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Figure5  Scanning electron microscopy (SEM) images of the corpus of the tongue of Jentink’s flying squirrel. (A) conical papillae
(cp), shows conical papillae in a radiating symmetrical pattern. (B) High magnification conical papillae in a radiating
symmetrical pattern. (C) The conical papillae (cp), between which papillae the fungiform papillae (fup) are present. (D)
The long filiform papillae (Ifp) on the anterior part of the corpus.

Figure 6  Scanning electron microscopy (SEM) images of the radix of the tongue of Jentink’s flying squirrel. (A) On the radix, the
conical papillae (cp), large conical papillae (Icp), fungiform papillae (white arrow), and vallate papillae (vp) are
distributed. (B) High magnification of the large conical papillae (Icp) on the lateral side of the vallate papillae (vp) and
conical papillae (cp). (C) Photograph of a vallate papilla (vp) surrounded by one layer of wall (w) that forms a circular
groove (*) around the papilla.
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Figure7  Photomicrograph of the Jentink’s flying squirrel tongue with hematoxylin and eosin staining. (A) The histology of the
anterior apex. The apex is histologically divided into three layers: (lem) lamina epithelialis mucosae, (Ipm) lamina propria
mucosae, and (Imm) lamina muscularis mucosae. The muscularis layer includes the transversal fibers (tf) and longitudinal
fibers (If). The foliate papilla (fop) observed between short filiform papillae (sfp). (B) High magnification foliate papillae
(fop) between short filiform papillae (sfp). Keratinization of the epithelium appears thick in short filiform papilla and thin
in foliate papillae (black arrow). (C) The histology of the posterior apex. Fungiform papillae (fup) between long filiform
papillae (Ifp). (D) High magnification of fungiform papillae (fup) can be observed between long filiform papilla (Ifp).
Keratinization of the epithelium appears thick in long filiform papillae and thin in fungiform papillae (black arrow).

Figure8  The histology of the corpus of the tongue Jentink’s flying squirrel. (A) The conical papillae (cp) and fungiform papillae
(fup) are present. The corpus is histologically divided into three layers: (lem) lamina epithelialis mucosae, (lpm) lamina
propria mucosae, and (Imm) lamina muscularis mucosae. In addition, on the lingual muscle the transversal fibers (tf),
longitudinal fibers (If) and lingual glands (gl) can clearly be seen. (B) High magnification of the conical papillae (cp) and
fungiform papilla (fup). Conical papillae have thick keratinization (black arrow). The fungiform papilla has a taste bud
(tb) and a thin layer of keratin (black arrow).
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Figure9  The histology of the radix of the tongue Jentink’s flying squirrel. (A) On the surface there are large conical papillae (Icp)
and a vallate papilla (vp). The radix region histologically consists of three layers (as do the apex and corpus): (lem) lamina
epithelialis mucosae, (Ipm) lamina propria mucosae, and (Imm) lamina muscularis mucosae. In addition, the transversal
fibers (tf), longitudinal fibers (If) and some lingual glands (gl) can be seen on the muscularis layer. The vallate papilla has
an outer wall (w) that follows the path surrounding the papillae. (B) High magnification of a vallate papilla (vp) in the
radix; in the mucosa of the vallate papillae, abundant taste buds can be found (*). Vallate papillae have thin epithelial
keratinization (black arrow). Vallate papillae were limited by a sulcus (white arrow) and walls (w) formed from epithelial
invaginations. (C) High magnification of the large conical papilla (lcp) in the radix.

Discussion

Morphological observation revealed that the wide,
flat tongue of H. platyurus consists of three parts,
namely, the apex, corpus (body) and radix (root). This
three-part division has been observed in the tongue of
other rodents, such as rats (Harlajczuk et al., 2018),
Japanese giant flying squirrels (Emura et al., 1999),
Persian flying squirrels (Sadeghinezhad et al. 2016),
Patagonian cavy (Emura et al., 2011) and long-eared
hedgehogs (Parchami et al., 2018). In H. platyurus, the
tongue apex bears a median groove or sulcus
medianus that divides the apex into two wide areas.
Median groove formations are common among
rodents, including Clethrionomys glareolus (Jackowiak
and Godynicki 2005), Hystrix cristata (Karan et al.,
2011), Sciurus vulgaris (Unsaldi 2010), Dasyprocta aguti
(Ciena et al., 2013), Muscardinus avellanarius (Wolczuk
2014), Sciurus anomalus (Sadeghinezhad et al., 2016),
Rhizomys sumatrensis (Wannaprasert 2017),and Octodon
degus (Cizek et al., 2016). Meanwhile, rodents such as
the guinea pig (Kobayashi 1990), Patagonian cavy
(Emura et al., 2011), capybara (Watanabe ef al., 2013)
and rock cavy (Santos ef al, 2015) lack a sulcus
medianus.

H. platyurus lack a lingual prominence on the
posterior part of the corpus. This characteristic is also
absent from the tongue of the long-eared hedgehog
(Parchami et al., 2018; Jabbar 2019). The presence of a
lingual prominence is regarded as an adaptation to
herbivory, as the prominence —rich with muscle and
filiform papillae —allows herbivores to grind food by
crushing it between the tongue and the upper palate
(Abumandour and El-Bakary 2013). In H. platyurus, the
posterior part of the tongue, i.e., the radix (root), is
characterized by the presence of vallate papillae.

SEM and LM observations revealed that the
papillae of H. platyurus can be divided into two
functional groups, mechanical and gustatory papillae.
The filiform papillae and conical papillae can be
categorized as mechanical, while the fungiform
papillae, foliate papillae, and vallate papillae can be
categorized as gustatory. The filiform papillae are
predominant on the H. platyurus tongue, covering the
apex and the anterior two-thirds of the corpus. The
conical papillae, in contrast, are located partly on the
corpus (body) and partly on the radix (root).

The distribution of the filiform papillae in H.
platyurus is consistent with other members of the order
Rodentia (Whitehead and Kachele 1994; Emura et al.,



Wihadmadyatami H. et al. / Thai | Vet Med. 2020. 50(2): 239-249. 247

1999, 2011; Jackowiak and Godynicki 2005; Nonaka et
al., 2008; Cheng et al., 2009; Kilinc et al., 2010; Unsaldi
2010; Ciena et al., 2013; Watanabe et al., 2013; Wolczuk
2014; Cizek et al.,, 2016; Sadeghinezhad et al., 2016;
Wannaprasert 2017). The filiform papillae can be
divided into two subtypes based on morphology: short
and long filiform papillae. The short filiform papillae
cover the majority of the apex and bear conical
processes. In contrast, the long filiform papillae are
located on the posterior part of the apex and the
anterior two-thirds of the corpus; each bears a single
triangular process, which is thicker and longer than
those of the short filiform papillae. Similar types of
filiform papillae have been observed in the guinea pig
(Kobayashi 1990), American beaver (Shindo et al.,
2006), capybara (Watanabe ef al., 2013), and rock cavy
(Santos et al., 2015). The filiform papillae may function
as a supporting structure for food uptake, mastication
and ingestion (Jackowiak and Godynicki 2005; Pastor
et al., 2008). The conical papillae are found on the
posterior third of the corpus and form a radiating
symmetrical pattern, pointing cranially, medially and
caudally. This pattern can also be observed on the
tongue of the hazel dormouse (Wolczuk 2014). Conical
papillae were also observed on the radix, whereas the
large conical papillae were distributed on the lateral
radix.

The gustatory papillae can be categorized as
fungiform papillae, foliate papillae and vallate
papillae. Morphologically, the fungiform papillae
appear round in shape and are wider and shorter than
the filiform papillae. The fungiform papillae are
located among the filiform and conical papillae on the
apex and corpus. In some rodents, such as the
Patagonian cavy (Emura et al.. 2011), fungiform
papillae are located on the lateral part of the apex. Our
observations revealed that each fungiform papilla
bears only one taste bud. This number varies among
species, for example, the Persian flying squirrel has one
to four taste buds per papilla (Sadeghinezhad et al.,
2016).

Interestingly, unlike rodents such as the
Patagonian cavy, capybara and rat (Emura et al., 2011;
Watanabe et al., 2013; Harlajczuk et al., 2018), foliate
papillae are present only between the short filiform
papillae on the apex in H. platyurus. SEM and LM
observations show that the foliate papillae in H.
platyurus have the same structure as the fungiform
papillae, but lack taste buds. In some mammalian
species, such as koalas and common tree shrews, the
foliate papillae also lack taste buds (Kobayashi and
Wanichanon 1992; Kobayashi et al., 2003). In rodents,
the foliate papillae are typically located on the radix of
the tongue (Wolczuk 2014; Sadeghinezhad ef al., 2016;
Hartajczuk et al.,, 2018). However, blind mole rats
(Kilinc et al, 2010) and large bamboo rats
(Wannaprasert 2017) lack foliate papillae. According to
Shindo et al., (2006), the development of foliate papillae
is correlated with the type of food eaten and the way it
is processed inside the mouth. In our study, the H.
platyurus in captivity were fed a uniform food type,
which may have restricted the development of the
foliate papillae.

The presence of vallate papillae has been widely
observed in rodents, with variations in number and

morphology between species. This study demonstrates
that H. platyurus has three vallate papillae on the
posterior part of the radix. Guinea pigs (Kobayashi
1990), rabbits (Nonaka et al., 2008), blind mole rats
(Kilinc et al., 2010), Patagonian cavies, capybara, nutria
(Emura et al., 2011), and porcupines (Atalar and Karan
2011) bear two vallate papillae. The number of vallate
papillae is reduced to one, which is centrally located in
the caudal region, in rats (Hartajczuk et al., 2018), mice
(Kobayashi and Wanichanon 1992) and bank voles
(Jackowiak and Godynicki 2005). The Japanese flying
squirrel (Emura et al., 1999), American beaver (Shindo
et al., 2006), and Persian flying squirrel (Sadeghinezhad
et al., 2016) have three vallate papillae. In H. platyurus,
the vallate papillae are surrounded by a deep groove
and a wall; histological examination shows that these
papillae bear many taste buds on the lateral walls of the
lamina epithelialis. The structure of the vallate papillae
provides a wide taste area. Since H. platyurus is
omnivorous, we can postulate here that the number of
vallate papillae is important to improve food
palatability.
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