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Introduction

Summary

The Italian lizard (Podarcis sicula) is the most diffused reptile in Italy, but it is
also present in other European countries. This lizard belongs to the Lacertidae
family, lives near walls, slants and along the borders of the paths; its diet
includes bugs and aracnids. No data are so far available in literature about the
three-dimensional morphology of the tongue of Podarcis sicula, therefore the
aim of the present paper was to study by scanning electron and light micros-
copy the three-dimensional characteristics of the dorsal lingual surface and
moreover the presence of chemosensory receptors like the taste buds in the oral
cavity. Our results demonstrate that the Podarcis sicula tongue is a triangular
muscular membranous organ, dorsoventrally flattened and that three different
areas can be observed: a bifid apex, a body and a root. No papillae were
observed in the apex, characterized by a flattened mucosa and by two deep
median pouches. In the body cylindrical papillae with a flat surface are present,
aborally gradually substituted by imbricated papillae. Foliate-like papillae were
observed in the lateral parts of the tongue body. No sensory structures were
showed on the lingual dorsal surface, while they were numerous in the oral
cavity, particularly on the gingival epithelium. The light microscopy shows, on
the dorsal surface, a stratified pavimentous not keratinized epithelium, con-
versely keratinized along the ventral surface. Many caliciform cells on the lat-
eral parts of the papillae, deputed to the secretion of mucus, were also
observed. Therefore, the results obtained in this paper could give a contribu-
tion to the knowledge of the tongue anatomy in a species widely diffused
in different European countries and could be of help for clinical purposes in
reptiles.

inter-specific variety (Herrel et al., 2005). The epithelium
of the lingual surface, in the various reptiles, observed by

The Italian lizard or rural lizard (Podarcis sicula), in past
considered a typical species of Sicily, is the most diffused
reptile in Italy but is also present in France, Switzerland,
Slovenia, etc. (Isailovic et al., 2005). This saurian, belong-
ing to the Lacertidae Family, is easily observable in the
anthropized zones in proximity of walls, sunny rocky
slants and along the borders of the paths, never away
from a possible shelter. The diet essentially includes bugs
and arachnids. Recent data related to the morphology of
the oral cavity of numerous species belonging to the Fam-
ily of Lacertidae, suggest a notable species-specific and
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light microscopy (Smith, 1986; Schwenk, 1988; Delheusy
et al., 1994) and electron microscopy (Iwasaki and Miyat-
a, 1985; Rabinowitz and Tandler, 1986; Iwasaki, 1990)
shows notable differences. Just for this extreme variability
the lizards represent above all a particularly interesting
group for the morpho-functional study of the tongue
(Schwenk, 1988; Schwenk and Bell, 1988; Schwenk and
Throckmorton, 1989; Cooper, 1997). This last, considered
a key element in the evolution from the aquatic life to
that terrestrial, is specialized more and more in the trans-
port of alimentary products inside the oral cavity in a
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low density medium like the air (Iwasaki and Miyata,
1985; Iwasaki, 1990). The tongue has different functions
in the different steps; from the capture of the prey to the
transport of the same one inside the oral cavity and the
following swallowing (Iguania) (Bell, 1989, 1990; Abbate
et al., 2008) to the chemoreceptive function (Scleroglossa)
(Cooper, 1995; Schwenk, 2000). The tongue is, also, a
useful organ to drink and to breathe and in the defensive
behaviours (Bels et al., 1994). Close correlations intervene
between the morphology of an organ and the function
that it develops (McClung and Goldberg, 2000; Schwenk,
2000). In literature, numerous data are present regarding
the structure and the function of the tongue of Iguanidae
(Abbate et al., 2008) and Varanidae (Smith,1984,1986;
Herrel et al., 1998); the bibliographical data related to the
morphology of the tongue of the intermediary order of
the Scincomorpha, the most numerous group of Sauri,
are, instead, scarce (Herrel et al., 1999; Schwenk, 2000;
Abbate et al., 2009; ). Since really in the Lacertidae the
tongue shows both the functions of prehension and trans-
port (Goosse and Bels, 1992a; Urbani and Bels, 1995) and
chemoreceptorial one (Goosse and Bels, 1992b), we
decided to give a contribution to the knowledge of the
morpho-functional aspects of the tongue of Podarcis sicu-
la. The aim of this study was mainly focused to study by
scanning electron microscopy and light microscopy the
three-dimensional structure of the dorsal surface of the
tongue and the oral cavity chemosensory structures.

Material and Methods

Ten subjects of Podarcis sicula from lizard farms were
used for this study. After the withdrawal of the heads, for
a good exposure of the tongue, the temporo-mandibular
joints were disarticulated and cut. The samples were fixed
in 2.5% glutaraldehyde. After several rinsings in the same
phosphate buffer, they were dehydrated in a graded alco-
hols series, critical-point dried in a Balzers CPD 030,
sputter coated with 3 nm gold in a Balzers BAL-TEC
SCD 050 and examined under a Cambridge Stereoscan
240 electron microscope (Zeiss ex Cambridge Instru-
ments, Cambridge, UK) operating with an accelerating
voltage of 20 kV. For ascertaining the morphological
details better, some pieces were washed in 5% neutral
Extran (Merck, Damstadt, Germany) to remove the
mucus. For light microscopy, the routine methods for
haematoxylin and eosin staining were carried out.

Results

The Podarcis sicula tongue is an elongated muscular
membranous organ, with a triangular shape, dorsoven-
trally flattened. Three different areas can be observed: an
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apex, a body and a root (Fig. 1). Along the dorsal surface
of the tongue, numerous papillae with different form and
distribution are evident. The apex is bifid, without papil-
lae and characterized, on each part, by two deep median
pouches (Fig. 2a). The change from the apex to the body
of the tongue is marked by a clear demarcation line
(Fig. 2b).

The mucosa, flattened at the apex level, arises in plicae,
forming cylindrical papillae with a flat surface in the
anterior part of the body (Fig. 2d), that gradually are
substituted, in the posterior part, by imbricated papillae
with an irregular free edge (Fig. 2e). Along the lateral
edges of the tongue body foliate-like papillae are evident,
becoming greater aborally, converging medially, at root
level (Fig. 2¢,f).

On all the dorsal surface of the tongue, sensory struc-
tures could not be observed, but, conversely numerous
taste buds were present in the oral cavity, particularly on
the gingival epithelium (Fig. 3a—d).

The light microscopy shows on the lingual dorsal sur-
face a stratified pavimentous not keratinized epithelium,
conversely keratinized along the ventral surface (Fig. 4a).
The flattened mucosa of the apex changes in the body for
the presence of parallel papillae with an aboral orientation
and evident inter-papillary spaces with the presence of
melanin in the papillae and in the layers below (Fig. 4b).
On the tongue root, high foliate-like papillae, aborally
oriented, with many caliciform cells on the lateral parts,
deputed to the secretion of mucus, useful during the food
swallowing, were observed (Fig. 4c).

Fig. 1. Stereomicrograph of the tongue dorsal surface: The lines
divide the three different areas: a: the limit of the bifid apex; from a
to b: the body of the tongue; from b to ¢ the root. The rectangle, on
the left encloses the epiglottis, scale bar: 5 mm.
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Fig. 2. (a) Scanning electron
micrograph of the bifid apex of
the tongue. The arrow indicates
the deep median pouches, scale
bar: 500 um; (b) the passage
between the mucosa of the apex
and the body is marked by a
broken line, scale bar: 200 um;

() lateral part of the body with
large foliate-like papillae, scale bar:
100 um; (d) in the anterior part of
the body cylindrical papillae with
flat surfaces (asterisks), scale bar:
200 um; (e) the posterior part with
imbricated papillae (wickets) with
an irregular free edge, scale bar:
200 um; (f) the root of the tongue
characterized by great foliate-like
papillae, the arrow indicates the
epiglottis; scale bar: 1 mm.

Fig. 3. (@) Scanning electron
micrograph of the gingival epithe-
lium of the oral cavity. The asterisk
indicates a tooth while the arrows
indicates the taste buds, scale bar:
100 um. (b, ¢) The taste buds at
higher magnification indicated by
arrows, scale bar: b: 100 um; c:
200 pum. (d) A taste bud with taste
hair and the taste pore, scale bar:
5 um.

Discussion

The morphological characteristics of the tongue in verte-
brates are strictly related to the functions used in the
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mechanics of food taking, considering, also, that the ton-
gue is very important as a key in the evolution of a
terrestrial lifestyle (Herrel et al., 2005). The observations
carried out by scanning electron and light microscopy
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demonstrated the presence of three different areas that we
indicated as apex, body and root. The different morpholog-
ical aspects of the dorsal surface in the three areas let
hypothesize different roles during the sequence of events
involved in the food taking: the apex could have a role not

only in food prehension and in prey transport inside the
oral cavity, but also in the chemosensorial perception
because of the presence of two deep median pouches, that
hypothetically could carry air to the vomero-nasal organ to
be analysed to reveal the presence of prey, predators or
partners. This hypothesis should be confirmed in further
studies. The tongue body could be essential in the prey
keeping inside the oral cavity preventing the escape not
only for the aboral orientation of the papillae but also for
the presence of deep inter-papillary spaces determinant for
the adhesion, while the root could have an important role
helping the deglutition for the presence of numerous calici-
form cells. The morphological description matches that of
other reptiles with terrestrial lifestyle and can be correlated,
without any doubt, with the diet and also the different
roles described are in accordance with the behaviour and
ecological information about these species (Smith, 1986,
1988; Bell, 1989, 1990; Delheusy et al., 1994; Cooper, 1997;
Bonacci et al., 2008; Abbate et al., 2009).

The taste buds present in the oral cavity, especially on
the gingival epithelium and reported in literature as com-
plex pear or onion-shaped sensory organs containing dif-
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Fig. 4. (a) Light micrograph
(haematoxylin and eosin staining)
of a transverse section of the
stratified pavimentous not
keratinized epithelium of the apex
without papillae (arrow), while the
ventral surface is keratinized. The
body is characterized by parallel
cylindrical papillae with an aboral
orientation and evident inter-
papillary spaces, better showed in
the insert; the arrowhead indicates
the limit between the apex and
the body, scale bar: 100 um; (b) at
higher magnification the cylindrical
papillae with flattened surfaces
and the presence of melanin in the
papillae and in the layers below;
scale bar: 100 um; (c) the tongue
root with foliate-like papillae, with
many caliciform cells on the lateral
parts indicated by arrows; scale
bar: 30 um.

ferent types of sensory cells reveal their role as
mechanoreceptive or as paracrine or as neuroendocrine
cells (Witt and Reutter, 1988; Germana et al., 2004;
Roper, 2006) while their absence on the lingual surface
confirms the mechanical functions of the papillae and
their important role in the swallowing phase.

For the absence of previous data about the three-
dimensional morphology of the dorsal lingual surface of
this reptile and for the results obtained the data described
in this paper could give a contribution to the knowledge
of the tongue anatomy in a species widely diffused in dif-
ferent European countries and could be of help for clini-
cal purposes in reptiles.
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