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Abstract
We analysed the embryonic epidermis of the pool frog, Pelophylax lessonae, by light and electron microscopy techniques, and 
characterized preliminarily its mucous secretions with conventional histochemistry (Toluidine Blue, Periodic Acid-Schiff, Alcian 
blue pH 2.5 and Alcian blue pH 1.0). At Gosner’s developmental stage 21, the epidermis consisted of a bilayered epithelium 
with five cell types. Basal cells (BCs) constituted the basal layer, presented a large nucleus and were sometimes observed in 
mitosis. Ciliated cells (CCs) had a ciliated apical membrane, with carboxylated glycans in the sub-apical portion. TEM analysis 
revealed small vesicles just below the surface, a central nucleus, and evident yolk plates. Goblet cells (GCs) and small secretory 
cells (SSCs) showed secreting vesicles and vacuoles, respectively. In the mucus secretion of GCs sialosulphomucins appeared, 
while in that of SSCs sulphation was not observed. Under TEM, GCs had irregular shaped nuclei and a less electron-dense 
cytoplasm with respect to SSCs. Ionocytes (INs) presented apical microvilli and a high electron-dense cytoplasm with vacuoles. 
SEM analysis revealed that GCs outnumbered the other cell types and that SSCs and INs were usually located together near to 
GCs. The relatively simple structure of the epidermis and its direct interfacing with the environment renders it a good model for 
the study of structure and development of mucociliary epithelia, as well as of its alterations in the presence of toxicants.

Highlights
● The embryonic epidermis of Pelophylax lessonae reveals a good model for the study of mucociliary epithelia.
● The embryonic epidermis of Pelophylax lessonae is made of two layers and five cell types.
● In the basal layer, there are basal cells, and in the apical layer, ciliated, goblet, and small secretory cells are found, as well 

as ionocytes.
● Goblet cells present secreting vesicles with sialosulphomucins. Small secretory cells show apical vacuoles with sialomu

cins only.

Keywords: Pelophylax lessonae, embryology, mucociliary epidermis, histochemistry, ultrastructure

Introduction

The skin of amphibians has been long regarded as 
a model to study the regulation of water and solute 
movements across membranes due to its relative 
permeability (Helmer & Whiteside 2005; Burggren 

& Warburton 2007; Quaranta et al. 2009). Besides, 
the life cycle of many species, with an aquatic larva 
evolving into a terrestrial adult through a complex 
metamorphosis, focused research on the deep 
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changes their skin undergoes (Duellmann & Trueb  
1986; Akat Çömden et al. 2023). Also, the embryo
nic development of the integument is studied by 
morphological and genetic approaches to under
stand the differentiation processes and their modu
lation (e.g., Billett & Gould 1971; Brändli 2004). 
Both the ciliogenesis and the secretion of embryonic 
epidermis are regarded as models in studies about 
the mucociliary epithelia, such as those covering the 
inner surfaces of the human upper respiratory sys
tem (although of different embryologic origin: e.g., 
Dubaissi & Papalopulu 2011; Walentek & Quigley  
2017; Sim et al. 2018). Being the direct interface 
with environment, the skin is one of the organs more 
susceptible to toxicants and to infection diseases 
(Quaranta et al. 2009; McCoy & Peralta 2018; 
Varga et al. 2019). Thus, it has become a model in 
ecotoxicological studies (e.g., Allran & Karasov  
2001; He et al. 2014; Johnson et al. 2017; Do 
Amaral et al. 2019).

Most studies were performed on the well-known 
amphibian models of the genus Xenopus (Fox & 
Hamilton 1971; Harland & Grainger 2011; El Mir 
et al. 2023), but data are also available on embryos 
and larvae of anurans from both the New and the 
Old World (e.g., Leeson & Threadgold 1961; Fox  
1974; Rosenberg & Warburg 1978; Robinson & 
Heintzelman 1987; Fenoglio et al. 2006; Delfino 
et al. 2007; Giachi et al. 2011; Chammas et al.  
2015). The cited papers underline that many cell 
types in the skin develop in a relatively short time 
and then degenerate or evolve into other cell types 
(Robinson & Heintzelman 1987). It is difficult to 
compare the results from different papers, since 
many authors did not uniform the cell nomenclature 
used by others, and few attempted a comparison 
through literature. In general, six main types of 
cells can be observed (Duellmann & Trueb 1986; 
Fox 1986; Giachi et al. 2011).

Basal cells are relatively undifferentiated cells 
forming the inner layer of epidermis. They are 
involved in proliferation and differentiation of the 
other cell types (Billett & Gould 1971; Nishikawa 
et al. 1990).

Goblet or mucous surface cells have an important 
physiological role in the production and storage of 
fluid and mucous materials (Akat Çömden et al.  
2023). Secretion products are stored in the cell as 
granules and then released in response to external 
stimuli.

Small secretory cells (SSCs) have many electron- 
dense granules apically and are hypothesized to pro
duce a mucous protective layer, which is likely 
moved away by the actions of the cilia of the ciliated 

cells (Hayes et al. 2007; Dubaissi et al. 2018), as 
well as serotonin, which functionally regulates ciliary 
beat frequency and speed of mucus transport 
(Walentek et al. 2014; Dubaissi et al. 2014).

Ciliated cells are among the most observed cells. 
They seem to develop towards the end of the 
embryonic development and disappear soon after 
hatching. They are widely distributed over the sur
face of early tailbud stages (Haslam et al. 2014). 
The cilia have a prominent role in removing micro
organisms or particles from mucus-covered surfaces 
(Akat Çömden et al. 2023).

Mitochondria-rich cells are probably involved in 
ion transport and osmoregulation; thus, they are 
named ionocytes or proton-secreting cells 
(Dubaissi & Papalopulu 2011; Quigley et al. 2011; 
Werner & Mitchell 2012). Anyway, their function is 
largely unknown.

Clear, Skein or Klugenzellen (Fröhlich et al. 1978; 
Fox 1988; Giachi et al. 2011) have a relatively clear 
cytoplasm with peripheral bundles of tonofilaments 
of larval keratin (the so-called figures of Eberth), with 
mechanical properties (Delfino et al. 2007).

With all the previous as reference, we performed 
a microscopical and ultrastructural analysis of the 
skin of the pool frog Pelophylax lessonae, 
a widespread European species in the Pelophylax kl. 
esculentus species-complex, which proved good mod
els in environmental and toxicological studies (e.g., 
Guex et al. 2001; Loumbourdis 2005; Fenoglio 
et al. 2006, 2009; Mastrodonato et al. 2009; 
Zhelev et al. 2013; Mentino et al. 2017; Şişman 
et al. 2021). Although a number of studies are avail
able about skin structure and development in adult 
and late larval stages (e.g., Guardabassi et al. 1975; 
Masoni & Garcia-Romeu 1979; Fenoglio et al.  
2009), little is known about the structure of the 
skin and the cell types in earlier stages. Thus, we 
performed a detailed morphological study with mul
tiple approaches to give a reference for further 
studies.

Material and methods

Material

Embryos of the pool frog, P. lessonae, were sampled 
from an artificial tank in the Botanical Garden of the 
University of Bari Aldo Moro, designed to repro
duce a Mediterranean pond with the vegetation typi
cal to Apulia. The systematics of European water 
frogs in the genus Pelophylax (previously included in 
the genus Rana) is made difficult by hybridogenetic 
events between species (Dufresnes et al. 2024) and 
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scarce morphological differentiation, so genetic ana
lyses are required to assign a population to a species 
and detect hybridization (Cuevas et al. 2022). The 
frog population in the tank descends from some 
individuals released by a laboratory technician from 
the former Department of Physiology of the 
University of Bari Aldo Moro (Signorile, pers. 
comm.). They were bought from a dealer from 
Arzano (Naples) who caught them around Castel 
Volturno (Caserta, Campania) (De Rosa, pers. 
comm.). Frogs from the same area were sold by 
the cited dealer to researchers in the former 
Department of Zoology of the University of Naples 
Federico II who analyzed their genetic composition 
and ascribed them to the “Southern Italian nonhy
brid” cluster (Paolucci et al. 1987), currently 
regarded as a subspecies of P. lessonae, named 
P. l. bergeri (Canestrelli & Nascetti 2008; 
Speybroeck et al. 2020).

Experimental design

Embryos at the Gosner’s developmental stage 11, 
i.e., earliest involution of blastopore dorsal lip 
(Gosner 1960), were randomly selected from three 
different clutches. The eggs were subsequently ran
domly divided into three Petri dishes with native 
water. Groups were kept in a thermostatic chamber 
at 18°C and light cycle of 12 h, corresponding about 
to the environmental conditions of the tank. After 
10 days, most embryos were at Gosner’s stage 21 
(corresponding to gill and adhesive gland develop
ment and transparent cornea: Gosner 1960). 
Normally developed embryos were selected under 
a stereomicroscope at 2X and subjected to the mor
phological analysis. Since the study involved amphi
bian embryos, it does not remit within the terms of 
the Decree Law No 26 of 4 March 2014 
(Implementation of the Directive 2010/63/EU on 
the protection of animals used for scientific pur
poses). Anyway, an opinion was asked to the 
Commission for Animal Welfare of the 
Department of Biology of the University of Bari 
Aldo Moro (in which the experiments took place) 
that expressed favourably (Commission for Animal 
Welfare of the Department of Biology of the 
University of Bari Aldo Moro, meeting minute 
28.09.2022)

Light microscopy

For light microscopy embryos were embedded in 
Technovit 8100 (Heraeus Kulzer, Hanau, Germany) 
(Mentino et al. 2014). Six individuals were fixed in a 2% 
paraformaldehyde solution in 0.1 M phosphate- 

buffered saline (PBS), pH 7.4 at 4°C for 3 h, then 
washed in PBS and incubated overnight in PBS with 
sucrose 6.8% at 4°C. After dehydration in an increasing 
graded series of acetone (50−100%) at 4°C, they were 
transferred in a solution with 15:1 pre-cooled infiltrating 
solution overnight. Subsequently, samples were infil
trated in a polymerisation solution and then embedded 
in forms on a cooling plate of ice at 4°C to promote 
polymerisation (e.g., Mastrodonato et al. 2017). 
Semithin sections of the dorsolateral region of the 
embryos, 3 µm thick, were cut with glass knives using 
a PowerTome Ultramicrotomes (Boeckeler 
Instruments Inc., Tucson, AZ). Sections were mounted 
on microscope slides, coated with polylysine, permea
bilized with 0.5% Trypsin in PBS, pH 7.5 for 30 min, at 
37°C, and treated with 0,3% TritonX in PBS, at 37°C. 
For the examination of the general morphology, the 
sections were stained with Toluidine blue or Mallory’s 
trichrome (e.g. Gristina et al. 2017).

Carbohydrates were characterised with Periodic- 
Acid Schiff (PAS), Alcian Blue pH 2.5 (AB 2.5), and 
Alcian Blue pH 1.0 (AB 1); each section was counter
stained with Carazzi’s hematoxylin. These stains detect 
the presence of general carbohydrates (PAS), acidic 
carboxylated and/or sulphated glycans (AB 2.5), and 
sulphated glycans (AB 1), respectively (e.g., 
Petraccioli et al. 2013). AB and PAS stain were com
bined to detect both acidic (stained blue-violet) and 
neutral (stained red) glycans according to Guglielmi 
et al. (2024). Otherwise specified, all the cited chemicals 
were from Merck-Sigma (Saint Louis, MO, USA).

Photos were captured using a light microscope 
Nikon Eclipse Ni equipped with DS-Fi3 micro
scope-camera (Nikon Instruments Ltd, Campi 
Bisenzio, Florence, Italy).

Electron microscopy (SEM, TEM)

For scanning electron microscopy (SEM), six 
embryos were fixed in 2.5% buffered glutaraldehyde 
(TAAB Laboratories, England, UK), at 4°C for 
4 h and then washed and incubated in PBS overnight. 
Samples were washed in distilled water and dehy
drated in an ethanol series (from 70% to 100%) for 
15 min at room temperature (RT) for each step. 
Critical point drying technique (Bray 2000) was per
formed before observation. Samples were glued onto 
aluminum stubs (Multilab type stub pin ½, Surrey, 
UK) using silver paste and coated with gold in 
a sputtering device (Edwards S150A Sputter 
Coater) and then observed at 15 kV with a Hitachi 
TM3000 scanning electron microscope (Hitachi 
Europe LLC, Ospiate di Bollate, Milan, Italy).
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For transmission electron microscopy (TEM), six 
embryos were fixed in 2.5% buffered glutaraldehyde 
(TAAB Laboratories, England, UK), at 4°C for 
4 h and then washed and incubated in PBS overnight. 
Specimens were post-fixed with 1% osmium tetroxide 
in PBS at 4°C for 2 h. After re-washing in the same 
buffer, specimens were dehydrated in a graded series 
of acetone and embedded in Epoxy Resin-Araldite 
(M) CY212 (TAAB Laboratories Equipment Ltd, 
Aldermaston, Berkshire, UK) (Tucci et al. 2016). 
Ultra-thin sections were mounted on Nickel grids 
and stained with uranyl acetate and lead citrate 
according to Scillitani et al. (2011).

Results

Light microscopy

The morphology of the embryos of P. lessonae at 
Gosner’s stage 21 was observed with Mallory’s tri
chrome. The dorsolateral region of the embryos was 
selected to analyse the epidermis (Figure 1). It 

consisted of two layers, a basal and an apical one 
(Figure 2(a,b)).

The basal layer presented basal cells (BC) char
acterized by flattened ends and a wider central 
region, in which the euchromatic nucleus was 
located (Figure 2(a,b)). Mitotic processes were 
occasionally observed (Figure 2(b), insert).

In the apical layer, four different cell types were 
observed: ciliated cells, goblet cells, small secre
tory cells and ionocytes. In all cell types, yolk 
plates and melanin granules were observed 
(Figure 2(a,b)).

Ciliated cells (CCs) presented several cilia on the 
apical surface, wrapped by mucous secretion and an 
euchromatic nucleus (Figure 2(a)). The whole cyto
plasm resulted in PAS positive (Figure 3(a)) and in 
the basal body region of the apical part, next to the 
surface, AB 2.5 positivity was observed (Figure 3 
C), whereas AB 1 stain resulted negative 
(Figure 3(f)), suggesting the presence of carboxy
lated, non-sulphated glycans.

Goblet cells (GCs) were the most abundant cell 
type and showed apical vesicles secreting mucus. 
With Toluidine Blue staining (Figure 2(a,b)), the 
nucleus appeared central and irregular in shape, 
while the mucus in the vesicles presented different 
levels of metachromasia, indicating different 
degrees of acidity. In some cells, it was possible 
to observe vesicles expelling mucous granules. In 
the cytoplasmatic portions among secreting vesi
cles, melanin granules were observed (Figure 2(a, 
b)). Mucus in the vesicles showed positivity to 
PAS stain (Figure 3(a,b)) and to AB 2.5 
(Figure 2(c,d)), whereas weakly AB 1 stain posi
tivity was observed (Figure 3(e,f)), suggesting the 
presence of predominantly carboxylated acidic gly
cans and some sulphated ones. Combined AB- 
PAS stain resulted in a purplish stain, confirming 
that all the vesicles secreted acidic glycans 
(Figure 3(g,h)).

Figure 1. Pelophylax lessonae. Section of embryo at Gosner’s stage 
21 to show the dorsal-lateral region of the epidermis investigated 
(rectangle). (br) cavity of fore-brain; (ep) epidermis; (gi) gill; (pe) 
pericardial cavity; (ph) pharynx; (pr) pigmented layer of retina; 
(re) nervous layer of retina; (ye) yolky endoderm. Mallory’s tri
chrome stain. Scale bar 200 µm.

Figure 2. Pelophylax lessonae. Sections of embryonic epidermis at Gosner’s stage 21. Two layers with five distinct cell types are seen: 
ciliated cells, with evident long cilia; goblet cells, with apical metachromatic vesicles (asterisk); small secretory cells, with superficial 
vacuoles (arrow); ionocytes, with apical microvilli (m); basal cells with euchromatic nucleus (n). Goblet and small secretory cells show 
dark granules (headarrow) among secreting vesicles and/or vacuoles. Insert: basal cell involved in mitotic process. 
Abbreviations: BC, basal cell; CC, ciliated cell; GC, goblet cell; SSC, small secretory cell; IN, ionocyte. (a, b): Toluidine Blue. Scale bars 
10 µm.
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Small secretory cells (SSCs) were cup-shaped and 
characterized by vacuoles on the surface. In respect 
to GCs, their apical surface presented a deeper con
cavity, and in the cytoplasm, lower metachromatic 
material was observed, indicating a less acidic secre
tion (Figure 2(a,b)). Similar to GCs, abundant mel
anin granules were observed among the vacuoles 
(Figure 2(a,b)). The mucous material in the 
vacuoles of SSCs resulted in PAS (Figure 3(a,b)) 

and AB 2.5 positive (Figure 3(d)), while AB 1 
stained faintly (Figure 3(e)). With AB-PAS, the 
vacuoles appeared purplish and sometimes comple
tely blue (Figure 3(h)), indicating in some the pre
sence of carboxylated acidic glycans, and in others, 
the prevailing presence of glycosaminoglycans 
(GAG), respectively.

In some cases, the vesicles of GCs and the 
vacuoles of SSCs appeared empty (Figure 3(e,f)).

Figure 3. Pelophylax lessonae. Sections of embryonic epidermis at Gosner’s stage 21. (a-b) section stain with PAS to detect carbohydrates; 
CCs and INs with PAS positive cytoplasm; GCs present apical positive vesicles (asterisk); SSCs have PAS positive vacuoles (headarrow). 
Periodic acid-Schiff (PAS). Scale bar 10 µm. (c-d) section stain with AB pH 2.5 to detect acidic glycans. CCs with AB positivity in the 
basal bodies region (arrow); GCs and SSCs show vesicles (asterisk) and vacuoles (headarrow), respectively. Alcian blue (AB) pH 2.5 – 
hematoxylin. Scale bar 10 µm. (e-f) section stain with AB pH 1.0 to detect acidic, sulphated glycans. GCs with vesicles weakly positive to 
AB 1 (asterisk). Alcian blue (AB) pH 1.0 – hematoxylin. Scale bars 10 µm. g-h) section stain with combined AB-PAS. The vesicles of GCs 
stain in purple (asterisk) indicating the presence of acidic glycans, and some vacuoles of SSCs stain in blue (headarrow), suggesting the 
prevailing of GAGs. Alcian blue pH 2.5-Periodic acid-Schiff. Scale bars 10 µm.  
Abbreviations: BC, basal cell; CC, ciliated cell; GC, goblet cell; SSC, small secretory cell; IN, ionocyte.
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Ionocytes (INs) had a particularly enlarged cellular 
shape in the lower portion, narrowing in the apical 
region, rich in microvilli (Figure 2(b)). Similar to the 
ciliated cells, the cytoplasm of ionocytes resulted PAS 
positive (Figure 3(b)). No positivity to the other 
stains was found for this cell type.

Electron microscopy (SEM; TEM)

The presence of the five cell types previously 
observed in light microscopy was confirmed by 
SEM and TEM.

SEM observations allowed to define the distribu
tion of the four cell types of the apical layer of the 
epithelium (Figure 4). CCs and GCs were scattered 
throughout the epithelium of the embryo. SSCs were 
localised predominantly in the dorsolateral and ven
tral epidermis and less frequently in the caudal epithe
lium, while INs were exclusively found in the 
dorsolateral and ventral region. SSCs were often asso
ciated with CCs and INs and their vacuoles differed 
from the vesicles of the GCs for their larger size. INs 
were smaller and showed a triangular apical surface, 
with numerous microvilli. Ciliated cells protruded 
from the surface of the epithelium and showed long 
cilia on the apical surface (Figure 4).

TEM observations allowed us to observe the 
details of both the basal and apical layer cells 
(Figures 5,6).

The basal cells (BCs) were prevailingly electron 
transparent, with rounded nuclei. Mitotic processes 
were sometimes observed (Figure 6(f)). No tonofi
brils were observed.

GCs showed a low electron-dense cytoplasm, apical 
vesicles, and a large and irregular-shaped central 
nucleus (Figure 5(a)). The vesicles were covered by 
membrane and contained a slightly electron dense 
secretion, with fine dispersed filaments. It was noted 
that the secretion was exocytosed via small vesicles 
(Figure 5(b)). Some vesicles showed a more compact 
granular secretion, others a granular secretion with 
a loser network, probably indicating the emptying of 
those vesicles (Figure 5(b)). Portions of cytoplasm were 
interdigitated among the secretory vesicles and formed 
short finger-like projections. Several mitochondria were 
observed under the apical vesicles (Figure 5(c)).

Small secreting cells showed an electron-dense 
cytoplasm, a central nucleus, and apical vacuoles 
containing a uniformly electron-dense material 
(Figure 5(d)). Vacuoles sometimes exhibited apical 
membrane disruption, probably as a consequence of 
exocytosis in the secretion process. The portions of 
membrane intercalated among the vacuoles pre
sented microvilli protruding from the apical surface. 
Below the surface, there were vesicles containing 
probable immature material (Figure 5(e)).

CCs were characterized by numerous cilia on the 
apical surface (Figure 6(a–c)) and a large nucleus in 

Figure 4. Pelophylax lessonae. Embryonic epidermis at Gosner’s stage 21. Apical surface view under SEM. In the dorso-lateral and ventral 
region of embryos four distinct cell types are observed: CCs characterized by the presence of long cilia, GCs with secretory vesicles 
releasing mucus, SSCs that show large apical vacuoles, INs with numerous microvilli. CCs, SSCs and INs are often clustered. 
Abbreviations: CC, ciliated cell; GC, goblet cell; SSC, small secretory cell; IN, ionocyte. Scale bar 10 µm.
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their basal portion. Several elongated small vesicles 
were observed in the sub-apical portion of the cell, 
exocitosing their secretion (Figure 6(b)). The secre
tion in these vesicles appeared highly electron- 
dense, with fine filaments that formed connecting 
bridges to the cytoplasm of the cell (Figure 6(c)).

Ionocytes appeared with high electron-dense cyto
plasm and apical microvilli. There was usually 
a vacuole inside the cell containing granular material 
(Figure 6(d)) and small vesicles containing reticular 
material, just below the apical surface (Figure 6(e)).

No Skein cells were observed.

Discussion

The amphibian embryonic epidermis represents 
a good model of differentiation, in which the zygote 
cytoplasm originates a limited number of cell types 
(e.g. Billett & Gould 1971). This is the case of 
P. lessonae that, at Gosner’s stage 21, presents an 
epidermis with only two layers and five cell types. 
Thus, we decided to focus on this stage, given that it 
occurs near hatching and literature data about the 
embryonic skin of the water frogs in the genus 
Pelophylax are scarce.

Figure 5. Pelophylax lessonae. Sections of embryonic epidermis at Gosner’s stage 21 under TEM. (a) GC with low electron-dense 
cytoplasm, irregular nucleus and mucus-secreting vesicles covered by membrane (asterisk). Scale bar 5 µm (b) detail of GC vesicles 
with continuous apical membrane, granular secretion and exocytotic vesicles on apical membrane (headarrow). Scale bar 2 µm (c) detail of 
the cytoplasm of the GC between the secretion vesicles (arrow) and of the mitochondria (m) located just below the vesicles. Scale bar 2 µm 
(d) SSC with central nucleus, electron-dense cytoplasm and apical vacuoles, with discontinuous membrane (arrow). Scale bar 5 µm (e) 
detail of vacuoles of SSCs with electron-dense content. Microvilli are present on the apical membrane among vacuoles (head arrow), as 
well as several melanin granules in the underlying cytoplasm. In the sub-apical portion immature vesicles are often present (asterisk). Scale 
bar 2 µm.  
Abbreviations: GC, goblet cell; SSC, small secretory cell.
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The only observed cells with mitotic activity were 
the basal cells (BCs) that are reported to keep on 
dividing during the larval life until metamorphosis 
(Nishikawa et al. 1990).

Ciliated cells (CCs) showed vesicles under their 
apical surface. In the upper human respiratory tract, 
similar cells with a ciliated surface and secretory 
granules were reported, probably indicating 
a transitional stage from ciliated to goblet cells 
(Patel et al. 2011). This has also been hypothesised 
for the multi-ciliated cells in Xenopus embryos, for 
which trans-differentiation into goblet cells can be 
an additional mechanism for the removal of such 
cells from the developing embryo (Nishikawa et al.  
1992; Tasca et al. 2021). Furthermore, the consis
tency of the material in the vesicles of ciliated cells of 
P. lessonae is similar to that observed in Xenopus 
laevis goblet cells at stage 17/23 (according to 
Nieuwkoop & Faber 1956), with a mass of fibrillar 
material appearing to be suspended within the vesi
cle by thin filaments (Billett & Gould 1971), 

supporting the theory of differentiation towards gob
let cells.

Goblet cells (GCs) in P. lessonae embryos appear 
similar to the pavement cells described in Pelobates 
cultripes and Phyllobates bicolor tadpoles, storing small 
dense granules and releasing larger ones (Delfino 
et al. 2007), as well as to the goblet cells described 
in Xenopus tropicalis in Nieuwkoop & Faber’s devel
opmental stage 30 (Dubaissi & Papalopulu 2011), 
with vesicles arrayed below the apical membrane 
and a granular content positive to the epidermal 
lectin, Xeel, also known as intelectin-2 (Nagata  
2005, Hayes et al. 2007). The mucus of the goblet 
cells is similar to that observed in the goblet cells of 
the swimming larvae of X. laevis by Nishikawa et al. 
(1992), consisting in dense rods with fine filaments. 
The cited authors detected the presence of chon
droitin 6-sulphate by immunoelectron microscopy. 
Having found AB 2.5 positivity in the secretion of 
the goblet cells of P. lessonae, we can preliminary 
assume that similar GAGs are present also in this 
species.

Figure 6. Pelophylax lessonae. Sections of embryonic epidermis at Gosner’s stage 21 under TEM. (a) CC with central nucleus and apical 
cilia (head arrow). Scale bar 10 µm; (b,c) detail of the apical portion of a CC in which apical cilia (head arrow) and sub-apical small 
vesicles (arrow) contain fine electron-dense secretion. Scale bar b 2 µm; scale bar c 1 µm; (d) IN characterized by apical microvilli (arrow) 
and highly electron dense cytoplasm. A vacuole with granular material is often present in the cell (asterisk). Scale bar 5 µm; (e) detail of 
apical portion of IN with evident apical microvilli (arrow) and sub-apical small vesicles, containing reticular material (head arrow). Scale 
bar 1 µm; (f) BC with mitotic figure (asterisk). Scale bar 5 µm.  
Abbreviations: BC, basal cell; CC, ciliated cell; IN, ionocyte.
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Small secretory cells (SSCs) were probably first 
described in X. laevis differentiated embryonic epi
dermis, as isolated cells with granules of varying 
density and unknown function (Billett & Gould  
1971), then described as cells with vesicles with 
a diameter larger than those of goblet cells (Hayes 
et al. 2007). Recent studies have named and 
described small secretory cells in X. tropicalis, having 
large vesicles at the apical membrane with dense 
glycosylated material (Dubaissi et al. 2014). Our 
glycohistochemical data indicate that in the vesicles 
of the SSCs of P. lessonae embryos there are acidic 
glycans, mainly carboxylated. Thus, they are prob
ably made by terminal sialic acid and GAGs.

Ionocytes (INs) in frog embryos are a scarcely 
known cell type. Dubaissi and Papalopulu (2011) 
described ionocytes in Xenopus embryos epithelium 
as cells that express proton pumps for cellular 
homeostatic regulation and demonstrated that their 
absence caused defects in ciliated cells, which 
resulted in fewer, shorter cilia and impaired ciliary 
beating. Functionally similar cells have been 
observed in teleost fish. In fact, the ionocytes of 
P. lessonae embryos are similar to those observed in 
the larvae of the chum salmon, Oncorhynchus keta, 
and of the Nile tilapia, Oreochromis niloticus (Wilson & 
Laurent 2002; Fridman 2020). Apparently, the 
vacuole with granular material and the small vesicles 
with reticular material observed with TEM in the 
ionocytes of P. lessonae embryo epidermis have 
never been described.

We were not able to observe the Skein cells, prob
ably because at this developmental stage they are not 
still differentiated and tonofilaments of larval keratin 
are not yet arranged in the bundles observed at later 
stages (e.g., Fenoglio et al. 2009).

Conclusions

The present work describes the structure of the epithe
lium of P. lessonae embryos, proposing it as a good 
experimental model to simulate and/or evaluate the 
morpho-cellular effects that stress conditions could 
cause on a mucociliary epithelium. Further histochem
ical investigations will be conducted for a more in-depth 
characterization of the mucous secretions. Combined 
optical and electronic microscopy techniques confirm 
a promising tool for environmental monitoring, as well 
as for toxicological studies. 
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