numerous thick, projections, and these become interconnected resulting in
compressing the maternal vascular channels invested by cytotrophoblast into
placental tubules. Fine foetal capillaries lie mostly across the placental tubules, and
most of them lie amidst adjacent cells of the cytotrophoblast surrounding the
maternal vascular channels (figure 20). Under the light microscope the foetal
capillary wall appears to be in contact with maternal blood in many places. The
return of foetal blood from the placenta to the allantoic vein is similar to that
noticed in the discoid placenta of other bats.
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The thickness of the interhaemal membrane is highly variable depending not only
on the number of layers of cells involved but also on the position of the foetal
capillaries with respect to the placental tubules. It is naturally thicker in the
endotheliochorial placenta than in the haemochorial placenta. Even among
haemochorial placentae, in the case of mormoopid and vespertilionid bats
(figure 18) the foetal vessels lie outside the layer or layers of trophoblast. However,
in molossid bats studied here the foetal capillaries in exchange areas lie in the wall
of the placental tubules between the cells of the cytotrophoblast with the result that
the foetal capillary wall appears to be in contact with maternal blood suggesting
almost an haemoendothelial condition. However, with the help of electron
microscope Stephens (1969) demonstrated the presence of a very thin cytoplasmic
membrane of the trophoblast separating the foetal blood capillary from the
maternal blood in the New World molossid bat, Tadarida brasiliensis cynocephala
(Stephens 1969; figure 27). This membrane cannot be defined by light microscope.

4. Discussion
From the foregoing it is evident that both maternal and foetal vascularisation of the

F"1pre II. Drawing modified and adapted from Mossman's (1937) figure 6-e and (1987)
figure 17.1-e to illustrate the countercurrent flow in the vascular pattern in an
haemocborial Iabyrintbine placenta as that of the ground squirrel (eitel/us). La, foetal
artery; [v, foetal vein; m.a, maternal artery; m.v, maternal vein. Arrows indicate the
direction of blood flow. Mossman's drawing has been inverted here.
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definitive placenta and its efficiency are nearly same in all the bats regardless of the
finer structure of their placenta. Perhaps, only in the emballonurid bats the presence
of an haematoma suggests that the discoid placenta of these bats may not be
physiologically adequate with regard to the metabolic requirements of the foetus.
This conclusion is borne out by the fact that foetal blood along with the
haemocytes is directly ingested and metabolised by the chorionic cells and the
products are transported to the foetus (Gopalakrishna 1958; Wimsatt and
Gopalakrishna 1958). It is also evident that the efficiency of the discoid placenta as
a remover of foetal metabolic waste is nearly same in all bats since the haematoma
in the emballonurid bats does not, apparently, take any part in the elimination of
foetal metabolic waste as there is no drainage of blood from the haematoma.
An interesting and important outcome of the present study is the light it throws
on the possible manner of exchange of substances between foetal and maternal
bloods in the placenta of bats. According to Mossman (1965, 1987) foetal and
maternal capillaries lie parallel to each other and the flow of blood in the two is in
opposite directions in labyrinthine placentae. He illustrated this concept in figures

rJgUre 9. Reconstruction of the arrangement of foetal and maternal blood channels in
about the middle of the thickness of the placental disc of the labyrinthine
endotheliodichorial placenta of M. I. lyra. This scheme is equally applicable to the discoid
labyrinthine placenta of other bats (except molossids) regardless of the nature of the
interhaemal membrane. Foetal blood capillaries lie mostly across or obliquely to the
placental tubules. b.m, Basement membrane; pl.t, placental tubule. Direction of blood flow
is indicated by arrows.
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Figures 16--13. For caption, see p. 303.
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Figures 14-17. For caption, see p. 303.
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Figures 18-21.

For caption, see p. 303.
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31·3 (1965) and 17·1 (1987). It must, however, be mentioned that he was referring to
the haemochorial placenta of rodents. For easy reference this concept is illustrated
with a slight modification in figure 8 in this study. As per this concept foetal arteries
extend nearly up to the maternal margin of the chorionic villi, where they give rise
to branches which turn back and give rise to capillaries, which lie parallel to the
placental tubules or trophoblastic tubules (Mossman 1987). On anatomical grounds
he suggested that there is a countercurrent exchange between foetal and maternal
bloods in labyrinthine placentae. The present studies on the placenta of several
species of bats belonging to diverse families has, however, revealed that foetal
arteries, which enter the chorionic villi between the placental tubules and carry
blood from the foetal surface of the placenta towards the myometrial border, give
rise to branches soon after they enter the villi, and side branches from these form
capillary piexes surrounding the placental tubules. Hence, these capillaries lie either
across or obliquely, but rarely parallelly, to the length of the placental tubules
(figures 18, 21). Therefore, the blood current in the foetal capillaries, which are
intimately in contact with the placental tubules, is mostly across the blood current
in the placental tubules (figure 9). Hence, there is a greater crosscurrent exchange
than a countercurrent exchange between maternal and foetal bloods in the placenta.
The schematic drawing given by Stephens (1969; figure 27) of the arrangement of
foetal and maternal blood capillaries in the placenta of T. b. cynocephala, nearly
describes the condition seen in the bats studied here except that the foetal
capillaries lying parallel to the maternal vascular channels are less common in the
bats studied here than shown to occur in T. b. cynocephala. The schematic drawing
given by Stephens (1969) indicates that, while many foetal capillaries lie across the
maternal blood channel, there is only one running parallel to the maternal blood
channel. Yet, in the text the author stated, 'the predominant orientation of the
foetal capillary bed is parallel to the maternal channel which they surround'. While
describing the figure he stated, 'the main orientation of the foetal capillaries (F)
round the maternal channel is longitudinal although numerous cross-over
capillaries are present'. Further, in a highly complex 3-dimensional network of a
biological system like the labyrinthine placenta, it is doubtful if the foetal blood
capillaries form a network of parallel vessels to the network of placental tubules
which themselves occur in a crooked and zigzag manner.
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Figures 1~13. 10. Section of the placental disc of M. megaphylla. Note the large
maternal afferent blood vessels (thick short arrow) passing through the thickness of the
placental disc and giving rise to a radial vessel (long arrow) running along the foetal
margin of the placental disc (x 25~ 11. Part of the placenta of M. I. lyra to illustrate the
radial vessel (arrow) and blood channels in placental tubules (x 80~ 12. Part of the
section of the placental disc of H. lankadiva to show cut ends of radial vessels. In one place
(arrow) a radial vessel has opened into 3 placental tubules ( x 6~ 13. Part of the section
of the placenta of P. c. chrysorhrix to show the cut ends of radial vessels (short black
arrows) near the foetal surface of the placenta, parallelly arranged placental tubules and
maternal efferent vessels (shaded long arrow) at the utero-placental junction (x 110).
Figures 14-17. '14. Part of the placenta of H. /ankadiva to illustrate the labyrinthine
nature of the placental tubules. Black short arrow points to the cut end of a radial vessel
and long shaded arrow points to the maternal blood capillary inside the placental
tubule ( x 70). 15. Part of the section of the placenta of M. megaphylla to illustrate the
presence of large maternal efferent vessels(arrows) in the maternal margin of the placenta.
Note several placental tubules opening into the efferent vessels (x 40). 16. Uteroplacental junction of H. /ankadiva. Note the efferent maternal vessels (arrows) into which
placental tubules open (x 65). 17. Foetal margin of the placenta of M. I. lyra showing the
detailed structure of a radial vessel (long shaded arrow) and placental tubule (short black
arrow). The endothelial cells lining the maternal blood vessels within the placental tubules
are hypertrophied and two layers of trophoblast envelop the maternal blood channel
(x 300).
Figures 18-21. 18. Part of the discoid placenta of M. megaphylla. Note the foetal vessels
(short black arrows) lying outside the maternal blood channels (long shaded arrow], While
some of the foetal vessels appear to lie parallely to the maternal vessels (thin long arrow)
most of them are only cut ends (short black arrows) indicating that they lie across the
maternal blood spaces (x 350). 19. Section of the placenta of H. lankadiIJa showing radial
vessels (long shaded arrow) near the foetal surface of the placenta, Note the large foetal
vessel (thick black short arrow) giving a branch between adjacent placental tubules
( x 300). 20. Part of the placenta of C. pUcara to show the presence of cut ends of foetal
capillaries (short black arrows) lying in the wall of maternal blood channels (long shaded
arrow) between the cells of the cytotrophoblast (x 315). 21. Section of the placenta of
H. lankadiva. Note cut ends of foetal capillaries (arrows) and longitudinally running
maternal blood vascular channel ( x 350).

