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INTRODUCTION

A perusal of literature on the foetal membranes of the Carnivora reveals that,
while extensive work has been done on the common carnivores, little is known of the
early development and placentation of wild forms particularly of some families.
A study of the development of carnivores is all the more interesting, because even
amongst the forms whose embryology has been studied, there are differences in the
morphology of the foetal membranes. Further, due to paucity of information on a
number of families, attempts to explain phylogeny and inter-relationships of the
carnivores can only be regarded as tentative and even unsatisfactory. This is
obviously due to the difficulty of obtaining material of wild forms for study. Viver-
ridae is one of such families of the Carnivora and includes two subfamilies—Viver-
rinae and Paradoxurinae. The only record of the description of foetal membranes
of Viverridae is by Strahl (1905) on the foetal membranes of Viverra civetta. The
present study on the foetal membranes of a species of Paradoxurus belonging to the
subfamily Paradoxurinae may prove to be of interest and value as it is the first
account of the foetal membranes of a member of this subfamily.

Since the publication of observations on the placenta of dog by Bojanus (1820),
several workers have studied the development and placentation of some fissipede
carnivores, Animals which have been studied are dog (Duval, 1893 and 1894 ;
Bonnet, 1897, 1901 and 1902 ; Strahl, 1890}, cat (Duval, 1894 and 1895 ; Strahl,
1905 ; Mossman, 1937 ; Hill and Tribe, 1924), racoon (Watson, 1881), ferret (Bischoff,
1845 ; Strahl, 1889 ; Strahl and Ballmann, 1915), zorilla (Rau, 1925), Viverra
civetta (Strahl, 1905), brown bear (Rau, 1925), tiger (Srivastava, 1952), and Felis
(-Panthera) leo (Mossman, 1937). The facts recorded by the foregoing authors may
. be briefly summarized as follows :—

Camdae : Ripe placenta is in the form a of broad belt (zonary) occupying the
equatorial region of the gestation sac. There is a haematomal band on each of the
two margins of the placental belt. The placenta is lobular, labyrinthine and endothe-
liochorial. The allantoic vesicle is large. The yolk-sac placenta is well developed
during early stages of development ; later, the yolk-sae splanchnopleure is withdrawn
from the placental site, and the yolk-sac becomes a collapsed bag.

Procyonidae : The condition of the yolk-sac is similar to that of the dog. The
placenta is zonary and endotheliochorial, but the placental belt is incomplete on the
dgrsal agpect of the embryo. Haematoma on the margins of the placental belt are
absent.

Mustelidae : In early morphogenesis, the chorio-allantoic placenta of ferrets is
zonary, but in late stages it assumes the form of two mesometrial dises. There is
but & single haematome on the antimesometrial side. The placenta is labyrinthine
and endotheliochorial. In Zorilla striata, however, Rau (1925) describes the pres-
ence of two haematoma, one lateral to each placental dise, the median haematoma
being absent,
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Ursidae : Placenta is zonary, labyrinthine and endotheliochorial without mar-
ginal haematoma.

Felidae : Placenta is zonary, as in dog, lamelliform and endotheliochorial.
Marginal haematoma are present but very imperfectly developed.

Viverridae (subfamily Viverrinae): Placenta is annular, zonary, labyrinthine
and endotheliochorial. Nothing is known of the condition of haematoma.

The facts summarized above indicate that in the Carnivora the placenta is
generally zonary in shape, labyrinthine and endotheliochorial. Only in Mustelidae
and Ursidae, it is not in the form of a belt, but it is disc-shaped, double in Mustelidae
and single in Ursidae. In Procyonidae, the placental girdle is incomplete on the
dorsal side of the embryo. These are also variations in the disposition and in the
extent of the development of haematoma. In Canidae, they are well developed,
while they are poorly developed in Felidae. In Mustelidae, the haematoma occur
either on the lateral side of each disc or as an antimesometrial patch. In Ursidae,
the haematoma form a ring round the margin of the single placental disc and in
Procyonidae, the marginal haematoma are absent.

MATERIAL AND METHODS

A pregnant specimen of Paradozurus hermaphroditus hermaphroditus was
captured in Nagpur on 16th May, 1954. There were three embryos, one in the right
horn and two in the left horn of the uterus. The uterus with embryos in situ was fixed
in alcoholic Bouin’s fluid after injecting some fixative through the cervix into the
uterus. The material was transferred to fresh fixative every day for four days and
later it was preserved in 709, alcohol.

The usual method of dehydration by passing the specimens through graded
alcohols and later clearing and embedding in paraffin was employed. Both vertical
and transverse sections of separate gestation sacs were cut. Sections were prepared
with Ehrlich’s haematoxylin counterstained with eosin.

OBSERVATIONS

(a) Reproductive organs.—The uterus (Text-fig. 1) is bicoruate as in all other car-
nivores. The left horn contained two embryos and the right horn one. All the
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TEXT-¥IG. L Female reproductive organs of Paradozurus h. hermaphroditus (ventral view).
Xea. 3,

em. 1, 2, 3, embryos; ft., fallopian tube ; ov., ovary ; vg., vagina.
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three uterine swellings were nearly of the same size being approximately 3-2 em. in
diameter. The head ends of embryos were directed towards the cervix, and the
dorsal side of each was against the lateral side of the uterus. All the embryos were
practically at the same stage of development, and each measured 2'6 cm. in length
from the tip of the snout to the base of the tail. The embryos were fairly advanced
in development showing the limbs, toes and ear pinna. A few vibrissae were seen
on the snout. Sections revealed that erythrocytes were enucleate and the long
bones had commenced to ossify.

() Foetal membranes.—The general appearance of the chorionic sac after it
was peeled from the uterine wall is shown in Text-fig. 2. The placenta is in the
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TExT-F1G. 2. Chorionic sac of Paradoxurus h. hermaphroditus to show the placental band, the
position of haematoma and the placental gap. xca. 30.

ch. s., chorionic sac; k., haematoma; plb., placental band.

form of a uniform wide belt or girdle measuring 20 em. in width, round the equa-
torial part of the chorionic sac. The placental girdle is not complete, there being a
gap on the antimesometrial side (P1. X, Fig. 1, plg.) measuring 0-5 cm. in width. The
two margins of the placental belt are darker in colour, and these indicate the posi-
tion of haematoma which, in this carnivore, are poorly developed.

The general disposition of the foetal membranes is shown in P1. X, Fig. 1, which
represents a transverse section of one of the three gestation sacs. The foetus lies
in the centre of the uterine cavity slightly towards the antimesometrial aspect.
The amnion is closely adherent to the body of the foetus, and on the antimesometrial
side, it is also adherent to the inner wall of the allantoic vesicle (j.), resulting in the
formation of a common membrane. The yolk-sac (ys.) is disposed on the meso-
metrial side as a collapsed bag with wrinkled walls. The allantoic vesicle (all. v.)
is large and the allantochorion is apposed to the placental surface. The placenta has
the shape of a horse-shoe and it receives blood capillaries on the entire surface
through the allantochorion. The placenta is almost uniform in thickness. The
space (Pl. X, Fig. 1, 2.) outside the placental zone between the placenta and the uterine
muscularis is an artifact caused by shrinkage during fixation and dehydration.

Amnion : The amnion is a thin bilaminar membrane enclosing the foetus. It
is attached to the base of the umbilical-cord and is free on all sides except on the
antimesometrial where it is closely adherent to the inner wall of the allantoic vesicle
(3.). The amnion membrane consists of an inner ectodermal layer of highly flat-
tened cells appearing fusiform in sections, with fusiform nuclei and containing granu-
lar cytoplasm and an outer mesodermal layer with loosely arranged flattened cells.
Only the part of the amnion layer which is adherent to the inner wall of the allantoic
vesicle is vascular owing to the presence of allantoic capillaries.

Yolk-sac : This lies as a shrivelled bag on the mesometrial aspect of the gestation
sac. The yolk-sac splanchnopleure (Pl X, Fig. 2) is profusely supplied with vitelline
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vessels (vit. v.) whose presence gives the yolk-sac wall a beaded appearance. The
mesodermal layer of the yolk-sac is often 3-4 cells deep and is made up of fusiform
flattened cells with fusiform nuclei. The endodermal lining is uniformly a one-
celled membrane with cubical cells and spherical nuelei.

Allantois : The wide allantoic vesicle (all. v.) completely obliterates the exo-
coelom except in the regions where the inner wall or the foetal surface of the allan-
toic vesicle is not in contact or cohesion with either the amnion or the yolk-sac.
The (foetal) wall of the allantoic vesicle (PL. X, Fig. 3) is made up of an inner endo-
dermal layer of flattened to semi-cubical cells reinforced by allantoic mesoderm (m.)
consisting of loosely arranged flattened fusiform cells. Blood capillaries occur in
several places in this the inner wall of the allantoic vesicle. Very often the endo-
dermal cells of the allantois can be recognized only by topography and not by any
definite structural characteristics, since they almost resemble the mesodermal cells
of the allantoic. Its cohesion with the amnion has already been referred to.

On the other hand, the placental wall of the allantoic vesicle (Pl. X, Fig. 4) shows
a clear distinction between endodermal (en.) and mesodermal (m.) cells comprising
it. The former not only form a uniform layer, but are distinetly semi-cubical,
whereas the mesoderm shows piled up clusters of cells which are invariably flattened
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Text-Fia. 3. Transverse section through one chorionic sac of Parad us h. hermaphroditus
to show the general disposition of foetal membranes. Xca. 70.
am. c., amniotic cavity; all. p., allantoic placenta; ail. v., allantoic Yesiclq; exo.,
execoelom ; j., wall of amniotic cavity adhering to the wall of the allantoic vesicle; mes.,
megsometrium ; plg., placental gap ; z., space which is artifact; ys., yolk-sac.
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T.S. of the gravid uterus through the placental band.
Yolk-sac splanchnopleure.  ~ 70,

Foetal wall of the allantoic vesicle. . 1435.

Placental wall of the allantoic vesicle. 1443,
Placental villi. X 70,

2,

.1
2.
3.
4.
5.



MoGHE. Proc. Nat. Inst. Sci. India, Vol. 22, B, Plate XI.

B o rran e e n

F16. 6. A villus of the placenta showing enclosed maternal capillary. X 143.
»» 7. The region outside the placental zone. x70.
5» 8. Margin of the placenta where there should be haematomal band. % 145.
9. Placental gap. x25.
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or stellate. This mesodermal layer with its loosely arranged cells and carrying
allantoic capillaries enters into spaces of the placental labyrinth (Pl. X, Figs. 4 and.5).

Placenta : The placenta is formed on all sides of the uterus as a belt excepting
on the strictly antimesometrial side where there is a small gap (Text-fig. 2),

In a transverse section of the uterus passing through the placenta the following
regions can be made out: (1) placental labyrinth, (2) transition zone, (3) deep glan-
dular zone, and (4) muscularis. The placenta is horse-shoe-shaped.

The foetal surface of the placenta is lined by the allantochorion which shows
the presence of a large number of allantoic capillaries (Pl XI, Fig. 6). The allanto-
chorion (all. ¢.) with its capillaries enters the placental labyrinth. Thus, the
placental labyrinth presents a very complicated appearance as it consists of branching
and interlacing villi disposed radially (Pl. X, Fig. 5). The villi are in the nature of
flakes or lamellae hanging from the uterine wall, and only at their distal extremity
(i.e. towards the foetal surface of the placenta) are the lamellae unbranched. The
lamella or the villus in section is made up of syncytical trophoblast. The core of
each villus contains a maternal capillary (Pl. X1, Fig. 6, mc.) which is lined by endothe-
lial cells, and immediately surrounding it, there is a trophoblast layer containing
scattered nuclei. At the periphery of the villus, however, the nuclei are large and
are arranged in rows. Thus, the trophoblast surrounding the maternal capillaries
inside the villi can be distinguished into two regions: an inner hyaline layer with
scattered larger nuclei surrounding the endothelium of the capillary and an outer
granular region with spherical nuclei arranged in a regular row.

The endothelial cells lining the maternal capillaries inside the villi are of the
usual type : cuboidal with spherical large nuclei. The maternal capillaries are larger
on the foetal side of the placenta but become smaller towards the transition zone,
(PL. XI, Fig. 7, me.) and the endothelial cells also become more flattened. No giant
cells were observed in any part of the placenta.

Outside the zone of the placental labyrinth the tissue is rather weak and usually
tears off during fixation and dehydration. In this transition zone (Pl XI, Fig. 7) the
ends of the placental trophoblastic lamellae unite forming & sheet of syncytiotro-
phoblast, and the endometrial tissue surrounding it consists of degenerating cells
with indistinet boundaries. The nuclei, however, are prominent and irregular in
shape. Maternal capillaries are present in this region.

Outside of this transition zone, a region of the endometrium lines the muscularis.
Highly hypertrophied remnants of uterine glands (Pl XI, Fig. 8, ug.) with large
lumina occur in this region. Gland cells are large and cuboidal with vesicular
nuclei, The muscularis consists mostly of circular muscles enclosing wide spaces,

The haematoma are very poorly developed in Paradozurus and are covered
with trophoblast and enclose & small quantity of extravasated blood (P1. XI, Fig. 8).
The condition resembles that of a cat. The placental gap is quite well defined
(Pl. X1, Fig. 9, plg.).

D1scussioN

Though a detailed discussion on the development and placentation of P, b,
hermaphroditus is not possible from observations recorded in this paper, based as
they are on one stage of advanced development, it would be of interest to mention
a few obvious peculiarities. The general disposition of the foetal membranes is
typically carnivorous—shrivelled yolk-sac, large allantoic vesicle and its inner wall
adherent to the amnion at some places. The allantoic vesicle deviates a little from
the condition found in other carnivores. The placental belt is incomplete on the
antimesometrial side, so that in transverse sections, placenta has the shape of a
narrow horse-shoe resembling that of Procyon lofor (Watson, 1881). The poor
development of marginal haematoma in the palmcivet also resembles the condition
in P.lotor. It is likely that during the early stages of development, the placental
band is complete and becomes incomplete as pregnancy advances.
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While discussing the evolution of the placenta in the Carnivora, Rau (1925)
has stated that, on palacontological evidence, Mustelidae, Ursidae, Procyonidae and
Canidae form one line of evolution and Viverridae, Hyaenidae and Felidae represent
another line. In Canidae and Felidae, the placenta is completely zonary, but hae-
matoma are well developed in the former and poorly developed in the latter. There
is a distinet tendency for the placenta to become lobular in Canidae, but not so in
Felidae. Thus, there is considerable justification for regarding Felidae and Canidae
as forming different lines of evolution. In other families so far studied there are
interesting variations in the morphology of the placental band, incomplete in
Procyonidae, reduced to a double discoid condition in Mustelidae, and a single disc
in Ursidae. However, in all these families the original condition of the placenta,
when first formed, is zonary and the zonary condition is reduced, asdevelopment
proceeds, to a double discoid or a single discoid condition. Rau (1925) also main-
tains that the placenta of Mustelidae is structurally more efficient as an organ of
foetal nutrition than that of a dog or a cat, and the placenta of bear is more efficient
than that of Mustelidae.

The placental morphology of Paradoxurus resembles closely that of Procyonidae.
The occurrence of lamellar placental labyrinth connects Viverridae with Felidae.
Nothing is known of the placentation in Hyaenidae,* and hence it is not possible to
determine the relationship of Viverridae with Hyaenidae. At the most, it may be
suggested that specialization of placenta in the canid line of evolution also otcurs
in the felid line on the assumption that Viverridae is included in the latter as is
warranted by studies on comparative anatomy and palaeontology. But the hae-
matoma are absent in both Procyonidae and Paradoxurinae. Nothing is known
of the condition of haematoma in Viverrinae, Viverra civetta. 1If on further exami-
nation it is found that the haematoma are absent in Viverrinae as in Paradoxurinae
(both belonging to family Viverridae), then Procyonidae is more allied to Viverridae
and Felidae and should be included in this line of evolution. But at present, there
are wide gaps in our knowledge of the placenta of Carnivora, and hence any attempt
to suggest lines of evolution and relationship (Rau, 1925) should be regarded as
tentative.
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SUMMARY

The foetal membranes of the subfamily Paradoxurinae of the family Viverridee are not
known, and this paper containg a few observations on a member of this subfamily Paradoxurus
hermaphroditus hermaphroditus. The amnion is a thin non-vascular membrane except where
it is in contact with the vascular inner wall of the allantoic vesicle. The yolk-sac is a collapsed
bag hanging on the mesometrial side. The allantoic vesicle is large and practically obliterates
the exocoelom. The allantoic placenta, thought zonary, shows a marked gap on the anti-
mesometrial side. The placenta is endotheliochorial and lamelliform with the lamellae arranged
radially. The haematoma are absent.
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ABBREVIATIONS USED IN PLATE FIGURES

am. ¢., amniotic cavity ; all. ¢., allantochorion ; all. p., allantoic placenta ; all. v., allantoie
vesicle ; en., endoderm ; exo., exocoelom ; h., haematoma ; j., place where the wall of amnion
adheres to the wall of the allantoic vesicle ; m., mesoderm ; me., maternal capillary ; mes., meso-
metrium ; mus., muscularis ; plb., placental band ; plg., placental gap ; pl.v., placental villi;
8y., syncytiotrophoblast ; ¢rz., transitional zone ; wug., uterine gland ; wvit. v., vitelline vessel ;
ys., yolk-sac ; x., space which is artifact.
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