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ABSTRACT

The histological structure, as well as content and distribution of glycoproteins (GPs) in the digestive tract
mucosa, of the Atlantic bluefin tuna were studied. The digestive tract is short in accordance with their predatory
nature and consists of the oesophagus, stomach and intestine. The short oesophagus has deep longitudinal folds
and contains an abundance of secretory cells which synthesize a large quantity of neutral as well as sulphated
and silylated GPs. The stomach is an elongated sac-like structure with simple tubular glands surrounded by
connective tissue. The neck cells of gastric glands synthesize a mixture of neutral and acidic GPs. The intestine
is short with many intestinal villi. Many goblet cells are situated between superficial epithelial cells. The
intestinal goblet cells were shown to secrete both neutral and acidic GPs.
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Introduction

The fish digestive tract shows a marked diversity of both morphology and function.
This is in correlation with the different feeding habits as well as with the body shape
(RAY and MOITRA, 1982; BUDDINGTON et al., 1997). Presence of mucosubstances in the
digestive tract mucosa has been observed in most teleosts (DOMENEGHINI et al., 1998b;
DOMENEGHINI et al., 1999; DOMENEGHINI et al., 2002). The gut mucins lubricate and
protect the tunica mucosa against chemicals, parasites and acidity and form a diffusion

*Contact address:
Prof. Dr. Zvonimir Kozari¢, Department of Anatomy, Histology and Embriology, Faculty of Veterinary Medicine, University of
Zagreb, Heinzelova 55, 10000 Zagreb, Croatia. Phone: +385 1 2390 151; Fax: +385 1 2441 390; E-mail: kozaric@vef.hr

ISSN 0372-5480
Printed in Croatia

441



Z. Kozari¢ et al.: Histochemistry of complex glycoproteins in the digestive tract mucosa of Atlantic bluefin
tuna (Thunnus thynnus L.)

barrier for various ions (VEGETTI et al., 1999). MURRAY et al. (1994) suggest that mucins
in the posterior oesophagus of some fish may play a role in pregastric digestion. FIERTAK
and KILARSKI (2002) concluded that glycoconjugate composition of the Cyprinid digestive
tract depends on the species and on the intestinal region and that there is no correlation
between its composition and type of ingested food.

Bluefin tuna is an active predator that feeds mainly on fish, but cephalopods,
crustaceans and molluscs could also comprise their food (MOROVIC, 1961; KYRTATOS,
1982; SANZ BRAU, 1990).

The purpose of the present study is to describe histology and histochemical distribution
and quantity of GPs in the digestive tract of the Atlantic bluefin tuna, a commercially
important reared fish species.

Materials and methods

Ten adult Atlantic bluefin tuna (Thunnus thynnus L.) weighing 120-180 kg were
obtained from the Drvenik fish farm (Croatia). They were fed live fish. Samples of the
digestive tract (the oesophagus, stomach and middle part of the intestine) were taken
after dissection, fixed in buffered 10% formalin and embedded in paraffin. Dewaxed
sections (8 um) were stained with haematoxylin and eosin (HE) for general histological
purposes. Periodic acid-Shiff (PAS) (McMANUS, 1948) was used to demonstrate neutral
glycoconjugates. Alcian blue (AB) at pH 2.5 and 1.0 (LEV and SPICER, 1964) and
metachromasia with toluidine blue (TB) were used to demonstrate various kinds of acid
glycoconjugates (PEARSE, 1968).

Results

Oesophagus. The tunica mucosa shows deep longitudinal folds that extend across the
entire length of the oesophagus. Differentiation exists between major and minor folds. The
mucosa is lined with a type of stratified epithelium. Two basic cell types are present in the
epithelial layer: basal and superficial epithelial cells, as well as saccular mucous cells. The
most prominent and distinctive feature of the oesophagus epithelium is the presence of
numerous mucous cells. These cells occupy almost the entire thickness of the epithelium.
The epithelium rests on a thin but prominent basement membrane. The lamina propria
is composed of connective tissue containing mostly collagen fibres, numerous flattened
fibroblasts and other connective tissue cells. The histochemical methods employed
showed high PAS-positive, AB (pH 2.5)-positive as well as TB metachromatic GPs in
these cells. Furthermore, AB (pH 1.0)-positive content was observed only in mucous cells
at the base of the folds (Fig. 1, 2, and 3).
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Stomach. The tunica mucosa of the stomach exhibits characteristic longitudinal folds
of epithelium and underlying connective tissue. The tunica mucosa is lined with simple
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Fig. 1. Atlantic bluefin tun_a oesophagus is lined with stratified epithelium with many mucous
cells (arrow head). H&E; scale bar =200 um.

ot ]

Fig. 2. Atlantic bluefin tuna, oesophagus, intensive stained mucous cells of mucosa (arrow head).
PAS; scale bar =200 pm.
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Fig. 3. Atlantic bluefin tuna, oesophagus, AB (2.5), mucous cells show strong AB reaction (arrow
head). Scale bar =200 pm.

Fig. 4. Atlantic bluefin tuna, stomach gastric glands (GG). H&E; scale bar =200 um.
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Fig. 5. Atlantic bluefin tuna, stomach, PAS-positive GPs are present in apical cytoplasm of
epithelial cells as well as in neck cells (arrow head). PAS; scale bar = 100 pum.

Fig. 6. Atlantic bluefin tuna, stomach, AB (2.5), acid GPs are visible in apical cytoplasm of
epithelial cells as well as in neck cells (arrow head). Scale bar =200 pum.
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Fig. 8. Atlantic bluefin tuna, intestine, goblet cells contain neutral GPs. (arrow head). PAS;
scale bar =200 pm.
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Fig. 9. Atlantic bluefin tuna, intestine, AB (2.5), acid GPs in goblet cells (arrow head).
Scale bar =200 um.
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columnar epithelium without mucous cells. The lamina propria possesses straight tubular
glands consisting of single-type cells with fine granular cytoplasm. Gastric glands open
into the crypts of the mucosal folds by a short neck. The apical part of the epithelial lining
cells as well as the neck cells of the gastric glands show PAS and AB (pH 2.5) positive
GPs. There is no presence of any kind of GPs in gastric glands (Fig. 4, 5, and 6).

Intestine. The intestine is short and of uniform histological structure throughout its
entire length. The mucosa is folded into long and thin intestinal villi. Two basic types
of cells are present in this epithelial layer: absorptive or columnar cells, and goblet
cells. Typical goblet cells are the prominent component of the intestinal epithelium. The
goblet cells are sandwiched between the absorptive cells and stain intensively with all
histochemical methods employed (Fig. 7, 8, and 9).

Discussion

Mucous cells in fish oesophagus differentiate early during embryonic development
and their appearance corresponds to the opening of the mouth. Mucous cells are found
early in the developing oesophagus of Sparus aurata (DOMENEGHINI et al., 1998). Over
that period, the cells are PAS negative but stained with alcian blue, and contain acid GPs
only.
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The oesophagus mucosa of the Atlantic bluefin tuna is lined with epithelium with
numerous mucous cells. The mucous cells appear to have different secretions, stained
with PAS and AB at both pH values. Acid, non-sulphated GPs containing sialic acid are
stained metachromatically and appear red-purple. Periodic acid-Schiff and alcian blue
positive mucous cells of the fish oesophagus were described by SCOCCO et al. (1998);
DOMENEGHINI et al. (1999) and PARILLO et al. (2004). A large quantity of PAS-positive
substances in mucous cells of Atlantic bluefin tuna point to the presence of GPs with
oxidizable vicinal diols and/or glycogen. Acid mucosubstances stained with AB (2.5) and
TB-metachromatic suggest the presence of GPs with sialic acid and GPs with O- sulfate
esters. The sulphomucins present in the oesophagus would confer high viscosity to the
mucus, which aids in trapping small particles (TIBBETTS, 1997).

The stomach of the Atlantic bluefin tuna shows uniform histological features.
Superficial epithelial cells and simple tubular gastric glands in lamina propria form
the mucosa. Gastric glands are arranged as straight tubular glands surrounded by
connective tissue. A similar arrangement of gastric glands has been observed in other fish
(DOMENEGHINI et al., 1998). The epithelial cells, as well as neck cells of gastric glands,
show presence of neutral and acid GPs. The acid GPs are chiefly of the carboxylate
and sialylated type. Neutral GP-s identified in the apical portion of the epithelial lining
cells and in the gastric pits of the stomach of the Atlantic bluefin tuna could serve to
protect the underlying mucosa layer from the acid environment and proteolysis and may
also be involved in digestive activity, by easily absorbing digested substances, such as
disaccharides and short-chain fatty acids (GRAU et al., 1992). The mucosubstances facilitate
the movement of large-sized food particles as well as protecting the gastric mucosa from
mechanical injury. The presence of both neutral and acid mucosubstances were observed
in superficial gastric epithelium of the white sturgeon (DOMENEGHINI et al., 1999), and
developing larvae and adults of Sparus aurata (DOMENEGHINI et al., 1998).

The tubular gastric glands of bluefin tuna show the presence of only one type of
secretory cells, but no presence of any kind of GPs. Many authors agree that the gastric
glands of teleosts contain only one type of secretory cells (RAY and MOITRA, 1982;
GISBERT et al., 1999). ARELLANO et al. (2001) reported the presence of light and dark cells
in the gastric glands of Solea senegalensis. It is generally thought that fish gastric glands
synthesize both pepsinogen and acid (SMITH, 1989) and that neutral mucosubstances have
a buffering effect on high acidity of the stomach contents (SCOCCO et al., 1996).

The intestine of bluefin tuna shows a uniform histological structure throughout its
entire length. The intestinal mucosa consists of a single layer of columnar cells with many
mucous goblet cells. The intestinal goblet cells synthesize neutral and acidic GPs. The
acid GPs contain sialic acid and sulphated esters. A large amount of TB metachromatic
substances in goblet cells points to the presence of sialic acid-rich nonsulfated GPs.
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First goblet cells can be observed early during the differentiation of the fish intestinal
mucosa (GARCIA HERNANDEZ et al., 2001). Presence of mucous-producing goblet cells
in the intestinal mucosa has been reported in many fish studied earlier (NARASIMHAM
and PARVATHESWARAO, 1974; RAY and MOITRA, 1982; DOMENEGHINI et al., 1998;
NACHI et al., 1998; DOMENEGHINI et al., 1999; MORRISON and WRIGHT, 1999). The
mucous secreted by goblet cells in the intestine may have many functions. Acid GPs
have been shown to coincide with increased viscosity of mucus in the fish alimentary
tract (TIBBETTS, 1997) and lubricate the undigested materials for onward progression
into the rectum. NARASIMHAM and PARVATHESWARAO (1974) suggested a possible role
of intestinal mucins in osmoregulation. The studies of RIBELLES et al. (1995) have shown
that the quality of gut mucosubstances is directly related to environmental conditions,
which in turn may directly affect the function of the alimentary tract. The presence of
mucosubstances, especially those sulphated in the intestine, possibly regulates the transfer
of proteins or a fragment of them, as well as of ions and fluids (SIRE and VERNIER, 1992;
SEGNER et al., 1994; DOMENEGHINI et al., 1998). A possible role of mucosubstances in
intestinal absorption processes is supported by the findings of BOZIC et al. (2001) who
observed that starvation induces an increase in the number of intestinal goblet cells in
carp. PARILLO et al. (2004) hypothesize that the sulphated GP-s may be involved in the
processes of morphofunctional differentiation of the alimentary tract of Umbrina cirrosa
fry.

This investigation, as well as previous ones, demonstrates that the quality of gut
mucosubstances varies in different regions of the Atlantic bluefin tuna alimentary canal
and sustains functional harmony of the digestive tract.
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SAZETAK

Istrazena je histologija i histokemija slozenih mukopolisaharida sluznice probavnoga trakta tune (Thunnus
thynnus L.). Probavna cijev tune je relativno kratka $to je u skladu s njezinim nac¢inom prehrane i sastoji se
od jednjaka, zeluca i kratkoga crijeva. Jednjak je kratak s duboko naboranom sluznicom. U epitelu sluznice
nalaze se mnoge jednostani¢ne zlijezde sa sadrzajem koji pokazuje histokemijske znacajke neutralnih, sulfatnih
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i sijali¢nih mukopolisaharida. Zeludac je vreéasta struktura s mnogim tubuloznim Zlijezdama u lamini propriji.

Prisutnost neutralnih i kiselih mukopolisaharida opaza se samo u vratnom dijelu zlijezda. Crijevo je prekriveno

brojnim resicama s mnogim vréastim stanicama ispunjenim neutralnim i kiselim mukopolisaharidima.
Kljuéne rije€i: tuna, probavni trakt, histologija, mukopolisaharidi, histokemija
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