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Histological structures of esophagus and stomach tissue samples of Lacerta stellio have been studied, and 
glycosaminoglycan (GAG) distribution has been histochemically determined. Histologically, esophagus 
and stomach of L. stellio are composed of four layers: mucosa, submucosa, muscularis mucosae and 
serosa. Mucosa of esophagus is covered by simple columnar ciliated epithelium with many mucous 
secreting goblet cells and contains branched tubular glands.

Stomach of L. stellio is composed of fundus (oral and aboral) and pylorus regions. Mucosa is covered 
by columnar epithelium. Fundic glands are branched tubular glands while pyloric glands are usually 
simple tubular glands. In both regions of the stomach, glands are subdivided into three areas as base, neck 
and isthmus. Both in the esophagus and stomach, muscular layer is in the form of smooth muscle having 
inner circular and outer longitudinal layers.

According to the results obtained by Alcian Blue (pH 5.8)/Periodic Acid Schiff staining, stomach is 
similar to esophagus in that neutral mucins and hyaluronic acid (HA) are dominant in isthmus and neck 
regions of gland tissue of stomach. In the base of the stomach, only neutral mucins have been observed. 
HA has been observed to be dominant in all other regions of both stomach and esophagus, along with 
some but not much sulphated GAGs.
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INTRODUCTION

The digestive tract of reptiles shows a marked diversity in its morphology and func-
tion. Although the alimentary canal differs considerably among species, it shows 
some basic structural similarities. For a given species, the overall morphology is 
chiefly related to the nature of the food, feeding habits, body size, shape and sex [36]. 
There is some disagreement in the literature about the non-mammalian vertebrates 
oesophogogastric tract [41].

In non-mammalian vertebrates, esophagus epithelium differs among species 
depending on the diet. While single layered columnar epithelium with brush border 
has been reported for esophagus, stomach and intestine of different species, 
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Chalcalburnus tarichi has been reported to contain simple layered cuboidal epithe-
lium during its development [11, 25, 37, 44]. In fishes, lamina epithelialis differs 
among species. For example, in Umbrina cirrosa L., it is a stratified epithelium with 
many goblet cells composed of cuboidal cells in the base, columnar cells in the 
middle and squamous cells on the surface [27, 28]. In rainbow trout, anterior and 
middle sections of esophagus are covered by multi-layered cuboidal epithelium with 
many goblet cells. The lower section of esophagus is characterized with single lay-
ered columnar epithelium [9]. In water turtle, lamina epithelialis has a multi-layered, 
squamous epithelial structure containing a thick keratin layer in order to provide 
protection against any trauma caused by shell foods such as stone and silica rich coral 
[4]. It is composed of a single layered prismatic epithelium with kinocilium in lizard 
[18, 20], and multi-layered prismatic epithelium in snake [19]. In mammalian 
eosophagus covered with squamous epithelia [43]. 

The stomach is anatomically and histologically subdivided into two distinct 
regions: a fundic region that constitutes most of the stomach, and a small pyloric 
region in reptiles [1, 24, 32]. Histochemical studies have demonstrated that in verte-
brates there are differences between fundic and pyloric glands in the qualitative 
expresion of neutral, sulphated and carboxylated mucins [35] and in the lectin binding 
pattern in mucous neck cells [10, 12]. The mucous neck cells of the gasric glands 
appeared phylogenetically first in amphibians [38]. They have also been found in  
the stomach of reptiles and mammals, but not in fishes, birds [38] or in most sauri-
ans [13]. 

The main products of the exocrine cells in the oesophagogastric mucosa are 
mucins. The type of mucins produced along the alimentary tract varies with the 
region, cell type, developmental stage and species in relation to different functions, 
such as protection against gastric juice or lubrication during the passage of food [11, 
26, 38], barrier against penetration of bacteria and infective agents and, probably, to 
phylogenetic relationships [38].

Mucins are large, extracellular glycoproteins, which consist of highly glycosylated 
carbohydrates N-acetylglucosamine and N-acetylgalactosamine, fucose, galactose, 
and sialic acid (N-acetylneuraminic acid) and also contain traces mannose and sulfate 
[6]. Glycosaminoglycans (GAGs), also called acid mucopolysaccharides and con-
tains N-acetylgalactosamine (GalNAc) or N-acetylglucosamine (GlcNAc), are linear 
polymers and have various important biological roles such as cell proliferation, cell 
migration, differentiation, cell-matrix interaction, and tissue damage repair [29, 40].

No studies have been found that used Alcian blue staining technique by preparing 
five different MgCl2 concentrations to study histological structures of esophagus and 
stomach of L. stellio (starred agama) and to determine GAG distribution. Thus, our 
aim was to study histological structure of esophagus and stomach tissue samples of 
L. stellio and determine glycosaminoglycan (GAG) distribution in epithelial cell 
basal layer, connective tissue and tunica muscularis layers, and epithelial mucins 
types.
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MATERIALS AND METHODS

Ten (5 male, 5 female) L. stellio caught in Kalfaköy-Aydın/Turkey were brought to 
the laboratory alive, knocked out by ether anesthesia and esophagus (middle part) and 
stomach (fundic and pyloric parts) tissue samples were taken. Tissues were fixed in 
Saint Marie (SM) [42] fixative solution for 24 hours and embedded in paraffin after 
passed through alcohol and xylene series. Tissues were then sectioned at a thickness 
of 5 micron by a Rotary microtom (RM 2145). Sections were stained by hematoxylin-
eosin to determine the general structure, by Gomori trichome to determine the con-
nective tissue and by 0.1% Alcian Blue 8 GX prepared in five different concentrations 
(0.025, 0.06, 0.3, 0.65, 0.9 M MgCl2) buffered (pH 5.8) with sodium acetate  
(Table 1) to determine the GAGs distribution. Periodic Acid-Schiff (PAS) used to 
determine the neutral mucins. GAGs were identified by critical electrolyte concentra-
tions at which the polyanions changed from binding AB to MgCl++. In this method, 
at low molarities of MgCl++ (e.g. 0.06 M) both carboylated (i.e. hyaluronic acid) and 

Fig. 1. Histologic structure of oesophagus of L. stellio. L; Lumen, p; plica circulares, m; mucosa, E; 
simple columnar epithelium, ��; cilia, x; mucus cell, g; branched tubular glands, lp; lamina propria, *; 
muscularis mucosa, ●; submucosa, ◘; circular muscle layer, ▪; longitudinal muscle layer, �; serosa. A; 

Hematoxylin-eosin, ×10 – B; Gomori trichrome, ×20. C; PAS, ×40, D; Gomori trichrome ×100
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sulfated acid mucins (i.e. chondroitin sulfate, dermatan sulfate, heparan sulfate and 
keratan sulfate) were stained, whereas at higher molarities (e.g. 0.3, 0.65, 0.9 M) only 
sulfated acid mucins were stained (Table 1) [16, 33]. Although it does not show the 
total amount of GAGs, the change in dying gives an opinion about the type of GAGs. 
Results obtained were evaluated by comparisons with the results of the histochemical 
reactions obtained in various sources [5].

RESULTS

Esophagus

L. stellio esophagus is composed of four layers: tunica mucosa (lamina epithelialis, 
lamina propria, muscularis mucosae), tunica submucosa, tunica muscularis and 
serosa (Fig. 1A, B). Mucosa is covered by simple columnar ciliated epithelium with 
many mucus secreting goblet cells and contains branched tubular glands (Fig. 1C, D). 
Muscle fibers in muscularis mucosa are arranged circular in the inner part and longi-
tudinal in the outer part (Fig. 1A, B). Tunica muscularis of esophagus is in the form 
of smooth muscle having inner circular and outer longitudinal layers. Serosa layer is 
composed of a thin loose connective tissue (Fig. 1B).

Based on the results of AB (pH 5.8)/PAS, it was found that glycoproteins were 
dominant in mucus secreting goblet cells (Table 2, Fig. 2), especially when 0.025 M 
and 0.06 M MgCl2 concentrations were compared, and the most dominant GAG type 
in mucus secreting goblet cells was hyaluronic acid, with a little chondroitin sulphate 
and dermatane sulphate and very very little heparine, heparan sulphate and keratan 
sulphate, when 0.06 M, 0.3 M, 0.65 M and 0.9 M MgCl2 concentrations were com-
pared (Table 2, Fig. 2). When epithelial basal layer, connective tissue and muscle 
layer of esophagus were compared, dominant GAG type, especially in muscle layer, 
was HA. It was noticed that Ch-S and DS, which are sulphated GAGs, were dominant 
in basal layer and connective tissue compared to muscle tissue and very little HP, HS 
and KS were present at all regions (Table 3, Fig. 2).

Table 1
Staining specificities of AB-PAS sequences at different electrolyte concentrations

Stain Interpretation of reaction Reference

AB pH 5.8 in 0.025 M MgCl2
AB pH 5.8 in 0.06 M MgCl2
AB pH 5.8 in 0.3 M MgCl2
AB pH 5.8 in 0.65 M MgCl2
AB pH 5.8 in 0.9 M MgCl2

Sulphated GPs, All acid mucins
All acid mucins
Weakly and strongly sulphated mucins
Heparin, Heparan Sulphate and Keratan Sulphate
Keratan Sulphate

5, 33

PAS GPs with oxidizable vicinal diols and/or glycogen 5, 45

AB – Alcian Blue; GPs – Glycoproteins; PAS – Periodic acid Schiff’s.
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Stomach

L. stellio stomach is anatomically composed of fundic (oral and aboral) and pyloric 
regions. Histologically, it has four layers (from inner to outer): mucosa, submucosa, 
muscularis and serosa (Fig. 3A–C). Mucosa is covered by simple columnar epitheli-
um with many mucous cells and the fundus contains branched tubular glands while 
the pyloric region usually contains simple tubular glands. Moreover, in both regions 
of the stomach, glands are subdivided into three areas as base, neck and isthmus. 
Submucosal layer which is in the form of loose connective tissue is separated from 
lamina propria by thin muscularis mucosae (Fig. 3A–C). Muscle fibers in muscular 
layer are arranged circularly in the inner part and longitudinaly in the outer part. 
Serosa layer is composed of loose connective tissue covered by squamous epithelium 
(Fig. 3A–C).

AB stainings were evaluated for glands (base, neck and isthmus), basal layer, sub-
mucosa (connective tissue) and tunica muscularis in two different regions of the 
stomach. When oral and aboral regions of the fundus and pylorus were compared in 

Table 2
GAG staining specifications in mucosal layers of oesophagus and stomach of L. stellio.

Reaction intensities indicated with increased plus signs

MgCl2 concentrations

Regions

0.025 
MgCl2

0.06  
MgCl2

0.3  
MgCl2

0.65  
MgCl2

0.9  
MgCl2

OESOPHAGUS Goblet cell +++++ +++ ++ + +

ST
O

M
A

C
H

Fu
nd

us
-O

ra
l Superficial cell +++++ +++++ +++ ++ +

Foveolar cell +++++ +++++ +++ ++ +

Mucous neck cell +++++ +++++ +++ + +

Fu
nd

us
-A

bo
ra

l

Superficial cell +++++ ++++ +++ + +

Foveolar cell +++++ ++++ +++ + ±

Mucous neck cell +++++ ++++ +++ + ±

Py
lo

r

Superficial cell +++++ ++++ +++ +++ ++

Foveolar cell +++++ ++++ +++ +++ ++

Mucous neck cell +++++ ++++ +++ + ±
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terms of AB/PAS stainings, it was observed that glycoproteins (sulfated and carboxy-
lated sialomucins), neutral mucins and GAG types were similar. It was also observed 
that neutral mucins and hyaluronic acid (HA) were dominant in the superficial cells, 
foveolar cells and mucous neck cells and, very little heparine (HP), heparin sulphate 
(HS) and keratan sulphate but mainly chondroitin sulphate (Ch-S) and dermatan sul-

Fig. 2. Histochemistry of the oesophagus of L. stellio. AB (pH 5.8). Two different concentrations of 
MgCl2 (0.025 M, 0.9 M MgCl2)/PAS

Fig. 3. Histologic structure of stomach (fundus; oral-aboral, pylor) of L. stellio. 1; Tunica mucosa (E; 
epithelium, Sg; secretory glands-branched tubuler glands, Lp; lamina propria, *; muscularis mucosae), 
2; tunica submucosa, 3; tunica muscularis, �: tunica serosa. A; Fundus (Oral)-Gomori trichrome, ×20, 

B; Fundus (Aboral)-Gomori trichrome, ×20, C; Pylor-Hematoxylin-eosin, ×20
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phate (DS) were also present. AB staining was not seen in the base region, which 
indicates that neutral mucins were dominant in this region and there were no GAGs. 
When sulphated GAG content of fundus oral and fundus aboral were compared with 
the pylorus, it was detected that Ch-S and DS were dominant in fundus and KS was 
dominant in superficial cells of pyloric glands (Table 2). When epithelial basal layer, 
connective tissue and muscle layer of fundus and pylorus were compared, it was 
noticed that the dominant GAG type was HA, especially in muscle layer. Ch-S and 
DS, which are sulphated GAGs, were found to be more dominant in epithelial basal 
layer and connective tissue compared to muscle tissue and, little HP, HS and KS were 
present in all regions (AB–Five different MgCl2 concentrations/PAS-images) (Table 
3, Fig. 4). 

When compared, stomach is similar to esophagus in that neutral mucins and HA 
(carboxylated mucin) were dominant in the isthmus and neck regions of gland tissue 
of stomach. In the base of the stomach, only neutral mucins were observed. GAG 
contents of all the other regions of both stomach and esophagus were similar.

Fig. 4. Histochemistry of the stomach of L. stellio. AB (pH 5.8). Two different concentrations of MgCl2 
(0.025 M, 0.9 M MgCl2)/PAS, ×100
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DISCUSSION

The oesophagogastric tract of L. stellio presents the general features of most non-
mammalian vertebrates. Microscopic examination of the esophagus and stomach 
mucosa of several investigated species of reptiles have showed a considerable varia-
tion in their histological structure [18–20, 38]. 

The reptile esophagus differs from the mammalian. Mammalian eosophagus is 
covered with squamous epithelia whereas reptilian epithelia contain ciliated columnar 
epithelium (squamousepithelia) and non-ciliated mucus cells. The mucosal lining of 
the esophagus is composed of ciliated columnar cells in the proximal (craniad) and 
mid-portions of the esophagus, although cilia were sparse to absent in the distal 
esophagus of American alligator (Alligator mississippiensis) [43]. In the mammalian 

Table 3
Staining gradation of GAGs in oesophagus and stomach of L. stellio according to AB sequences at

different critical electrolyte concentrations. Reaction intensities indicated with increased plus signs

MgCl2 concentrations
 

Regions

0.025 
MgCl2

0.06 
MgCl2

0.3 
MgCl2

0.65 
MgCl2

0.9 
MgCl2

O
ES

O
PH

A
G

U
S

Basal layer ++++ ++++ +++ ++ +

Connective tissue ++++ ++++ +++ ++ +

Tunica muscularis ++++ ++++ ++ + +

ST
O

M
A

C
H

Fu
nd

us
-O

ra
l Basal layer ++++ ++++ +++ ++ +

Connective tissue ++++ ++++ +++ ++ +

Tunica muscularis ++++ ++++ ++ + +

Fu
nd

us
-A

bo
ra

l

Basal layer ++++ ++++ +++ ++ +

Connective tissue ++++ ++++ +++ ++ +

Tunica muscularis ++++ ++++ ++ + +

Py
lo

r

Basal layer ++++ ++++ +++ ++ +

Connective tissue ++++ ++++ +++ ++ +

Tunica muscularis ++++ ++++ ++ + +
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esophagus the wall and muscle layers are thinner, with only two muscle layers repre-
sented (inner circular and outer longitudinal) and the proximal one-third to one-half 
is formed of skeletal muscle, while the crocodilian esophagus is composed entirely of 
smooth muscle. An entirely smooth muscled organ is reported to exist in the duck-
billed platypus, amphibians, birds and other reptiles [21]. However, more recent work 
has found striated muscle in the pharyngeal region of the esophagus in bullfrogs and 
African clawed frogs [46] and in the proximal esophagus of some birds [15]. In our 
study, it has been determined that esophagus and stomach of L. stellio are composed 
of t. mucosa, t. submucosa, t. muscularis and serosa layers histologically. Both in 
esophagus and in stomach, muscularis mucosa layer is in the form of smooth muscle 
having inner circular and outer longitudinal layers. 

Mucosal layer of esophagus of L. stellio is covered by simple columnar ciliated 
epithelium with many mucous secreting goblet cells and contains branched tubular 
glands. The mucous secreting cells stained strongly with PAS and AB in 0.06 and  
0.3 M MgCl++ and lower affinity with AB in 0.65 and 0.9 M MgCl++, suggesting that 
they secrete both neutral and acidic, especially carboxylated mucin. Biologically it is 
very important that HA forms up a barrier against penetration of bacteria and infec-
tive agents [30] along with providing lubrication and decreasing effects of impacts 
[14]. The mucous, especially acidic mucins, may be important for lubrication the 
mucosa and allowing the passage food particle, in addition to protect the mucosa from 
the sharp object. Both neutral and acidic mucins in covering epithelium of esophagus 
were detected in other reptiles [1, 23], crocodiles [43] and many birds [34].

Mucosal layer of stomach is covered by simple columnar epithelium with many 
mucous cells and the fundus region contains branched tubular glands while the pylo-
rus region usually contains simple tubular glands. Moreover, in both sections of the 
stomach, glands are subdivided into three areas as base, neck and isthmus. Muscularis 
mucosa separates lamina propria from submucosal layer characterized by loose con-
nective tissue. In the fundic part of the stomach, mucus was secreted by superficial, 
foveolar and mucous neck cells. The mucous secreting superficial and foveolar cells 
stained strongly with PAS and AB in 0.06 and 0.3 M MgCl++ and have a lower affin-
ity for AB in 0.65 and 0.9 M MgCl++, revealing that these cells secrete mostly neutral 
mucins, carboxylated and strongly sulphated mucins in addition to a small amount of 
weakly sulphated mucins. While, the mucus secreted by mucous neck cells contained 
both neutral and strongly sulphated acidic mucins as revealed by AB staining in five 
different MgCl++ concentrations. The mucous contents of pyloric glands is similar to 
the mucous contents of fundic glands. But, mucus secreted by superficial and foveolar 
cells in pyloric glands contained mostly all acid mucins as revealed by our histo-
chemical results. The possible functions of gastric mucus are probably to protect the 
epithelium from pathogenic organisms and against digestion enzymes, bicarbonate, 
hormones, hydrochloric acid, intrinsic factor and acids produced by the stomach 
itself. Mucus and bicarbonate protect the stomach from the irritation of gastric secre-
tion [2]. On the other hand, the production of sulphated mucin may be related to the 
fluid balance between external and internal enviroments as suggested by Smith [36]. 
Both neutral and acidic mucins in the stomach in L. stellio have been found in 
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amphibian (Rana ridibunda) [22, 31], and also in the snake (Elaphe climacophora), 
in turtle (Clemmys japonica) [38], and in European eel (Anguilla anguilla) [8].

Mucus is a thick secretion composed of water, electrolyte, proteins, GPs, lipids and 
GAGs. Although GPs in mucus structure have been extensively studied, little is 
known about GAG compounds of mucus. These molecules regulate, on one hand, 
stability of cells and fibrous components; on the other hand, water and salt balance of 
the body and mucus secretions and fluidity of synovial fluid as they are negatively 
charged [14]. Mucus protects the tunica mucosa from chemicals, bacteria, parasites 
and acids by forming a slippery surface through the digestive tract and forms a diffu-
sion barrier against different ions; moreover, it protects epithelium against mechani-
cal damages [7, 17, 39].

In vertebrate, mucins are similar in digestion system in terms of their macromo-
lecular properties and polymeric structures; however, they differ in intestine, esopha-
gus and stomach depending on whether they are neutral or acidic mucins (carboxy-
lated and sulphated mucins, sulphated sialomucins). These different carbohydrate 
structures may affect specific functions of mucus at different regions of digestion 
system [11]. Absorption and macromolecular transport [3] are among functions of 
mucus which is forming a physical barrier between mucosa and environmental fac-
tors [23].

We may say that epithelium has very important functions such as providing a 
selective permeability barrier between channel contents and body tissues, facilitating 
transport and digestion of food, being involved in the absorption of digested foods 
and generating hormones that affect the activity of the system. We believe that mucus 
secreted by mucous cells is important for the digestive system with respect to its func-
tions such as protecting the epithelium against damages and the organism against 
bacterial invasion along with lymphoid nodules in lamina propia and submucosal 
layer.
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