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The histological structure and histochemical characteristics of the digestive tract of five speci-
mens of salema porgy (Sarpa salpa, L.) were analysed using haematoxylin-eosin, Alcian blue/PAS 
and orcein-Giemsa staining techniques. The digestive system of salema porgy consists of esopha-
gus, stomach and intestines with associated organs such as liver, pancreas and gallbladder. The 
wall of esophagus, stomach, intestines and gallbladder has four distinctive layers: the mucosa, the 
submucosa, the muscular and outer layer, serosa or adventitia. The mucosa consists of two different 
layers: epithelium and lamina propria. Mucosa of the upper part of the digestive system is layered 
by single squamous epithelium, while those of lower part of the digestive system is layered by single 
columnar epithelium. The submucosa is a layer made of connective tissue and blood vessels. In most 
parts of the digestive system the muscular layer consists of two parts: circular and longitudinal. 
The exception is the muscular layer of the stomach fundus which has three layers: inner, medium 
and outer.  The outermost layer in the esophagus is adventitia made of connective tissue, blood 
vessels and nerves. In the stomach, intestines and the gallbladder this layer is replaced by serosa. 
Histochemical analysis has shown that mucosal cells in all parts of the digestive tube contain acid 
mucopolysaccharides (MPS). The liver consists of hepatocytes separated by sinusoidal capillaries. 
The pancreatic tissue is scattered along the liver parenchyma and along the wall of pyloric caeca. 
The present study is the first record on digestive system histology of salema porgy showing that it is 
congruent to its feeding habits.

Key words:  histoarchitecture; histochemistry; Sarpa salpa L.; digestive system

ISSN: 0001-5113
AADRAY

ACTA ADRIAT.,
62 (2): 149 - 158, 2021 ORIGINAL SCIENTIFIC PAPER



150  ACTA ADRIATICA, 62 (2): 149 - 158, 2021

INTRODUCTION

The salema porgy Sarpa salpa (Linnaeus, 
1758) belongs to the Sparidae family. It can be 
found in Eastern Atlantic, in the Mediterranean, 
the Black sea, and in the western part of the Indi-
an Ocean (SAHINYILMAZ & YIGIT, 2018; FROESE 
& PAULY, 2019). In the Adriatic Sea the salema 
porgy could be found along the coast from the 
shallows to depths of 70 m. It resides on rocky 
and sandy bottoms covered with algae.  Salema 
porgy has an age-related mixed diet: juveniles 
are plankton feeders while young and adults are 
herbivorous with diet ranging from full algal to 
mixed algal-seagrass-epiphytes to full seagrass 
consumption (HAVELANGE et al., 1997). Due to its 
algal and seaweed diet salema porgy was also 
reported as a fish causing ichthyoallyeinotox-
ism, a rare kind of food poisoning contracted 
following the ingestion of fish (DE HARO & 
POMMIER, 2006). NEOFITOU (2016) reported that 
in the Mediterranean salema aggregates around 
floating cage farms feeding on waste from fish 
farms of seabass and seabream as well. As in 
other vertebrates, in fish the digestive tract is 
made of alimentary canal, a hollow tube which 
is longitudinally divided into the esophagus, the 
stomach, the intestines and the rectum (TREER 
et al., 1995). Organs, such as tongue, teeth, liver, 
pancreas and gallbladder, are associated to the 
alimentary tube. Although the salivary glands 
are usually missing in the oral cavity of fish 
(TREER et al., 1995), mucosal epithelium of the 
alimentary tube in fishes as well as in other ver-
tebrates usually contains mucous cells with dif-
ferent histochemical features (FERRI et al., 2001). 
Content inside the mucous cells depends on 
different types of mucopolysaccharides (MPS) 
and it is usually in correlation with species, age, 
regions of the alimentary tract and feeding hab-
its of the fish (PARK & KIM 2001; SARASQUETE 
et al., 2001; CAO & WANG, 2009; DAS NEVES CAR-
DOSO et al., 2015). In most fish intestinal mucous 
cells contain acidic MPS (CATALDI et al., 1987; AL-
ABDULHADI, 2005; BOČINA et al., 2016). The qual-
ity and quantity of the mucus from the intestinal 
goblet cells could be correlated to environmental 
pollution as well (FERRANDO et al., 2006).  Histo-

logically, from the cranial end of the esophagus 
to the caudal end of the rectum the wall of the 
digestive tube consists of four distinctive lay-
ers: the mucosa, the submucosa, the muscularis 
externa and the serosa or adventitia (MESCHER, 
2013). The digestive system of fish usually shows 
a remarkable diversity of morphological and 
functional features, particularly in connection 
with special nutritional behavior, body shape 
and sex (KAPOOR et al., 1975; DÍAZ et al., 2008; 
DAS NEVES CARDOSO et al., 2015). Morphological 
studies could be of great help for understanding 
the relationship between physiological, bio-
chemical and molecular mechanisms (KALHORO 
et al., 2018). Even in aquaculture, anatomical and 
histological characteristic of the fish digestive 
system could help to elucidate the development 
of pathological conditions, to improve nutri-
tional formulations and thus promote the feed 
management (KALHORO et al., 2018). Although 
salema porgy has been a subject of research 
studies, especially those concerning its feed-
ing habits, adaptation and growth as well as its 
intestinal histochemical distribution of digestive 
enzymes (HAVELANGE et al., 1997; KOZARIĆ et al., 
2006, SAHINYILMAZ & YIGIT, 2018), the aspects of 
its histological features of the digestive system 
as a whole were lacking. Thus, the aim of this 
study was to elucidate the morphology of the 
digestive system and histochemical features of 
the mucins secreted by the epithelial mucous 
cells of the digestive tract of salema porgy.

MATERIALS AND METHODS

Five adult specimens of salema porgy were 
used as samples for this study. The samples were 
caught nearby the Island of Hvar, Croatia in 
February 2019. The average length of collected 
samples was 20.65 cm and average weight 
121.08 g. After collecting, parts of the digestive 
system (oesophagus, stomach, intestines, liver, 
pancreas and gallbladder) were fixed in 10% 
formalin. Tissue sections were then dehydrated 
in the ascending series of ethanol, cleared with 
xylene and embedded in paraffin. Six microm-
eters thick transversally cut tissue samples were 
mounted on glass slides. To present basic mor-
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phology of the digestive system, after deparaffi-
nization in xylene, tissue samples were stained 
with haematoxylin-eosin (H&E) (Hematoxylin 
M, BioGnost, Croatia; Eosin Y 1% aqueous, 
BioGnost, Croatia) staining (BOČINA et al., 2016; 
BOČINA et al., 2017). Alcian blue/PAS (AB/PAS) 
technique was used to observe histochemical 
composition of mucosal cells while Orcein-
Giemsa staining techniques was used to see 
whether there are some elastic fibers in the wall 
of salema porgy’s digestive system. The sections 
were observed using a light microscope Zeiss 
Axioskop.

Alcian blue/PAS staining

AB/ PAS staining was used in order to estab-
lish the histochemical nature of mucins secreted 
by the goblet cells in salema porgy’s digestive 
tube. The sections were deparaffinized first and 
then were brought to distilled water through 
downgraded ethanol series and oxidized in 1% 
aqueous periodic acid (Periodic Acid, VWR 
Chemicals, Belgium) solution for 15 minutes 
at room temperature. After washing in distilled 
water, the sections were immersed in Schiff’s 
reagent for 45 min and washed again in water. 
The sections were then immersed in 1% AB 
(Alcian Blue 8GX, ThermoFisher, Germany) 
in 3% acetic acid (pH 2.5) for 45 min. Then 
the slides were finally washed in running tap 
water, dehydrated through ascending series of 
ethanol, cleared in xylene and mounted in 
mounting medium for microscopy (Neo-Mount, 
Merck, Germany). The sections were dehydrat-
ed, cleared and mounted on glass slides (BEBIĆ 
et al., 2020). 

Orcein-Giemsa staining

Orcein-Giemsa staining (Orcein, Sigma 
Aldrich, Missouri, USA; Giemsa, T.T.T., Croa-
tia) was used to observe the presence of elastic 
fibers in the tissue samples. Deparaffinized 
tissue samples were stained with orcein for an 
hour. After rinsing in tap water for 15 minutes, 
samples were left in Giemsa solution overnight. 
Next day the tissue samples were stained with 

eosin for 2 minutes, dehydrated, cleared and 
mounted on glass slides (PAVELIN et al., 2018).

RESULTS

The oesophagus

The oesophagus in salema porgy is a straight 
tube of average length of 4.2 cm (Fig. 1A and 
1B). The oesophageal wall of the salema porgy 
Sarpa salpa L. consists of four layers: mucosa 
(tunica mucosa), submucosa (tunica submu-
cosa), muscular layer (tunica muscularis) and 
the outer layer (tunica adventitia). Mucosa 

Fig. 1. A) Anatomy of the digestive tract of the salema 
porgy Sarpa salpa, L.: a – oesophagus; b – stomach; 
c – intestines. B) Cross section through the oesopha-
gus: a – mucosa; b – submucosa; c – inner muscular 
layer; d – middle muscular layer; e – outer muscular 
layer; (arrow) - external layer, adventitia. H&E, 10x. 
C) Cross section through the muscular layer of the 
oesophagus: a – longitudinal fibers; b – circular fibers 
(cross striated); (arrow) - adventitia. H&E, 40x. D) 
Cross section through the stomach of salema porgy: 
a – mucosa; b – submucosa; c – inner muscular layer; 
d – middle muscular layer; e – outer muscular layer; 
(arrow) - external layer (serosa). H&E, 10x. E) Cross 
section through the stomach: a – mucosa; (arrows) – 
cells containing acid MPS. AB/PAS, 20x. Scale bar = 
1cm
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and submucosa form folds which enter deeply 
into the oesophageal lumen. The mucosa is 
lined with single layered squamous epithelium. 
Mucosal lamina propria consists of tightly 
packed tubular glands which do not show posi-
tive staining to AB/PAS method. Glandular cells 
are relatively round in shape with dark nuclei 
placed at the basal side of the cell and a light, 
distinctly granular cytoplasm which indicates 
the enzyme production of these cells (Fig. 1B). 
Submucosa protrudes deeply into the folds, it is 
made of dense connective tissue rich in blood 
vessels Muscular layer of oesophagus is made 
of three layers: inner and outer layer were made 
of longitudinal muscle fibers while the mid-
dle layer was made of circular muscle fibers. 
Muscle fibers are cross-striated pointing that the 
oesophageal muscular layer is made of skeletal 
muscle fibers (Fig. 1C). Outer layer is tunica 
adventitia formed of connective tissue contain-
ing blood vessels. No elastic fibers were found 
in the oesophageal wall.

The stomach

Fundus

The salema porgy’s stomach is placed 
between the oesophagus and intestines. It is a 
sac like organ of average length of 3.75 cm. The 
stomach fundic wall has four distinctive layers: 
the mucosa, the submucosa, the muscular layer 
and the outer layer in the form of serosa (Fig. 
1D). Fundic mucosa creates shallower folds 
but it is similar to those of oesophagus. The 
epithelium of the mucosa consists of the single 
layered squamous cells. Lamina propria also 
has the tubular glands similar to those of the 
oesophagus. The lamina propria of the oesopha-
gus is much thicker than those of the stomach. 
The submucosa is made out of relatively dense 
connective tissue with numerous blood vessels. 
Muscular layer of the stomach fundus is very 
developed. It consists of three layers: inner, mid-
dle and outer one. All three layers were made of 
smooth muscle cells. Using AB/PAS technique 
mucosa stains distinctly blue which indicates 
the presence of acid MPS in the cells of gastric 

Fig. 3. Specimen of European squid Loligo vulgaris caught on 19th April 2020 in Neretva River 
near town of Metković, approximately 20 km inland in Croatia. (Photo: Višnja Bukvić).

glands (Fig. 1E). Orcein staining did not show 
the presence of the elastic fibers in the connec-
tive tissue of the fundic wall. 

Pylorus

The wall of the pyloric region of the stomach 
consists of mucosa, submucosa, muscular layer 
and outer layer. Mucosa is lined with single lay-
ered columnar epithelium with microvilli (Fig. 
2A). Because of the large quantity of detritus 
in the stomach lumen the mucosal integrity is 
impaired. Goblet cells are spread between the 
columnar epithelial cells and they stain blue 
when treated with AB/PAS which indicates the 
presence of the acid MPS (Fig. 2B). Submu-

Fig. 2. A) Cross section through the pyloric region of the 
stomach: a – simple columnar epithelium with micro-
villi; b – lamina propria; c – submucosa; d – inner 
muscular layer; e – outer muscular layer; (arrow) 
– serosa. H&E, 40x. B) Goblet cells containing acid 
MPS in the pyloric mucosa (arrowheads). AB/PAS, 10x. 
C) Mucosal goblet cells in the pyloric caeca contain-
ing acid MPS (arrowheads). AB/PAS, 10x. D) Cross 
section trough the anterior intestines: a – mucosa; 
b – submucosa; c – inner muscular layer; d – outer 
muscular layer; (arrow) – serosa. H&E, 20x. E) Gob-
let cells in the mucosa of the anterior intestines: blue 
colour indicates acid MPS (arrowheads). AB/PAS, 40x. 
F) Cross section through the middle intestines. Goblet 
cells containing acid MPS (arrowheads). AB/PAS, 20x. 
Scale bar = 1cm
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cosa is similar to those in the stomach fundus. 
Muscular layer of the pyloric region consists of 
smooth muscle cells organized in two layers: 
inner circular and the outer longitudinal layer. 
Outer layer of pylorus is serosa made of single 
layered mesothelium. No elastic fibers were 
found using orcein staining technique in the con-
nective tissue of the pyloric region.

Pyloric caeca

In salema porgy there are four pyloric caeca 
in the pyloric region of the stomach. By its his-
tology the wall of the pyloric caeca is identical 
to those in the pylorus of the stomach. Mucosa 
is lined with single layered columnar epithelium 
with microvilli. Goblet cells are scattered among 
columnar cells. When treated with AB/PAS the 
goblet cells stained blue indicating the presence 
of the acid MPS (Fig. 2C). Orcein staining did 
not show the presence of any elastic fibers in the 
connective tissue of pyloric caeca.

The intestines

Since the salema porgy is herbivorous fish, 
its intestines are very long (average length of 
intestines in collected samples was 92 cm) 
therefore they were dissected into four parts: 
anterior, middle, posterior and the final part of 
the intestines (rectum). The wall of all the parts 
of the intestines consists of four layers: mucosa, 
submucosa, muscular layer and the serosa (Fig. 
2D). The mucosa is covered with the single 
layered columnar epithelium with microvilli. 
Numerous goblet cells containing acid MPS 
could be seen in the intestinal epithelium when 
treated with AB/PAS technique (Fig. 2E). Integ-
rity of the epithelium of the intestines was 
impaired because of the large quantity of detri-
tus. In the middle part of the intestines, mucosa 
forms shallow folds while in the posterior intes-
tines mucosal folds are higher which make the 
posterior intestines wall much thicker than in 
the upper parts of the intestines. AB/PAS stain-
ing in the middle intestines’ mucosa have shown 
positive reaction to acid MPS (Fig. 2F). In the 
posterior intestines positive reaction to AB/PAS 

staining can be noticed even in the region of 
microvilli (Fig. 3A). The lamina propria in the 
posterior intestines is a scarce layer of dense 
connective tissue which continues into the loose 
connective tissue of submucosa. The connective 
tissue of both mucosa and submucosa is rich 
with blood vessels. In the final part of the intes-
tines connective tissue of lamina propria which 
continues into the submucosa and contains 
numerous blood vessels. The mucosa of the final 
part of the intestines (rectum) has also shown 
positive reaction to acid MPS when treated with 
AB/PAS (Figure 3B). Submucosa of the anterior 
and middle intestines consists of loose connec-
tive tissue containing lots of blood vessels. The 
muscular layer in the whole intestines is made of 
two layers but in the anterior intestines the inner 
layer is longitudinal in arrangement, and outer is 
circular, while in the middle intestines the inner 
is oblique and the outer is longitudinal. In both 
posterior and final part of the intestines inner 
muscular layer is circular and the outer layer is 
longitudinal. In the final part of the intestines the 
two muscular layers are much wider than in the 
upper parts and the inner layer makes a strong 
sphincter. The outer layer of the intestines is 

Fig. 3. A) Cross section through posterior intestines. Note 
goblet cells with acid MPS (arrowheads). AB/PAS, 20x. 
B) Cross section through the final (part of the intes-
tines: goblet cells with acid MPS 8arrowheads). AB/
PAS, 40X. C) Cross section through liver parenchyma: 
a – central vein; b – sinusoid capillaries; c – hepato-
cytes; endocrine portion of pancreas (arrowheads). 
H&E, 20x. D) Cross section through the gallbladder: 
a- mucosa; b – submucosa; c – inner muscular layer; 
d – outer muscular layer; (arrow) – serosa. H&E, 40x. 
Scale bar = 1 cm
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formed by single layered squamous epithelium, 
mesothelium. Orcein staining did not show the 
positive reaction to elastic fibers in any part of 
the intestines. 

The liver and the pancreatic tissue

The liver of the salema porgy consists of 
three lobes. The liver parenchyma is made of 
tightly packed liver cells (hepatocytes). Lines 
of hepatocytes are divided by sinusoid capillar-
ies which infuse into the central vein (Fig. 3C). 
Pancreatic tissue is scattered across the liver 
parenchyma and it is formed of columnar cells 
with centrally positioned nuclei (Fig. 3C). The 
pancreatic cells are usually located around the 
blood vessels. Pancreatic tissue can be seen on 
the sections through the pyloric caeca too. In 
this region numerous pancreatic cells located 
around major blood vessels can be noticed 
along the wall of pyloric caeca. It seems that 
these pancreatic cells form endocrine portions 
of the pancreatic tissue since pancreatic cells in 
the liver parenchyma as well as in the region of 
pyloric caeca did not contain granules in their 
cytoplasm and they are usually located around 
blood vessels. AB/PAS staining did not show 
positive staining in the tissue of liver and pan-
creas.

The gallbladder

The wall of the salema porgy gallbladder is 
made of mucosa, submucosa, muscular layer and 
the outer layer (serosa). Mucosa is covered with 
single layered columnar epithelium. Connective 
tissue of lamina propria continues into the loose 
connective tissue of submucosa. Muscular layer 
is made of smooth muscle cells organized in 
two layers: inner circular, and outer longitudinal 
layer (Figure 3D). Both AB/PAS and orcein 
staining did not show positive reaction. 

DISCUSSION

The digestive system of vertebrates consists 
of the digestive tube and the associated organs 
such as pancreas, liver and gallbladder (STE-

VENS & HUME, 1995). The digestive tube usually 
consists of oesophagus, stomach and intestines 
although in some fishes such as Cyprinidae, 
Labridae and Gobiidae the stomach has evolu-
tionary disappeared (AL-HUSSAINI, 1949; BARTON, 
2006). In spite of this it seems that this loss does 
not influence the digestion, as the stomachless 
fish can be either herbivorous or carnivorous. 
The herbivorous fishes usually have relatively 
long guts, whereas in carnivorous fishes the 
guts are generally shorter than their body length 
(BUDDINGTON et al., 1997; HORN et al., 2006; GER-
MAN et al., 2010).

The oesophagus of teleost fish, as with most 
vertebrates, serves to transport food and it is 
usually lined with stratified squamous epithe-
lium with cells which secrete mucus (CATALDI 
et al., 1987; ABDULHADI, 2005; NAZLIĆ et al., 2014; 
BOČINA et al., 2016). The oesophagus of salema 
porgy, as shown in this study, is also layered 
with squamous epithelium but single layered. 
In common eel (Anguilla etallot) and fresh 
water stingray (Himantura etalloth) oesopha-
geal mucosa is lined with stratified columnar 
epithelium (CLARKE & WITCOMB, 1980; DOME-
NEGHINI et al., 2005; CHATCHAVALVANICH et al., 
2006). The oesophageal mucosa of salema porgy 
also contains tubular glands in the lamina pro-
pria. Submucosa is made of loose connective 
tissue rich with blood vessels. As with other fish 
the muscular layer consists of inner longitudinal 
and outer circular muscle layers which are made 
of striated muscular tissue (BOGUT et al., 2006). 

The stomach of vertebrates is a sack like mus-
cular organ which is separated from oesophagus 
and intestines by sphincters, and is characterized 
by specialized cells which produce hydrochlo-
ric acid and pepsin (STEVENS & HUME, 1995; 
SMITH et al., 2000). Histology of the fish stomach 
mucosa is usually simpler than the histology 
of the stomach mucosa of higher vertebrates 
(ARELLANO et al., 2001). According to BOGUT et 
al. (2006) the stomach wall of the fish consists of 
three layers: mucosa, muscular layer and serous 
layer. But according to present data on species 
Sparus aurata (CATALDI et al., 1987), Merluccius 
merluccius (BOČINA et al., 2016), Scorpena porcus 
(NAZLIĆ et al., 2014) as well as on salema porgy 
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(Sarpa salpa) stomach wall was found to be 
made of four layers: mucosa, submucosa, mus-
cular layer and serosa. The stomach wall of most 
fish species is lined by columnar epithelium 
with gastric glands which are mostly placed in 
the pyloric region of the stomach (CLARKE & 
WITCOMB, 1980; CATALDI et al., 1987; NAZLIĆ et al., 
2014; DAS NEVES CARDOSO et al., 2015; BOČINA 
et al., 2016; BEBIĆ et al., 2020). On the other hand, 
in salema porgy a stomach mucosa in the fun-
dic part is lined with single layered squamous 
epithelium similar to the one described in the 
oesophagus and the lamina propria of the stom-
ach consists of tubular glands with cells contain-
ing acid MPS. Pyloric part of the stomach in 
salema porgy is also lined with single layered 
columnar epithelium with microvilli and goblet 
cells containing acid MPS. 

At the beginning of the intestines there are 
four pyloric caeca which are histologically simi-
lar to the stomach pylorus. The fish intestines 
are usually divided into proximal and distal 
parts (ABDULHADI, 2005; CHATCHAVALVANICH 
et al., 2006; DAI et al., 2007; BEBIĆ et al., 2020). The 
intestines wall of the fish in general consists of 
three layers: mucosa, muscular layer and serous 
layer (BOGUT et al., 2006; NAZLIĆ et al., 2014; 
BOČINA et al., 2016). Since salema porgy is her-
bivorous fish its intestines are very long and can 
be divided anatomically into anterior, middle, 
posterior and the final part of the intestines. All 
along the length of the intestines four different 
layers could be distinguished: mucosa, submu-
cosa, muscular layer and serosa. The same was 
described in some other fishes (PAVELIN et al., 
2018; BOČINA et al., 2017; BEBIĆ et al., 2020). Intesti-
nal mucosa of salema porgy is lined with single 
layered columnar epithelium with microvilli and 
goblet cells with acid MPS previously described 
in some other fishes (ABDULHADI, 2005; KOZARIĆ 
et al., 2006; PAVELIN et al., 2018; BOČINA et al., 2016).  
The mucosa of the upper intestines in garfish 
Belone belone contains goblet cells with neutral 
MPS, whereas in the lower intestine goblet cells 
contain acid MPS (BOČINA et al., 2017). According 

to KOZARIĆ et al. (2006) different parts of salema 
porgy intestines play different parts in food 
digestion and absorption, so intestinal digestion 
and absorption of nutrients occur mainly in the 
anterior and middle parts of the intestines while 
the final part of the intestines plays a major role 
in protein digestion.

As in other vertebrates the liver of salema 
porgy consists of hepatocytes arranged in regu-
lar plates surrounding central vein and separated 
between each other by sinusoid capillaries. In 
fishes the pancreatic tissue is spread along 
intestine or pyloric caeca or across the liver tis-
sue (CATALDI et al., 1987; BOČINA et al., 2016). In 
salema porgy pancreatic tissue is spread across 
the liver parenchyma as well as along the wall of 
pyloric caeca. It seems that in salema porgy pan-
creatic tissue usually surrounds blood vessels 
representing probably the endocrine portions 
of pancreatic tissue which could also be found 
in some other fishes (BISHOP & ODENSE, 1966; 
CLARKE & WITCOMB, 1980; BEBIĆ et al., 2020).

In conclusion, the present study represents 
the first record on salema porgy’s Sarpa salpa 
digestive system histology and histochemistry. 
The data obtained by present study have shown 
that salema porgy has a long digestive tube 
which is common feature of all herbivorous 
fish.  As was expected, the histoarchitecture of 
digestive tube in salema porgy is similar to those 
of other herbivorous fish containing mucosal, 
submucosal, muscular and outer layer. Data 
obtained by histochemical analysis have shown 
that acid mucopolysaccharides were mostly 
present in the salema porgy’s digestive system.  
The histology and histochemical composition 
of the salema porgy’s digestive system seem to 
be as usual as in other herbivorous fishes and in 
accordance with its feeding habits. 
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SAŽETAK

Histološka struktura i histokemijske karakteristike probavnog sustava salpe (Sarpa salpa, L.) 
istraživane su korištenjem hematoksilin-eozin, alcian plavo / PAS i orcein-Giemsa tehnikama boje-
nja. Probavni sustav salpe sastoji se od jednjaka, želudca i crijeva s povezanim organima poput jetre, 
gušterače i žučnog mjehura. Zid jednjaka, želudca, crijeva i žučnog mjehura ima četiri karakteristič-
na sloja: sluznicu, submukozu, mišićni i vanjski sloj. Sluznica se sastoji od dva različita sloja: epitela 
i lamine proprije. Submukoza je sloj vezivnog tkiva s krvnim žilama. U većini dijelova probavnog 
sustava mišićni sloj sastoji se od dva sloja mišićnih vlakana: kružnih i uzdužnih. Izuzetak je mišićni 
sloj fundusa želudca koji ima tri sloja mišićnih vlakana: unutarnji, srednji i vanjski. Vanjski sloj 
jednjaka zove se adventitia i izrađen je od vezivnog tkiva, s krvnim žilama i živcima. U želudcu, cri-
jevima i žučnom mjehuru ovaj sloj zamjenjuje seroza. Histokemijska analiza pokazala je da stanice 
sluznice u svim dijelovima probavne cijevi sadrže kisele mukopolisaharide (MPS). Jetra se sastoji 
od hepatocita razdvojenih sinusoidnim kapilarama. Tkivo gušterače raspršeno je duž jetrenog pare-
nhima i duž zida piloričkih nastavaka. Ovo istraživanje je prvi zapis o histologiji probavnog sustava 
salpe koji pokazuje da je ona u skladu s prehrambenim navikama ispitivane ribe.

Ključne riječi: histoarhitektura; histokemija; Sarpa salpa L.; probavni sustav


