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Abstract: In the present study, the parotoid region, dorsal and ventral integuments of Lyciasalamandra billae and Lyciasalamandra luschani basoglui were investigated in terms of localization of hyaluronic acid (HA) and histochemical characteristics. HA immunoreactivity was carried out using biotinylated hyaluronic acid binding protein (B-HABP) labelled
with streptavidin-ﬂuorescein isothiocyanate (FITC). HA was mainly localized in the stratum spongiosum of L. billae and
L. luschani basoglui for water homeostasis and skin functionality. Light microscopic observations revealed that the dorsal
and ventral integuments of L. billae and L. luschani basoglui exhibited basic morphological characteristics of other amphibians: the epidermis was composed of a stratiﬁed squamous epithelium and the dermis subdivided into stratum spongiosum
and stratum compactum. Two diﬀerent types of dermal glands (mucous and granular glands) were identiﬁed in the spongious dermis of the dorsal and ventral integuments whereas in the parotoid region, three diﬀerent types of glands (mucous,
granular and parotoid glands) were examined.
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Introduction
Glycosaminoglycans (GAGs) are a major component
of the extracellular matrix, glycocalyx, and synovial
ﬂuid. There are two main types of GAGs: non-sulphated
GAGs (hyaluronic acid) and sulphated GAGs (chondroitin sulphate, dermatan sulphate, keratan sulphate,
heparin and heparan sulphate). Hyaluronic acid (HA;
syn. hyaluronan, hyaluronate) is unique among GAGs
with respect to not being covalently bound to a
polypeptide. It is synthesized in the plasma membrane
of ﬁbroblasts and other cells by addition of sugars to
the reducing end of the polymer (Balazs et al. 1986;
Laurent & Fraser 1992; Laurent et al. 1996; Kennett
& Davies 2009). While HA was formerly known as
a passive molecule, in recent years new roles of HA
were demonstrated in active regulation of many biological processes, cell proliferation and migration. HA also
causes leading modiﬁcations of the cell behavior and
cell interaction in cancer and vascular diseases (Toole
1997; Göransson 2001; Toole et al. 2002; Turley et al.
2002).
The skin is an eﬀective barrier between the inside
and the outside of the organism and is one of the organism’s crucial interfaces for contact and communication
with its external environment (Proksch et al. 2008; Rakers et al. 2010). Due to the fact that amphibians inhabit
a wide spectrum of habitats, the skin is a critical organ
that performs several functions such as respiration, ion
and water transport (Duellman & Trueb 1994; Stiﬄer
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et al. 1997; Hoﬀman & Katz 1999; Sullivan et al. 2000).
The amphibian skin, like that of any other vertebrate,
comprises of epidermis and dermis (Fox 1986; Duellman & Trueb 1994), but it is characterized by having
numerous dermal glands. According to structural, ultrastructural and histochemical properties, amphibians
skin possesses two type of cutaneous glands which are
mucous and serous (granular or venom) glands (Toledo
& Jared 1995).
Although many salamander species have been described in the world, there are far fewer studies related
to the integument morphology of salamander species,
and there are no reports of skin morphology of Lyciasalamandra. This study was performed for the purpose of morphological and histochemical characterization, and demonstration of HA in Lyciasalamandra billae (Franzen et Klewen, 1987) and Lyciasalamandra
luschani basoglui (Baran et Atatür, 1980) skin to provide a better understanding of the role of HA.
Material and methods
Animals
The present study was carried out according to the animal
ethical committee of Ege University, Faculty of Medicine
(permit no: 2011-091) and approved by Republic of Turkey
Ministry of Forestry and Water Aﬀairs (date: 11 April 2011,
permit no: 42694). Four specimens (two adult males and
two adult females) of L. billae and L. luschani basoglui
were captured from Antalya (Turkey). The dorsum of L. billae is of salmon ground colour with some white spots disUnauthenticated
Download Date | 11/18/19 10:14 AM

E. Akat et al.

390

Fig 1. A: Male Lyciasalamandra billae; B: Female Lyciasalamandra luschani basoglui.

tributed on the back and ordered regularly, forming two
light dorsolateral bands. The parotoids are light yellowsalmon (Fig. 1A). The dorsal part of body in L. luschani
basoglui is light yellowish-pink covered with randomly distributed brown spots of diﬀerent sizes and brightness. The
parotoids are lighter than the dorsal part of body. Both the
extremities and tail are reddish with very small black spots
(Fig. 1B). Sexual dimorphism for all Lyciasalamandra taxa
is swollen cloacal region and hedonic protuberance above
the tail base in males (Göçmen & Akman 2012).
Histochemistry
Animals were anaesthetized with ether, and euthanized by
decapitation. Then skin samples from parotoid region in the
both sides of the head and the anterior, middle and posterior back and belly region (16–25 mm2 surface area) were
obtained and immediately ﬁxed in 4% paraformaldehyde
overnight at 4 ◦C. Thereafter, the tissue samples were rinsed
with 0.1 M phosphate-buﬀered saline (PBS), pH 7.2, and
processed according to the standard histological protocols
for paraﬃn embedding. Five micrometer serial sections were
stained with Gill’s hematoxylin-eosin (HE) (modiﬁed Gill
et al. 1974), Periodic acid-Schiﬀ (PAS) (Lillie 1951), Alcian
blue (AB) (Steedman 1950), Mallory’s trichrome (Pantin
1946), Picro-Ponceau (Gurr 1956). After the stain with PAS
and AB, counterstaining was carried out with HE.
Hyaluronic acid (HA) immunoreactivity was evaluated using biotinylated hyaluronic acid binding protein (BHABP) (kindly obtained from Benaroya Research Institute). B-HABP was prepared from cartilage as described
(Underhill et al. 1993). Sections were deparaﬃnized, and
non-speciﬁc binding sites were blocked with 2% bovine
serum albumin (BSA) in PBS, and then incubated in BHABP labelled with FITC (streptavidin-ﬂuorescein isothiocyanate) (Sigma Chemical Company). All washes were
performed using PBS. Sections were evaluated and photographed using a Leica DM3000 microscope (Leica Microsystems) that was equipped with a Leica digital camera
(DFC290). For negative control hyaluronidase digested sections were used. For positive control, sections were stained
with B-HABP/HA.

Results
According to light microscopic observations, dorsal
and ventral integuments of Lyciasalamandra billae and
L. luschani basoglui were composed of epidermis and
dermis. The epidermis in both L. billae and L. luschani

basoglui were composed of a stratiﬁed squamous epithelium and the epithelium exhibited weak keratinization
(Figs 2A, C, D). The dermis consisted of a vascularized stratum spongiosum of loose connective tissue and
the compact dermis was formed by mainly collagenous
ﬁbers that were compactly structured. Dermal glands
were situated in the spongious dermis in both the dorsal and ventral regions (Figs 2A, E). Melanophores were
situated in the dermis beneath the basement membrane
of dorsal skin (Figs 2B, C) but they were not observed
in the ventral region.
Two diﬀerent types of dermal glands (mucous and
granular glands) were identiﬁed in the dorsal and ventral regions. Mucous glands were more abundant than
granular glands, and granular glands were rarely observed in both the dorsal and ventral sides of L. billae
and L. luschani basoglui. In both specimens the percentage of serous glands in the dorsal region ranged
from 10% to 15%, and in ventral region ranged from 3%
to 6%. Mucous glands possessed an obvious lumen and
were lined by mucocytes. These alveolar glands were
ﬁlled with ﬂocculent, amorphous secretory material.
After the Periodic acid-Schiﬀ (PAS) staining method,
the content of mucous glands gave a positive reaction
due to neutral mucosubstances. The content of mucous
glands also reacted positively with AB for the presence of acid mucopolysaccharides (Figs 2B, E). Granular glands contained homogeneously distributed granules (Figs 2A, C), and the content of granular glands
did not react with PAS and AB pH 2.5. The secretory
contents of granular glands were shown to be acidophilic
after Mallory’s trichrome (Fig. 2C). Mucous and granular glands presented the same morphological and histochemical characteristics in both dorsal and ventral
skin. After the Picro-Ponceau procedure collagenous
ﬁber bundles were stained red (Fig. 2A).
In the parotoid region, three diﬀerent types of
glands (mucous, granular and parotoid glands) were
examined. The parotoid region integument possessed
small pores that connect with duct openings of parotoid
glands. The parotoid glands consisted of an aggregation
of secretory units and were larger than other glands
(mucous and granular glands). These glands were surrounded by collagenous ﬁber bundles and were only loUnauthenticated
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Fig. 2. A: Light microscopic view of dorsal skin of L. billae. The skin is formed by the epidermis and dermis. Dermal glands of located
in stratum spongiosum, Picro-ponceau staining; B: Periodic acid-Schiﬀ (PAS)+Hematoxylin positive reaction of mucous glands in
L. luschani basoglui dorsal skin; C: The stratiﬁed squamous epithelium exhibited weak keratinization in the dorsal skin of L. billae,
Mallory trichrome staining; D: Light microscopic view of ventral skin of L. luschani basoglui. Each gland was connected to the surface
of the skin by epidermal duct, Hematoxylin-eosin (HE) staining; E: Flocculent, amorphous secretory material of mucous glands reacted
with AB pH 2.5 in ventral integument of L. luschani basoglui; F: Parotoid region of L. billae, PAS+Hematoxylin, epidermis (E), dermis
(D), stratum spogiosum (SS), stratum compactum (SC), mucous gland (M), granular gland (GG), parotoid gland (PG), melanophores
(white arrow), keratinized cells (black arrow), blood vessel (black arrow head), myoepithelial cells (white arrow head), gland duct (*).

cated in the parotoid region. Therefore we preferred to
use the term parotoid gland. Other dermal glands (mucous and granular glands) were observed to be beneath
the epidermis in the parotoid region (Fig. 2F). All of
dermal glands were enveloped by myoepithelial cells,

and each dermal gland was connected to the surface of
the skin by an epidermal duct (Figs 2A, D, E).
HA immunoreactivity was evaluated using an
FITC labelled speciﬁc probe (B-HABP) in paraﬃnized
sections by ﬂuorescent microscopy. This reaction ocUnauthenticated
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Fig. 3. Immunoﬂuorescence localization of Hyaluronic acid (HA) in dermis of dorsal side. The localization of HA mainly in stratum
spongiosum. A: Dorsal skin of L. billae; B: Dorsal skin of L. luschani basoglui.

curred with HA dispersed through the extracellular matrix. According to the HA immunoreactivity, it was localized in the dermis and was widely distributed in the
stratum spongiosum around the mucous glands (Figs
3A, B).
Discussion
Amphibian skin is an important organ due to the fact
that it performs critical functions as respiration, ion
and water transportation, however, the morphological
and functional complexities of this organ are not yet
fully understood (Duellman & Trueb 1994; Stiﬄer et
al. 1997; Hoﬀman & Katz 1999; Sullivan et al. 2000).
In recent years, an increasing amount of work has been
carried out about the morphology and structure of amphibian integument (de Brito-Gitirana & Azevedo 2005;
Felsemburgh et al. 2007, 2009; Gonçalves & de BritoGitirana 2008; Bingol Ozakpınar & Murathanoglu 2011;
Mangione et al. 2011). But, there are few reports related to morphology and structure of skin in salamander species.
In all the animals used in the present study, the
epidermis was supported by the dermis which was composed of two layers which were stratum spongiosum and
stratum compactum as described in other amphibians
(Fox 1986; Duellman & Trueb 1994; Rigolo et al. 2008;
Bingol Ozakpınar & Murathanoglu 2011). The epidermis in both L. billae and L. luschani basoglui is com-

posed of a stratiﬁed squamous epithelium. The outer
limit of epidermis is lined by keratinized cells and exhibits weak keratinization. In Lithobates catesbeianus
(Shaw, 1802) (Pelli et al. 2010), the epidermis was constituted by a squamous epithelium lightly keratinized
in contrast to the keratinized epidermis described for
Rhinella icterica (Spix, 1824) (former Bufo ictericus)
(de Brito-Gitirana & Azevedo 2005). The keratinization grade is related to animal adaptation to terrestrial
environment, because keratins protect epithelial cells
from mechanical stress (Gu & Coulombe 2007; Pelli et
al. 2010).
Two types of dermal glands, mucous and granular glands in the stratum spogiosum of L. billae and
L. luschani basoglui were observed. Wang et al. (2011)
reported a relatively high degree of keratinization in the
stratiﬁed epidermis and two kinds of glands, mucous
and granular glands, in the salamander Tylototriton
taliangensis Liu, 1950. Gonçalves & de Brito-Gitirana
(2008) determined two types of cutaneous glands; mucous and tubuloalveolar glands representing the main
glandular type in Cycloramphus fuliginosus Tschudi,
1838. In R. icterica, two types of glands, mucous and
venom, were detected by de Brito-Gitirana & Azevedo
(2005). However, other authors (Warburg et al. 2000;
Nosi et al. 2002) reported diﬀerent types of dermal
glands, such as lipid (wax) and mixed (seromucous
gland). Bingöl Ozakpinar & Murathanoğlu (2011) observed three types of skin glands; serous, mucous and
Unauthenticated
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mixed glands in the dorsal and ventral parts of Triturus karelinii (Strauch, 1870). On the other hand, in
the parotoid region of L. billae and L. luschani basoglui, three diﬀerent types of glands (granular, mucous and parotoid glands) were identiﬁed. All types of
glands were determined according to their morphology
and standard histochemical staining reactions.
The HA immunoreactivity was localized in the dermis and widely distributed in the stratum spongiosum,
around the mucous glands of L. billae and L. luschani
basoglui. HA is a major component of connective tissue matrices, where it participates in promoting matrix
assembly, viscosity of some ﬂuids and tissue hydration
because of its water binding property (Elkan 1968; Laurent et al. 1996). On the basis of these literatures, HA
is conceivable as a water barrier, and it probably enables the transfer of water towards the epidermis and
mucous glands in L. billae and L. luschani basoglui.
Therefore, HA and mucus secretion of mucous glands
work together to maintain skin moisture, enable the
skin lubrication, and reduce mechanical friction.
HA is an important constituent of the interstitial barrier. It provides to decrease tissue permeability,
thereby increasing the viscosity of tissue. Catalyzing the
hydrolysis of hyaluronic acid by hyaluronidase causes
increased tissue permeability. Therefore it is used in
medicine in conjunction with other drugs to speed their
dispersion and delivery. Some bacteria, such as Staphylococcus aurens, Streptococcus pyogenes and Clostridium perfringens produce hyaluronidase to hydrolysis of hyaluronic acid as means of increasing mobility
through the body’s tissues (Ponnuraj & Jedrzejas 2000;
Lin & Stern 2001; Lokeshwar et al. 2002; Hajjaji et al.
2005; Kim et al. 2005; Girish & Kemparaju 2006; Necas
et al. 2008). Based on these data, HA probably acts as a
chemical and biological defence barrier. Therefore, HA
is widely localized in the stratum spongiosum beneath
the epidermis of L. billae and L. luschani basoglui.
Consequently, this study revealed morphological
and histochemical characteristics of dorsal/ventral skin
and the parotoid region of L. billae and L. luschani basoglui. For immunohistochemistry, HA probably acts a
signiﬁcant role in water balance and as a chemical and
biological defence barrier.
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