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ABSTRACT. The placenta of the Korean water deer was anatomically examined to accumulate 
basic information regarding its reproductive system. The convex placentomes with five to nine 
well-developed pedicles were observed in the whole uterine horns, and therefore, the placenta 
was classified as oligocotyledonary. The evidence indicating the migration of binucleate cells 
(BNCs) from trophectoderm to the uterine epithelium led to the histological classification of the 
placenta as synepitheliochorial. The number of fetuses was markedly higher than that in other 
ruminant species. However, the number of placentomes was found to be similar to the other 
Cervidae species. Therefore, these results suggest that the Korean water deer may possess special 
mechanisms or structures at the fetus attachment site to maintain this unusally high number of 
fetuses.
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The placenta, which dominates the space between the maternal and fetal organs in eutherian mammals, functions as an 
immunomodulatory organ that protects the fetus from the maternal immune system and facilitates the exchange of gases and 
nutrients during the fetal development [5, 8]. Furthermore, this organ secretes several placenta-specific hormones (e.g., chorionic 
gonadotropin, interferon-τ, growth hormone, and prolactin) to support pregnancy [5, 8, 33].

The placenta can be classified into four main categories based on its shape and histological structure, including diffuse, 
cotyledonary or placentomal, zonary, and discoid. This classification is based on the distribution of the chorionic folds or villi 
in the endometrium of the uterus [32, 47]. The histological structure of the placenta is classified into three categories based 
on the number of tissue layers between the fetal and maternal blood vessels, including epitheliochorial, endotheliochorial, and 
hemochorial [9]. Especially in ruminants, the trophoblast binucleate cells (BNCs) are released form synepitheliochorial, a subtype 
of epitheliochorial placenta [29], via the cell fusion process, as mentioned later.

BNCs play an important role in the placenta of ruminants  [44, 49]. For instance, in sheep and goats, BNCs are located in the 
fetal trophectoderm and transform the uterine epithelium to fetomaternal syncytium after migrating through the tight junctions [38, 
39, 44, 48]. In fetomaternal syncytium, the placental lactogen and pregnancy-specific protein B from BNCs are mainly secreated 
close to the maternal blood vessels [44, 50]. Conversely, in cows and deer, the trinucleate cells produced by BNCs are reabsorbed 
by the trophectoderm after the secretion [45, 48, 52]. The fusion of BNCs and the uterine epithelium is essential for facilitating the 
transfer of fetal hormones and proteins to the maternal circulation [44–46, 49, 51, 53].

The suborder Ruminantia is one of the most successful mammals owing to its development and diversity in dentition, 
multichambered stomach, skull appendages, and locomotion [6, 42]. These marked characteristic differences observed among 
species have attracted the attention towards morphological studies of these species. There are still many species among the 
ruminants, including the water deer, for which the detailed structure of the placenta has not been examined yet. In this study, 
the detailed morphological structure of the uteroplacenta of the Korean water deer (Hydropotes inermis argyropus) was 
macroscopically and histologically examined. The genus Hydropotes, belonging to the subfamily Hydropotinae, and family 
Cervidae, is distributed across South Korea and the Northeastern China  [7, 13], and it exhibits unique characteristics, including 
the presence of well-developed canines in the maxilla and absence of antlers [12]. Although the ecological [10, 11, 54] and genetic 
[21, 27] studies on this species have been conducted previously, there are limited studies on the anatomical examination of the 
Korean water deer, which include the male reproductive organ [36, 37], branching pattern of the aortic arch [1], rumen structure 
[19], and morphometric studies of the skull [22–24, 31].
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Therefore, in this study, the uteroplacenta of the Korean water deer was corroborated through macroscopic and histological 
observations. This information may act as a prerequisite for the conservation and management of this species.

Ten uteri from the pregnant Korean water deer, who did not survive traffic accidents, were used in this study. The uteri were 
fixed using 10% formalin and stored until further observation. The number and size of the placentomes and fetuses were measured, 
and the crown-rump length (CRL) of the fetuses present in each uterus was measured. The volume of the placentome was 
evaluated, assuming that each placentome was an ellipsoid type, using the following formula:
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where, a and b correspond to the minor and major axis of the placentome, respectively.
For histological examination, multiple placentomes were randomly harvested from each uterus and re-fixed using Bouin 

solution for 1–2 days before paraffin embedding. A paraffin block was cut into four µm thickness sections, following which, 
hematoxylin and eosin (H&E), periodic acid–Schiff (PAS), and Azan stainings were performed. After PAS staining, the cytoplasm 
of BNCs was slightly reddish. Using this as an index, the distribution and cell density of BNCs were evaluated visually using a 
microscope (Biozero, Keyence, Osaka, Japan). The tissue areas on the vertical sections of the placentomes were divided into the 
deep, intermediate, and surface layer starting from the center of the maternal organ (Fig. 2B), and three examination fields were 
randomly selected from each layer. The villi were evenly divided into one-third region from the base to the tip of each villus, which 
was based on the evidence that BNCs tend to localize in the deep layer of placentomes in Sika deer (unpublished data).

The uterus of the Korean water deer was bicornuate, which existed with partial fusion in the common uterine body (Fig. 1A). 
About one to four fetuses were observed in the uteroplacenta (Table 1), while five–nine placentomes were found in the whole 
uterine horns (Table 1), with volumes ranging from 8.5 to 56.2 cm3. The characteristics of all the fetuses and placentomes are 
presented in Table 1. The placenta of the suborder Ruminantia, except infraorder Tragulina, can be classified as cotyledonary 
as it possesses a placentome formed of fetal villi (cotyledon) and maternal crypts (caruncle) [25]. The placentome assists in 
establishing the maternofetal vascular systems, which is an essential process for the maternal system to support the growth of 
the fetus throughout the gestation period [34, 35]. The number of placentomes among ruminants varies between three and 150, 
and the placenta are classified in two different types, including polycotyledonary (cow: 70–142, sheep: 88–96, goat and giraffe: 
160–180, impala: 40–50, and Japanese serow: 100), and oligocotyledonary (red deer, roe deer, and fallow deer: eight, and Sika 
deer, and reindeer: six) [16, 30]. In this study, the placenta of the Korean water deer was classified as oligocotyledonary, similar 
to other Cervidae families with six–eight placentomes [16]. The shape of the placentomes of this species was convex, which was 
revealed using both macroscopic and microscopic observations (Fig. 2). Additionally, the villi were well-developed and exhibited 
clear pedicles in each placentome. The placentome of ruminants can be classified based on the combination of the shape and 
branching conditions of the villi. The flat-shaped placentome (pronghorn [4, 30], musk deer [4], kob [3, 4, 20], and greater kudu 
[4, 20]) possesses unbranched or branched villi. The convex-shaped placentome can be classified based on unbranched or lightly-
branched villi (fallow deer [17, 49], red deer [16, 50], giraffe [41]), and well-branched villi (reindeer [3, 16], cattle [3, 26, 28, 
45]). Moreover, the concave-shaped placentome (goats [3, 45], sheep [3, 4, 28, 45], and impala [40]) have been shown to possess 
well-branched villi.

The branching condition of the fetal villi in the convex-shaped placentome is known to differ among the Cervidae family [2, 
16]. Although the fetal villi of the subfamily Cervidae are unbranched or branched, those of the reindeer are extensively branched 
[16]. The roe deer placentome exhibits intermediate villi branching [16]. In this study, the Korean water deer was found to exhibit a 
convex-shaped placentome and well-branched villi, similar to that in the reindeer.
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Fig. 1. The fixed uteroplacenta of the Korean water deer (specimen 003). A: The external view of the partially fused (arrow) 
bicornuate uterus and palpable swollen pregnant uterine horns (asterisks) that are distinguishable. B: The internal view of the 
placentomes is indicated through asterisks. Here, three fetuses were confirmed.
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The number of fetuses in the uterus of the Korean water deer ranged between one and four as shown in this study (Table 1). 
According to Gilbert et al. [14], Hassanin et al. [18], and Gustafson [15], the family Cervidae can be divided into the subfamily 
Cervinae, consisting of two tribes (Muntiacini and Cervini), and the subfamily Capreolinae, consisting of three tribes (Capreolini, 
Alceini, and Odocoileini). The number of fetuses in the subfamilies Cervinae and Caprepolinae is usually one, with an exception 
in the tribe Capreolini, which includes the water deer and roe deer [3, 16]. Although the number of fetuses is similar between the 
roe deer and the Korean water deer, the branching of the villi in the placentome of the roe deer was not as developed as in the 
case of the Korean water deer [16]. The number of fetuses among the members of the Cervidae family is similar based on the 
classifications by Gilbert et al. [14] and Hassanin et al. [18]; however, the placentome shape and branching of the villi did not 
demonstrate a strong correlation among ruminant species, including the Cervidae family.

The shape of the placentome and pedicle, which is located inside the placentome through the histological examination using 
Azan staining (Fig. 2A). BNCs were observed using PAS staining on both sides of the uterine and trophectodermal epithelium 
(Fig. 3), which indicated that the histological structure of the placenta was synepitheliochorial. The number of BNCs was higher on 
the fetal side than on the maternal side (Fig. 4). The localization of BNCs on the maternal side confirmed the migration of BNCs 
from the trophectoderm to the uterine epithelium. The reindeer is similar to the Korean water deer as it exhibits a well-developed 
placentome and pedicle, well-branched villi, and the existence of BNCs in the trophectoderm [16, 43]. Conversely, the number of 
fetuses in the roe deer is similar to that of the Korean water deer; however, the branching of the villi is not as developed as in the 
water deer [16].

To the best of our knowledge, this is the first study presenting the detailed structure of the placentome of the Korean water 
deer. The Korean water deer possesses an average of six convex-shaped placentomes with well-developed pedicles and villi. The 
placenta of the Korean water deer can be classified as oligocotyledonary and synepitheliochorial, which is similar to other Cervidae 
subfamilies. The number of fetuses was markedly higher than that in other species of Cervidae family. Although the number of 
placentomes is similar to other species of Cervidae family, the Korean water deer might possess special mechanisms or structures 
in the attachment site of the fetus to maintain the unusally high number of fetuses. Therefore, the unknown underlying mechanisms 
need to be elucidated in the future studies.
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Fig. 2. The vertical section of the placentome from specimen 007 stained using Azan staining (A), and its schematic diagram (B).  
A pedicle (arrow) extending from the maternal organ of the placentome to the uterus, and the villi (arrowheads) were observed. 
Scale bar=5 mm.

Table 1. Size and number of fetuses and placentomes in Korean water deer

Specimen ID CRL (mm)  
Average (min–max)

Volume of placentome (cm3) 
Average (min–max)

No. of placentomes  
(Left/Right uterine horn)

No. of fetuses  
(Left/Right uterine horn)

1 13.6 (13.6–13.6) NA NA 3 (3/0)
2 92.2 (91.5–92.8) 8.5 (5.2–16.7) 5 (2/3) 2 (1/1)
3 94.2 (92.1–97.0) 17.1 (11.9–22.9) 5 (2/3) 3 (1/2)
4 104.1 (98.4–112.2) 21.6 (11.9–28.2) 5 (3/2) 3 (1/2)
5 111.4 (104.0–116.4) 28.9 (3.6–47.5) 7 (4/3) 4 (2/2)
6 114.5 (113.6–115.4) 12.5 (8.5–18.3) 6 (3/3) 2 (1/1)
7 123.6 (112.0–129.6) 23.4 (2.7–57.0) 9 (4/5) 3 (2/1)
8 142.4 (142.4–142.4) 25.4 (13.5–36.0) 5 (2/3) 1 (1/0)
9 174.9 (162.8–194.6) 56.2 (7.4–82.0) 7 (4/3) 3 (1/2)
10 183.7 (183.7–183.7) 28.2 (22.2–32.7) 6 (3/3) 1 (0/1)

CRL, crown rump length; NA, not available.
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