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A discoidal hemodichorial placenta is present in $cotophilus borbonicus. Evidence is presented which 
suggests that histotrophic nutrition, in addition to hemotrophic nutrition, occurs. The foetal trophospongium 
phagocytoses cell debris and glandular secretions derived from the maternal endometrium (decidua basalis). 
This cell debris forms a detritus zone between the decidua basalis and trophospongium. The existing concept 
of the basal lamina (intrasyncytial membrane) of the hemodichorial placenta is described in a modified form. 

'n Diskoidale hemodikoriale plasenta is teenwoordig in $cotophilus borbonicus. Bevindinge word voorgele 
wat aandui dat histotrofe voeding, bykomstig tot hemotrofe voeding, plaasvind. Die fetale trophospongium 
fagositeer seldebris en klierafskeidings afkomstig van die endometrium (decidua basalis). Die seldebris vorm 
'n detritussone tussen die trophospongium en die decidua basalis. Die bestaande konsep van die basale 
lamina (intrasinsitiale membraan) van die hemodikoriale plasenta word in 'n gewysigde vorm beskryf. 

"To whom correspondence should be addressed 

Histologically the microchiropteran placenta has been 
described as hemodichorial (Enders & Wimsatt 1968), 
i.e. the endothelium of the maternal blood vessels within 
the placental disc has been lost and is replaced by 
flattened processes of the syntrophoblast. However, the 
maternal endothelial basal lamina is retained and 
through it the processes of the syntrophoblast extend to 
line the maternal blood vessels. Futhermore, the 
syntrophoblast as well as the cytotrophoblast are 
retained as continuous layers, hence the name dichorial. 
The above-mentioned endothelial basal lamina is now 
known as the intrasyncytial membrane. This type of 
arrangement has been shown to exist in Myotis lucifugus 
(Enders & Wimsatt 1968), Desmodus rotundus 
(Bjorkman & Wimsatt 1968) and Thyroptera tricolor 
(Wimsatt & Enders 1980). 

The relationship that exists between fetal and 
maternal capillaries in the placenta has received much 
attention. In bats the intimacy of this relationship, as 
determined by membrane thickness, varies between 
families. 
In the Molossidae, foetal capillaries invade the chorionic 
epithelium to produce a closer relationship with the 
maternal capillaries; whereas no such invasion takes 
place in the Vespertilionidae (Wimsatt & Enders 1980). 

The object of this investigation was to elucidate the 
placental morphology of the lesser yellow house bat 
Scotophilus borbonicus. 

The taxonomy of the genus Scotophilus has been the 
subject of considerable debate, and the species we 
studied would key out as S. leucogaster in Hayman & 
Hill (1971). The trivial names viridis and borbonicus 
have also been used for the population we studied 
(Schlitter, Rautenbach & Wolhuter 1980; Rautenbach 
1982; Smithers 1983; Fenton, Brigham, Mills & 

Rautenbach 1985; Fenton & Rautenbach 1986). 
However, pending a taxonomic revision of this genus, 
we choose to follow Meester, Rautenbach, Dippenaar & 
Baker (1986) in referring to this species as S. borbonicus. 

Materials and methods 

Bats were collected in the Pafuri area of the northern 
Kruger National Park, on a monthly basis during 1984, 
using two macro-mistnets (Rautenbach 1985). The 
trapped bats (average of 4 females per month) were kept 
overnight and killed with ether the following morning. 
The genital tracts of the females were dissected out. 
Uteri for light microscopy were placed on glass squares, 
flattened and tied down with gauze. They were then 
fixed by immersion in 10% phosphate buffered formalin. 
After a minimum of 4 days fixation the organs were 
dehydrated in graded alcohols, cleared in xylol, 
embedded in paraffin wax (Histosec, Merck) and serially 
sectioned, at 5 ~m, using a rotary microtome. The 
sections were stained with the standard Mayer's 
haematoxylin and eosin technique. Some sections of the 
uteri of pregnant animals were stained according to the 
sulphuric acid toluidine blue method of Sulkin (1955), to 
demonstrate the basal laminae in the placenta. 

Placental material collected during October only was 
available for electron microscopy. Pieces of placental 
material were cut into I-mm3 blocks and fixed in cold 
(4°C) 4% glutaraldehyde prepared in 0,2 mol dm·3 

sodium cacodylate buffer pH 7,3 (Mercer & Birbeck 
1972). 

After 4 days the specimens were post-fixed for 1 h at 
room temperature in 1 % osmium tetroxide made up in 
the cacodylate buffer, rinsed twice in the same buffer, 
dehydrated through a graded ethanol series, cleared in 
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propylene oxide, and embedded in Polarbed 812 epoxy 
resin. The blocks were polymerized for 48 h at 60°C. 

Semi-thin sections (1 !-Lm) were cut with glass knives 
on a Reichert OmU4 ultra-microtome and stained with 
toluidine blue (1% toluidine blue in a 1% borax 
solution) (Nunn 1970) for conventional light microscopy 
and the determination of appropriate areas for thin 
sectioning. Thin sections (80-90 nm) were prepared 
using glass and diamond knives, picked up on 200 or 300 
mesh copper grids, and stained for 30 min in a saturated 
aqueous solution of uranyl acetate (Watson 1958) and 
for 4 min in a 0,2% lead citrate solution (Reynolds 
1963). The stained sections were examined in a Philips 
301 transmission electron microscope. 

Results 

S. borbonicus has an antimesometrial discoidal, 
deciduate and hemodichorial placenta (Figure 1). 

Macroscopically the fully formed placental disc has a 
concavo-convex shape with the concave part facing the 
fetus. The diameter of the disc in late pregnancy is 
approximately 15 mm and is thickest in the middle (2-3 
mm), tapering towards the periphery. The extraplacen
tal part of the chorion is a smooth surfaced spherical 
structure and is not attached to any part of the endome
trium (Figure 1). 

Figure 1 Diagrammatic representation of the foetal 
membranes and discoidal placenta of Scotophi}us borbonicus 
shortly after formation, (X40). A - amniotic cavity; D -
detritus zone; DB - decidua basalis; EEC - extra-embryonic 
coelom; MC - maternal channel; Ms - mesometrium; OM
fused yolk sac endodenn, non-vascularized mesoderm and 
chorionic ectoderm (omphaloplacenta); T - trophospongium; 
Sm - myometrium; UL - uterine lumen; YSC - yolk sac cavity; 
YSW - vascularized splanchnic mesoderm with cuboidal 
mesothelium lining the extra-embryonic coelom and cuboidal 
endodermal epithelium lining the yolk sac cavity. 

321 

Formation and light microscopic structure of the 
discoidal allantochorionic placenta 

On completion of cleavage a typical blastocyst is formed 
consisting of an outer shell of cuboidal trophoblast cells 
and an inner cell mass. Even before this stage is reached 
the blastocyst is situated in an antimesometrial 
attachment chamber formed by the endometrium. The 
embryonic pole of the blastocyst lies against the 
endometrial epithelium at the deepest part of the 
chamber. The embryonic pole contains the inner cell 
mass and opposed to it in the endometrium is the site of 
the future discoidal allantochorionic placenta. 

The primary event in the formation of the placenta is 
the proliferation of the trophoblastic cells of the 
embryonic pole to form the trophoblastic syncytium with 
its characteristic invasive properties. The trophoblast 
differentiates in two directions: 
(i) proximally in the placenta to form a syn- and 
cytotrophoblast which will encase the maternal blood 
vessels thereby forming a region known as the zona 
intima, and 
(ii) more distally in the placenta and directly opposed to 
the endometrium to form a multi-layered zone of 
trophoblastic cells, the trophospongium (Figure 1). 
Concomitantly with the above two changes a decidua 
basalis develops (Figure 1). 

Formation of the syn- and cytotrophoblast 

The trophoblastic syncytium at first erodes the 
endometrial epithelium and its underlying connective 
tissue leaving the maternal vessels interdigitating with 
branched finger-like trophoblastic processes. Allantoic 
(splanchnic) mesoderm and its associated umbilical 
vessels invade these trophoblastic processes, establishing 
them as true chorionic villi. The maternal vessels 
between them are encased in trophoblastic syncytial cells 
now known as the syntrophoblast. Proximal to the latter 
another layer of cells, the cytotrophoblast, is 
established. It is seen as a continuous epithelial layer of 
flat to cuboidal cells with slightly basophilic cytoplasm, 
definite cell membranes and nuclei with indistinct 
nucleoli. The syntrophoblastic cells, on the other hand, 
are recognized by the absence of intercellular cell 
membranes and the presence of prominent vesicular 
nuclei with distinct nucleoli. 

During the process of encapsulation of the maternal 
vessels by the syntrophoblast, the endothelium of the 
vessels is presumably eroded by syntrophoblastic 
processes which penetrate through pores in the basal 
lamina. This basal lamina can be observed as a Periodic 
Acid Schiff-positive membrane which is even more 
conspicuous after staining with the sulphuric acid
toluidine blue method of Sulkin (Figure 2). The 
processes which expand on the inside of the vessels form 
the new lining for the vessels. The latter are now known 
as the maternal channels (Figures 2 & 3). They form a 
labyrinthine network of channels which is referred to as 
the zona intima, forming the deepest portion of the 
placenta, i.e. nearest to the embryo (Figures 1 & 3). 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



I 

, 

• 

..... Tho _ ,,, .... " , .......... '" " .... , ' ". - ... - .... , .......... ~ """"- -
"'"'_ ( ...... '''',.... " .. , , ....... _ (6 ) 
...... ,,,. _" ..... _1 (....:). ( • .0(1(1) 

_J 10._ ..... _ ..... _ .... -::'~':'~ ,,, __ -, ', ',4'_), \ 
_lI _ __ , T _ r : • . D _ _ 
_ : 011 _ _ _ 

F. 1 "' .... ". I t .l_...,oIo __ _ 
0.0.-. ... '''' •• of _' ..... .,_" .• .. ___ ' ,'t,J_, ........... , .... '" 
1M .• : ...... """' .... " • .,.....,':".' 

_ .. 110 __ ,_ n..~p", d." .... ,. ___ ~ .... ,..". "-
_10_ ....... _.,.... I'" ,," Io,..n.lloo -- ...... ,... .. .,.....-" ,., " - . .....-
~ ....... " -1_ •• " ,'ho~"J'O"'" 
.... , ,1. 7 " ... . "' ....... __ "".1 .... __ ',,_s',,",,_,- " .... _ ..... __ 
__ Io)ftof ........ ·" .... CJOO<" ,' tr", 
_._..".,"',..., ..... ___ r ....... 
",obfird ..... n.. ...... 10 "'" • ",OU ;' . r", 
be ft. <dl __ .... Of< _ ( ' .,. 

1"<""') ..... i< .boo .. ~ •• ~' , , 
_,. ' IN .. , II,. '" i t ",' i ... II. """ ........ , .. _ 
• . . , .... (~ .... l), 

TIl< ''' ,' ' ...... _ .. ......,., $ ' 21'1' 1 "" 
,"""'" 0/.1>0 ._"101 .... ,,,_ ..... III ....... , I< 

...-mobly "01" .. "" "'" 'pO"'~_ .... _ .. """"'" _or ..".-. ~ ooo! •• _ 
<)\opIa>Ini< _"""",Ii. t>tf;;_;;..;;; 
ThO. poO«M "" I .. in • 

be'_.'''''~'''' -no. dtlri'" ..- """"" 01 
-.<,""" (.""'" l) 

c~..,..", II" ,,,,,,,",,,, ... 

Ono< ,rooion '" .11< _,rIoI 'p':\,"'" _ 
.. ",.Ik'" ,, __ h.u on,. ~ .. I ; : • 
",.",... m,,-. . ... .............., lIIe 'ml .. 

-., ........ ..,..;f<",.,.IonYoa._..,....'" 
<-'"-' ..... ".,;'" ,_ ..... ' " . -
fF'_'aJ). n... .. ,."._ ... "" ",,_ 
,he ."""""""' ..... 11<1 ..... 'he ''''1o)'CI> '110 ' " 
........ ..-{F" ..... l) 

r", .f,. of ~ ~ .. "" I"Il_ .... . 

~ 
_lui z" ........... -'!" __ "' .... ]'<A_ 
. .. .... '·Ift .. 

-.. ........ . ·.,,"nlosu", .-- .. 
..... {F"...,.. ') 

........ ,110, . ito ..... of .... ]'<A _, • ed 

.. : tt """" iot ... < , Itt _ _ ... no 
• , ', z'Iioot ... ,110 NIb<) ,_ ' . 

-~-..-.-",.. . : 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



• 

• 

'-' - ............. .-0_' ! .... 

_~ .... ~ ,'" ..... _{_"""'·'I·_'''' 
."" ', ___ IEEe) _ .. " 1" 
__ {CJf) ___ ..... _ (\II, 

........ • ".'-...... _ .... Too " 'q • _, ... , _,CE) ..... ,.". "" ..... , (YSe)'" , .. _""" _ ". ,SM) ... do"", _ .,-0(0). 

'"'_ {''So .. '). ll>i> ~Yi'<n""",y II ..... ,. 
_ltd ";,b "" .... "' .. _ ........ "'" "'" 
............... ..,..... ..... ~"". ;, , ........... pon 

"' 
.... -1" .... 
I, , lob _ .. '''' .,." of , .. , ....., , ... 
'o .i' '" . """"", __ ,_ • , .... ., H" 
_ .. A_ .- I ..... _ ,,,, ''1. "" bod} 

loW> _ """"" " ,.., ...... Tloo '0" , -, tho 
. to • '" ""d ............ _111-_;" . , .. 

no _bt __ '" '1"""""'_ 
.. _ '1'" ... " ...... III- "_rio . ,1, .. _Iot",.....,_ ...... I" • 

. ......... "" eI, . (1\po< l). ---no ' "."' .. ,..... ,1111- .... ,.,_ .. .... __ ._ .... -.,- ........ .. -
-

(ht ., . ... -.I 

no .. _""", ... 12_ ..... _ .......... .. ......... _ ....... '- '"' , ............ .... 
..; ..... _-, .... 

oI' ... ,..... _ . .......... on _rsu. .. , ..... __ ~ 
..... -, n.._ .)._~ ........... ,).1:_ 
<"- _ .... _1iOI oq' ......._ 10 

"btl ep;o ...... _.. .... indj ' ) ,,' ... It. 

-_ ...... t.y ....... "1'" Tho ,V' ,-, , . ., .. I • .,._ .. -.................... _'. ,.,. ....... ".-
... , I .... .... __ .... "fI'" _n',,"' 
__ ......... '''''of ..... ' I, .'Iio ... (Apro .. 
AI"",_ .. * ..... I, . . _ .. , .. 

,... ..., "......., ... I "'''' .. " ,,," .- .... , ... 
,... ... ca=ri<) doc. .. .... A, .... , " 

~.I<dbt'._'_.' .. _I) I 
r<poo_ ... I_bJeo_., ·' t' A _ ......... of.·"., ..... ___ _ 

.~,_ -' "" , ' , .. (I .. l ')'OIl ... 0< 
"""""""" J ,,_ io "" "". I )On: ._ .. ..... tF_", 

... , ... ' .............. _. of "" «abo)<I, 
od' .. _ '" _..... """, ... ,.,. . _ 

~ """"" "' .......... ~- ,- , .... 
_ ...... t.o 00 , ..... 1><0- (fI .... 11 ..... ",. 
lonniol • ""p ... _ ... , H ...... IIt>-o""'''''' 

-"'-111-
'l'"' " 11m ..... • T ($'ipo< 1). T1I< lot ... _ 
,.-~t.y+= .......... ,. , ,-

' • • • ;e; .... , .. ___ -.- or 0' . 
l''' ON __ In '".' ' .. "" ... __ 
co ' ·' ...... _il·. ;t><IuhudD,T1I<_juo,...ut .... _""h h, ±.,..,.....;, me,' ........... 

... ...... ,..,.... - • ...,j ' .. -

..... ",poo!lcs, "'" "_ It< w, .' If ........ ..;,~ .. oo~.... . -, "" ...,j ,1It..-_ ,,' 
",""",_ ;, ......... ' , d, N""",,,,*, <k~,'W '" 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



324 

Figure 5 A tow magnification electron micrograph of a 
placenta o f Scorophilus oorbcm;cu$ showing a maternal 
channel (MC) surrounded by the double layered basal lamina 
(intrasyncytial membrane ; 0) and syntrophoblast (5) , and 
lined by syntrophoblastic processes with numerous microvilli. 
The Cytotrophoblast (C) lies proximal to the syntrophoblast. 
Nuclei of both arc seen (0), (x3 500). 

Figure 6 Electronmicrograph of the placenta of Scotophi/us 
borbonicus illustrating a basal lamina (with a lamina lucida 
(I) and a lamina densa (u» within the syntrophoblast (S), 
(X42 000). 

cqnnect the syntrophoblastic layer to a mOre proximally 
situated layer , the cytotrophoblast. 

The cytotrophoblast is characterized by the irregularly 
shaped smaller nuclei with indistinct smaller nucleoli and 
less granular endoplasmic reticulum. The cytotropho
blast is more electron-lucent than the syntrophoblast 
(Figure 8). 

The foetal blood vessels which are separated from the 
cytotrophoblast by fused splanchnic and somatic 
mesoderm, exhibit an endothelium resting on its own 

S.-AfT. Tydskr. Dierk. 1988,23(4) 

Figure 7 Electronmicrograph of the placenta of Sco(ophi/us 
borbonicus illustrating a syntrophoblastic process (P) passing 
through the basal lamina (8). Numerous microvilli extend into 
the maternal channel from this process, (xJ6 6(0). 

.... 
F1gure 8 Electronmicrograph of the placenta of Scolophilus 
borboflicus illustrating a maternal channel (Me) with its 
syntrophoblast (S). syntrophOblast nucleus (Sn), cytotropho
blast (C). and cytotrophoblast nucleus (Cn) . A foetal blood 
vessel (F) with an endotheiiallining cell (E) is seen adjacent to 
the cytotrophoblast, (X8 100). 

basal lamina . In the younger stages foetal blood vessels 
are easily identified by their nucleated erythrocytes. 
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hypertrophied mesothelial cells facing the extra
embryonic coelom were shown to be able to absorb 
proteins injected into the maternal vascular system 
(Enders et al. 1976). Although there is as yet no direct 
evidence that the absorbed protein is transported to the 
foetal blood circulation, the proximity of these cells to 
the vftelline blood vessels suggests that it may be 
possible. Specimens of the yolk sac were not available 
for electron microscopy in this investigation, but light 
microscopy has confirmed the hypertrophy of the 
endodermal and mesothelial cells and it can be assumed 
that the yolk sac plays an important metabolic role until 
parturition. 

The amnion is formed as a schizamnion in members of 
the genus Scotophilus (Gopalakrishna & Karim 1979). 
This manner of formation is possibly an adaptation to 
the relative speed of the implantation process which 
takes about 14 days in S. borbonicus. With further 
development the amnion and allantochorion adhere and 
in this respect the placenta of S. borbonicus resembles 
that of the cloven-hoofed animals (Gerneke 1985; 
Latshaw 1987). 
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