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Case Report

Histopathology of fused triplet placenta in rat

Satoshi Furukawal®, Naho Tsuji2, Seigo Hayashi3, Yusuke Kuroda3, Masayuki Kimura3,

Chisato Kojima3, and Kazuya Takeuchi?

I Planning and Development Department, Nissan Chemical Corporation, 2-5-1 Nihonbashi, Chuo-ku, Tokyo 103-6119, Japan
2Planning and Development, Agricultural Chemical Division, Nissan Chemical Corporation, 2-5-1 Nihonbashi, Chuo-ku, Tokyo

103-6119, Japan

3 Biological Research Laboratories, Nissan Chemical Corporation, 1470 Shiraoka, Shiraoka-shi, Saitama 349-0294, Japan

Abstract: A fused triplet placenta was observed in a Wistar Hannover rat on gestation day 15. Each placenta (referred to as PL-A, PL-
B, and PL-C) of this fused placenta was attached to one fetus each, but their fetal weights were lower than that of the fetus attached to
the only normal placenta (referred to as PL-N) in this dam. Histopathologically, thinning of the trophoblastic septa and dilatation of the
maternal sinusoid in the labyrinth zone were observed in PL-B and PL-C, but not in PL-A or PL-N. The points of placental fusion were
at the junctional zone derived from each side of the placenta without connective tissues, and the septum was composed of trophoblas-
tic giant cells. Although PL-A had a solitary metrial gland, PL-B and PL-C shared one metrial gland with one spiral artery terminus
branching towards each labyrinth zone. (DOI: 10.1293/t0x.2023-0026; J Toxicol Pathol 2023; 36: 187-192)
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In humans, multiple pregnancies related to placental
fusion are an important problem in perinatal care because
of the high perinatal mortality rate, sequelae of prematu-
rity, and fetal intrauterine growth restriction (IUGR)!. Fused
placentas have been known to occur in humans?, pigs3, cat-
tle4, rabbits’, and rodents®: 7. It has been reported that the
incidence of a fused placenta is 1% of normal pregnancies
in mice?: 9. However, the mechanisms underlying placental
fusion and the effects of placental fusion on placental ex-
change and endocrine function remain unknown!?. In rats,
a fused placenta is not exceedingly uncommon, and there
are a few case reports on histopathological changes in the
fetal part (labyrinth and junctional zones)!! of the fused
placenta®. 7. 12, However, there have been no reports of mor-
phological changes in the maternal part (decidua basalis and
metrial gland)!! of the fused placenta in rats or mice. In this
study, we encountered a fused triplet placenta in a rat, and
described its detailed histopathological morphology.

This animal was a pregnant specific pathogen-free
(SPF) Wistar Hannover rat (BrlHan:WIST@Jcl(GALAS),
CLEA Japan, Tokyo, Japan), purchased at 11 weeks of age.
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The animal was one of the rats supplied for a bisphenol A
oral gavage perinatal study: this study consisted of the con-
trol and bisphenol A groups exposed at a dose of 300 mg/kg
from gestation day (GD) 6 to 20, and 4-5 dams per group
were sampled each time on GDs 13, 15, 17, and 21. GD 0
was designated as the day on which the vaginal plug was
identified. The animals were single-housed in a plastic cage
on softwood chip bedding in an air-conditioned room (22 +
2°C; 55 + 10% humidity; 12 h/day light cycle). Food (CRF-
I; Oriental Yeast Co., Ltd., Tokyo, Japan) and water were
provided ad libitum. This animal was euthanized by exsan-
guination under anesthesia with isoflurane, and necropsied
on GD 15. All fetuses were removed from the placentas and
weighed. The fetal and placental samples were fixed in 10%
neutral-buffered formalin. This study was conducted ac-
cording to the Guidelines for Animal Experimentation, Bio-
logical Research Laboratory, Nissan Chemical Corporation,
and the Statement about sedation, anesthesia, and euthana-
sia in a rodent fetus and newborn (2015) of the Japanese
College of Laboratory Animal Medicine.

The placentas were embedded in paraffin blocks, and
4-um thick sections were stained with routine hematoxylin
and eosin (HE) stain, Masson’s trichrome stain, and peri-
odic acid-Schiff (PAS) stain. Sections were subjected to im-
munohistochemical staining of phospho-histone H3 (Serl0;
Cell Signaling Technology, Boston, MA, USA) for mitotic
activity evaluation!3. The following parameters were mea-
sured in the sections per placenta using an image analyzer
(WinROOF, Mitani Co., Tokyo, Japan): the area of each part
of the placenta close to the central portion of the placenta by
HE staining and the number of phospho-histone H3-positive
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cells in 20 sections of each part per placenta with a 40x ob-
jective. In addition, the area ratio of the maternal sinusoid
in the labyrinth zone was measured in five sections per pla-
centa with a 20% objective using an all-in-one fluorescence
microscope (BZ-X810, Keyence Co., Osaka, Japan). The
means and standard deviations of the area ratio of the ma-
ternal sinusoid in the labyrinth zone were calculated (Phar-
maco Basic, Scientist Press Co., Ltd., Tokyo, Japan). For
comparisons among the placentas, the Dunnett’s multiple
comparison test was performed after the Bartlett’s test. The
level of significance was set at p<0.05 and <0.01.
Macroscopically, the animal had one implantation site
and one fused triplet placenta (referred to as PL-A, PL-B,
and PL-C) with three fetuses in the right uterine horn, and
one placental remnant and one normal placenta (referred to
as PL-N) with one fetus in the left uterine horn (Fig. 1).
These implantations were closely adjacent to each other
in each area on both sides of the uterine horn. Each fetus
attached to the fused triplet placenta had its own umbili-
cal cord. The weights of these fetuses were lower than that

Fig. 1. Gross appearance of normal placenta (PL-N) on left and fused
triplet placenta (PL-A, PL-B, and PL-C) on right. Note the
placental remnant (PR) associated with normal placenta and
single uterine implantation site (IS) close to fused placenta.

of the fetus attached to PL-N (Table 1). In particular, the
weights of the fetuses attached to PL-B and PL-C were low-
er than the one attached to PL-A. However, the fetal weights
in this dam were heavier than the means of fetal weight in
dams in the control (0.250 £ 0.033 g, 4 dams, 42 fetuses) and
bisphenol A (0.260 + 0.032 g, 4 dams, 50 fetuses) groups in
the bisphenol A oral gavage perinatal study (Table 1). The
increased fetal weights in this dam were attributed to the
low number of fetuses, and these fetuses were not consid-
ered to be strictly IUGR. In addition, this fused placenta
was thought to be spontaneous and not induced by bisphenol
A treatment because there was only one dam with a fused
placenta among the 17 dams exposed to bisphenol A. To our
knowledge, there are no reports of fused placentas caused
by bisphenol A in rats!4.

Histopathologically, the fetal part of the normal placen-
ta was oval-shaped in PL-N, whereas that of the fused triplet
placenta was fan-shaped in PL-A, and heart-shaped in PL-B
and PL-C (Fig. 2). In the labyrinth zone, there was thinning
of the trophoblastic septa caused by decreased cellular com-
ponents (atrophy) and dilatation of the maternal sinusoid in
PL-B and PL-C, but not in PL-A and PL-N. There was a sig-
nificantly increased area ratio of the maternal sinusoid in the
labyrinth zone in PL-B and PL-C (Fig. 3). No vascular anas-
tomoses were observed between the labyrinth zones of the
fused placentas. In the junctional zone, glycogen cell islands
were formed in the fused placentas as in PL-N; thus, it was
considered that there was apparently no growth retardation
in this part of the fused triplet placenta (Fig. 2). The points
of placental fusion were at the junctional zones derived from
each side of the placenta, and the areas of junctional zone
fusion were composed of trophoblastic giant cells without
connective tissues (Fig. 4a). In the metrial gland, PL-A had
a solitary metrial gland, but angioectasia of the spiral artery
terminus ran off-center (Figs. 2, 4b). The metrial gland of
PL-A was separated from that of PL-B and PL-C by poor
connective tissue components (Figs. 2, 4c); the boundary
showed reduced vascularization and increased PAS stain-
positive u-NK cell infiltration. Both PL-B and PL-C shared
one decidua basalis and one metrial gland, and one spiral

Table 1. Fetal Weight and Histological Analysis of Fused Placenta

Fused Normal
PL-A PL-B PL-C PL-N
Fetal weight (g) 0.337 0.294 0.273 0.392
Labyrinth zone 15.2 7.3 14.09 19.4
Area of each part of placenta Junctional zone 10.9 154 12.15 13.8
(mm?2) Decidua basalis 1.3 53 Sharing/PL-B 2.9
Metrial gland 16.4 11.8 Sharing/PL-B 16.6
Labyrinth zone 45 39 39 44
No. of histone H3 positive cells Junctional zone 0 0 0 0
(20 areas/placenta x40) Decidua basalis 0 0 Sharing/PL-B 0
Metrial gland 19 23 Sharing/PL-B 17

Fetal weights in for a bisphenol A oral gavage perinatal study.

* Control group, 0.250 + 0.033 g (4 dams, 42 fetuses).

* Bisphenol A-treated group, 0.260 + 0.032 g (4 dams, 50 fetuses).
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Fig. 2. Low magnification images of normal (left) and fused (right) placentas stained with either hematoxylin and eosin (a) or Masson’s tri-
chrome (b). Solitary metrial gland for PL-N and PL-A (arrow) and shared metrial gland of PL-B/PL-C (arrowhead). Boundary consisting
of poor connective tissue components between metrial gland of PL-A and shared one of PL-B/PL-C, whereas the boundary consisting of
abundant connective tissue between shared one of PL-B/PL-C and implantation site. Bar, 4,000 um; D, decidua basalis; IS: implantation
site; J: junctional zone; L: labyrinth zone; M: metrial gland; PR: placental remnant.
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Fig. 3. Histopathology and area ratio of maternal sinusoid in labyrinth zone. Thinning of trophoblastic septa and significantly increased area ratio
of maternal sinusoid in PL-B and PL-C. Left, hematoxylin and eosin stain; Right, imaging of maternal sinusoid. a, PL-A; b, PL-B; ¢, PL-C;
d, PL-N. Bar, 150 pm. Each value represents mean + standard deviation. **Significantly different from control at p<0.01 (Dunnett’s test).
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Fig. 4. Histopathology in fused placenta. a. Histopathological change of point of placental fusion. Areas of junctional zone fusion in PL-A and
PL-B composed of trophoblastic giant cells. Masson’s trichrome staining illustrates lack of connective tissue at this site. 1, Hematoxylin
and eosin (HE) stain; 2, Masson’s trichrome stain. Bar, 200 pm. b. Histopathological change of spiral artery terminus. Angioectasia of
spiral artery terminus (arrowhead) in PL-A. Spiral artery terminus branched (arrow) towards each labyrinth zone of PL-B and PL-C. 1,
PL-A; 2, PL-B/PL-C. HE stain. Bar, 500 pm. c. Histopathological changes at metrial gland boundaries. Panel on the left (c-1) shows a
clear boundary between implantation site and PL-B/PL-C metrial gland regions, owing to the abundant connective tissue. Panel on the
right (c-2) shows an unclear boundary between the PL-A and PL-B/PL-C metrial gland regions, with less connective tissue and reduced
vascularization compared to c-1. Left, periodic acid-Schiff stain; Right, Masson’s trichrome stain. Bar, 200 pm.

artery terminus branched at the metrial gland towards each
labyrinth zone of PL-B and PL-C (Figs. 2, 4b). This shared
metrial gland was clearly separated from the adjacent im-
plantation site by the connective tissue (Figs. 2, 4c). There
were no differences in cell proliferative activity in each part
between the placentas in this dam (Table 1). The areas of the
labyrinth zone of PL-A, PL-B, and PL-C and the shared me-

trial gland of PL-B and PL-C were markedly smaller than
that of PL-N (Table 1).

In the present case, the three umbilical cords leading
to the individual fetuses had their own placenta of the fused
triplet placenta separated from each other. It may be appro-
priate to classify this fused triplet placenta macroscopically
as a separate triamnionic trichorionic placenta, according
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to the type of placentation in humans?2: !5. However, the
three placentas of the fused triplet placenta were in con-
tact with each other at the junctional zone; such a change
has been reported in previous studies on fused placentas in
rodents!2: 16. 17, In addition, the two placentas of the fused
triplet placenta shared one metrial gland, which is the first
time that such a change has been reported in rodents. These
morphological changes are anatomically unique to rodents;
thus, it is difficult to classify this case according to the type
of human placentation.

In this dam, the weights of fetuses attached to the fused
triplet placenta were lower than that of the fetus attached
to the normal placenta. Reduced fetal weights are expected
with fused placentas, which could be attributed to a rela-
tive reduction in maternal-fetal exchange areas due to the
small-sized labyrinth zone. In particular, the markedly low
fetal weights of PL-B and PL-C were probably due to re-
duced maternal blood flow to each labyrinth zone caused
by the sharing of a metrial gland. In addition, atrophy of
the trophoblastic septa and a dilated maternal sinusoid in
the labyrinth zones were observed in these placentas, but
not in PL-A. Thus, these lesions in the labyrinth zone may
be closely related to circulatory disturbances via reduced
maternal blood flow.

In polytocous species, including rodents!$. 19, a number
of fertilized eggs enter the uterine horn, followed by em-
bryo implantation in an evenly distributed pattern along the
longitudinal uterine axis, which is referred to as ‘embryo
spacing’. Experimentally, placental fusion is induced by su-
perovulation or the transfer of fertilized eggs into the uterus
in mice, resulting from the limited available intrauterine
space®. In addition, the disruption of embryo spacing is in-
duced by the inhibition of myometrial contractile activity
by relaxin, adrenergic drugs, and prostaglandin synthesis
inhibitors in mice?0. Genetically, uneven embryo spac-
ing has been observed in engineered mouse models, such
as Pla2g4a(—/—) mice deficient in cytosolic phospholipase
A2a and Lpar3(—/-) mice deficient in the third receptor for
lysophosphatidic acid?!. In the present case, the number of
implantations was low and the implantations, including the
fused triplet placenta, were concentrated in one area in each
of the respective uterine horn. Furthermore, despite the sep-
aration of the fetal parts of the triplet placenta, the metrial
glands are shared or had indistinct boundaries. Although the
cause is unknown, it is speculated that fertilized eggs were
specifically implanted without sufficient spacing in the dam,
resulting in a fused triplet placenta.

Collectively, the histopathological changes and devel-
opmental mechanisms of placental fusion in rats are not
necessarily identical to those in humans. Further detailed
investigations, including the histological evaluation of pla-
cental pathology in rat-fused placentas, are necessary to
compare the histology and physiology of rat and human pla-
cental fusion.
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