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Morphological characteristics of the digestive tract of
Schizodon knerii (Steindachner, 1875), (Characiformes: Anostomidae):
An anatomical, histological and histochemical study.
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ABSTRACT

The digestive tracts of 44 specimens of Schizodon knerii were studied using anatomical, histological
and histochemical techniques. The mouth has terminal position, the lip epithelium is squamous stratified
with mucous, claviform cells and taste buds, teeth have an incisive form and the tongue has a stratified
squamous epithelium with mucous cells and taste buds. The oropharynx cavity isformed by gill apparatus
and pharyngeal teeth. The oesophagus presented pleated mucosa, a stratified squamous epithelium with
mucous cell's, oesophageal glandsand taste buds. The stomach presented cardiac, fundic and pyloricregions,
simple prismatic epithelium with tubular glands, with nonein the pyloric region. Theintestine contains 11-
15 pyloric caeca, a simple prismatic epithelium with brush border, goblet cells and lymphocytes. Mucosal
cells, oesophageal glands and goblet cellsreacted positively to PAS, amylase + PAS, Ab pH 2.5 and Ab pH
0.5. Gastric prismatic cells reacted positively to PAS, amylase + PAS, but only those in the pyloric region
reacted positively to Ab pH 2.5 and Ab pH 0.5. The resultsimprove the understanding of the anatomy of S.
knerii feeding habits and the presence of mucosubstances in the epithelium, highlights the importance of
glycoproteins for passing food through the digestive tract.

K ey wor ds: Anostomidae, digestive tract, fish, morphology.

INTRODUCTION

Morphological studies of the digestive tract of fish
are considered effective tools for understanding the
mechanismsof ingestion, digestion and absorption of
food, and have recently been carried out for several
species (Xiong et a. 2011, Germano et a. 2013,

Correspondence to: José Enemir dos Santos
E-mail: enemir@pucminas.br

Loekka et al. 2013). The digestive system of fish show
distinctive morphological and functiona diversity
(Diaz et al. 2003), due to the high biodiversity in
teleost fish and the different positions they occupy in
the food chain (Santos et al. 2007).

In fish, the oral and oropharyngeal cavities
play important roles in selecting, seizing and
directing food to the oesophagus (Al-Hussaini
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1946, Rodrigueset a. 2006, Wilson and Castro 2011).
Anatomica and histological studiesenableustorelate
those cavitiesto the eating habits (Al-Hussaini 1946)
and thefood processing mechanisms (Rodrigueset al.
2006, Hanke et a. 2008). The oesophagus, stomach,
intestine and pyloric caeca are tubular organs that
enable food conveyance, storage, digestion and
absorption (Seixas-Filho et a. 2000, Albrecht et al.
2001, Rodrigues and Menin 2008, Wilson and Castro
2011). Histologically, those regions of the digestive
tract present differences among species. However,
they present awall consisting of four layers: mucosa,
submucosa, muscularis and serosa (Albrecht et al.
2001, Xiong et a. 2011, Wilson and Castro 2011).
Studies of those layers have indicated that the main
differences occur in the epithelium and are related
to the feeding habits (Albrecht et a. 2001), type of
food ingested (Germano et a. 2013), absorption and
production of mucosubstances (Albrecht et al. 2001,
Santos et al. 2007).

The Anostomidae family consists of 12 genera
and 138 species distributed throughout southern
Central America and South America (Garavello
and Britski 2003), and shows some variation in
food habits (Guisande et al. 2012).

Schizodon knerii, popularly known as “piau
branco”, is endemic to the S3o Francisco River
basin (Britski et al. 1986), and is important for
human feeding and professional fishing (Sato and
Barbieri 1982, Barbosa and Soares 2009). It has
herbivorous feeding habits (Alvim and Peret 2004)
and presents first sexual maturity with a standard
length of 14.5 cm for females and 12.3 cm for
males (Soares et a. 1996). However, there are no
studies on the morphology of its digestive tract.

This study analyzed and established the
morphol ogical characteristics of thedigestivetract
of S knerii using anatomical, light microscopy
and histochemical techniques, aiming to increase
the knowledge about its biology, since the species
is important for commercial fishing in the Trés
Marias region.
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MATERIALSAND METHODS

Forty-four adult specimens of S. knerii of both
sexes were collected in the S&o Francisco River
(18°02'11"S - 45°11'13" W), south-eastern Brazil,
between January and December 2012. Sampling
was conducted using gillnets with mesh sizeswith
a distance of 4 to 8 cm between opposite knots.
Thirty specimens (12 males and 18 females) were
fixed in 10% formalin for 12 hours and transferred
to 70% ethanol, and were then used for anatomical
study and statistical analysis. Fragments from
different regions of the digestive tract of ten
specimens were collected for histological study.
Four specimenswere prepared and deposited inthe
fish collection of the PUC Minas Science Museum
under number MCNI N.0124. The handling of the
specimens followed the guidelines of CONCEA's
standards of practice for euthanizing animals
(Brasil 2013), and fish collection was authorised
by the State Forest Institute of Minas Gerais
(license No. 183085-1561-2012).

ANATOMY

For each specimen, the standard length (SL; cm)
and body weight (g) were recorded. The digestive
tract was dissected, and the lengths (mm) of the oral
cavity, oesophagus, intestine (Cl; mm) and pyloric
caeca were measured and quantified. Subsequently,
the intestinal coefficient (CO) was calculated using
the equation: CO = CI/SL, according to Angelescu
and Gneri (1949). To check the adaptations of the
ora cavity inrelation to food capture and seizure, the
following were described: the shape of the lips and
tongue, the morphology of the pharyngeal teeth and
thetype of pharyngeal teeth apparatus. The structures
of the digestive tract: ora cavity, oesophagus and
pyloric caeca were measured using a digital caliper
(DIGIMESS - accuracy of 0.01 mm). For intestine
measurement, a tape measure (MACROLIFE) was
used to promote more accuracy when measuring
length and flexure. All structures were analyzed
using an Olympus SZ — 11 stereomicroscope.
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LIGHT MICROSCOPY

Fragments of thelips, tongue, oesophagus, stomach
(cardiac, fundic and pyloric), intestine (cranial,
middle and caudal) and pyloric caeca were fixed
in Bouin’s fluid for 6h and subsequently subjected
to histological techniques with haematoxylin-eosin
(HE) and Masson's trichrome (TG) stains. Some
sections were processed for carbohydrate and
protein analysis, following Pearse (1985): periodic
acid-Schiff (PAS) for carbohydrates with 1:2
glycol groups; glycogen, neutral glycoproteins and
sidomucin; salivary amylase (30 min at 37 °C) for
glycogen digestion, followed by PAS (amylase +
PAS), performing the counter test with rat intestine;
acian blue pH 2.5 (Ab pH 2.5) for carboxylated
and sulphated glycoconjugate acids including
sialomucines, acian blue pH 0.5 (Ab pH 0.5) to
sulphated glycoconjugates.

STATISTICAL ANALYSIS

In order to check for the occurrence of sexua
dimorphism for the specimens, standard length,
ora cavity length, oesophagus length and intestine
length, and pyloric caeca quantification were tested
for normality assumption by the Lilliefors test.
Data with normal distribution were subjected to
Student's T-test, non-normally distributed datawere
subjected to the Mann - Whitney nonparametric
test. All analyses were performed using BioStat 5.0
package (p < 0.05).

RESULTS

The male specimens presented a standard length
of 23.09 + 2.71 cm and body weight of 262.16
+ 94.11 g, the female measured 23.38 + 2.98
cm of standard length and 289.38 + 119.31 g of
standard body weight.

The digestive tract of S knerii consists of the
ora cavity, oropharynx, oesophagus, stomach,
pyloric caeca, intestines and anus (Fig. 1A). The
ora cavity was 29.30 + 2.48 mm in length and

presented terminal mouth, lips, teeth and tongue.
The lips are thin, and have a stratified squamous
epithelium, with taste buds as well as mucous
and claviform cells (Fig. 1E). The taste buds are
scattered at the apex of the epithelium and are
supported by the dermis. The mucous cells showed
a basal nucleus and mucus-filled cytoplasm, the
claviform cells showed a central nucleus and
acidophilic cytoplasm. The teeth are pleurodont
and the dental arch consists of 8 upper and 8
lower incisiform teeth (Fig. 1C). The tongue has
a rectangular shape with rounded apex and relates
caudally to the rostral end of the first hyoid arch (Fig.
1B). Histologically, it shows a stratified squamous
epithelium, with taste buds and mucous cells (Fig.
1F). The oropharynx cavity has a triangular shape
and is composed of a strainer gill and pharyngea
teeth apparatus. The gill apparatus consists of five
pairs of gill arches. The branchia arches I, II, Il
and 1V have ventral and dorsal segments, while the
branchia arch V contains only a ventral one. The
pharyngeal dental apparatusislocated in the caudal
portion of the oropharynx cavity and consists of a
ventral triangular plate and two dorsal ova dental
plates, both with unciform denticles (Fig. 1A, 1B).

The oesophagus, a tubular organ, measured
13.39 + 3.46 mmin length, presented alongitudinal
pleated mucosa and connects the oropharynx
cavity to the stomach (Fig. 1A). Histologicaly,
the oesophagus consists of the following layers:
mucosa, submucosa, muscularis and serosa (Fig.
1G). The epithelium is stratified squamous, with
epithelial cells interspersed by mucous cells,
branched tubuloacinar oesophageal glands and
taste buds only in the cranial region (Fig. 1H). The
submucosalayer consists of |oose connective tissue
with fat cellsand blood vessels. The muscular layer
iscomposed of skeletal muscletissuewith muscular
fibres arranged longitudinally on the inner sub-
layer, and in a circular shape on the outer one. The
serosa is the outermost layer and consists of dense
connective tissue and mesothelium.

An Acad Bras Cienc (2015) 87 (2)
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Fig. 1 - Structures of the digestive tract of S. knerii: (A). Oral cavity roof (1), oropharyngeal cavity (2), pharyngeal teeth apparatus
(arrow), white bar indicates the boundary between the oral and the oropharyngeal cavities, oesophagus (3), fundic (4), pyloric
caeca (5) pyloric flexure (6), cranial intestine (7), caudal flexure (8), midintestine (9), cranial flexure (10), caudal intestine (11),
anus (12) (bar = 1 cm). (B). Floor of the oral cavity (1) and oropharynx (2) showing: tongue (asterisk), branchial arches (I to V),
pharyngeal teeth apparatus (arrow) (bar = 1 cm). (C). View of the upper (U) and bottom (B) incisiformes rostral teeth (bar = 1
cm). (D). Side view of the stomach, showing the cardiac (1), fundic (2) and pyloric (3) regions (bar = 1 cm). (E). Longitudinal
section upper lip showing: taste buds (asterisk), mucosal cell (arrow), claviform cells (arrowheads), TG (bar = 100 pm). (F). Cross
section of the tongue showing: taste bud (asterisk), mucosa cell (arrow), HE (bar = 100 um). (G). Histological organization of
the oesophagus: Cross section showing mucosa (M), submucosa (SM), branched tubuloacinar oesophageal glands (G), internal
muscular layer (I), external muscular layer (E), serosa (S), HE (bar = 500 um). (H). Mucosalayer of the oesophagus showing: taste
bud (asterisk), mucosa cell (arrow), epithelial cells (arrowhead), HE (bar = 100 pum).

The cecal type stomach has a "U" shape,  muscularisand serosalayers(Fig. 2A, 2B, 2C). The
with three well-defined regions: cardiac, fundic epithelium is prismatic with cells showing an oval
and pyloric (Fig. 1D). Histologically, the three  nucleus and acidophilic cytoplasm. The gastric
regions of the stomach have mucosa, submucosa, glands are tubular, with oxynthic and peptic cells,

An Acad Bras Cienc (2015) 87 (2)
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supported on the lamina propria and were observed
in the cardiac and fundic regions (Fig. 2D, 2E).
The submucosa layer consists of blood vessels
and dense connective tissue rich in collagen fibres.
The muscular layer consists of two sub-layers. an
internal one, with smooth muscle fibres oriented in a
circular way, and an external one, with longitudinal
smooth muscle fibres, both interspersed with loose
connectivetissue. Thickening of the inner circular
muscular layer occurred in the pyloric region.
The serosa layer presented loose connective
tissue and mesothelium.

The intestine measured 302.1 + 47.15 mm
in length, with an intestinal coefficient of 1.30 +
0.17. The intestine consists of the pyloric flexure,
with 11-15 pyloric caeca, initial descending loop
(cranial intestine), caudal flexure, ascending loop
(mid-intestine), cranial flexure, descending terminal
loop (caudal intestine) and the anus (Fig. 1A). The
pyloric caeca exhibited a finger-like shape and
measured 24.5 = 9.1 mm in length. Under a light
microscope, the three regions of the intestine and
pyloric caecashowed similar structural organisation,
consisting of the mucosa, submucosa, muscularis
and serosa layers (Fig. 3A, 3C). The epithelium is
a simple prismatic, with brush border, prismatic
cells showing an elongated nucleus and acidophilic
cytoplasm, intermingled with goblet cells and
lymphocytes (Fig. 3B, 3D). The submucosa layer
presented dense connectivetissue and blood vessels,
which follow the folds of the mucosa. The muscular
layer consisted of smooth muscle tissue with fibres
circumferentialy oriented in the internal sub-layer,
and longitudinally on the external one, both showed
loose connective tissue. The serosa layer exhibited
loose connective tissue and mesothelium.

The mucous cells, oesophaged glands and
goblet cells reacted positively to PAS, amylase +
PAS, Ab pH 2.5 and Ab pH 0.5, indicating neutral
glycoproteins and acid glycoconjugate sulphates
and carboxylic (Table I). The prismatic cells of the
stomach reacted positively to both PAS and amylase

+ PAS, showing the presence of neutral glycoproteins
(Table 1), and only the prismatic cells of the pyloric
region reacted positively to Ab pH 2.5 and Ab pH
0.5, indicating the presence of carboxylated and
sulphated glycoconjugate acids (Table I).

The statistical analysis performed in this
study indicated that there was no significant
difference between the sexes regarding the
features analyzed. Therefore, S. knerii showed
no sexual dimorphism in the structures measured
in the digestive tract (P> 0.05).

DISCUSSION

Studies on the morphology of the digestive tract
of fish have been conducted by several authors,
from the classic works of Al-Hussaini (1949),
Angelescu and Gneri (1949) and Bértin (1958), to
the more recent ones which employed more refined
techniques such as histochemistry and electron
microscopy, for example those of Xiong et al.
(2011) and Lgkka et al. (2013).

According to Xiong et a. (2011), Rodrigues
and Menin (2005) there should be more researches
on the processes of nutrients digestion, such asthis
paper that makes it possible to describe relevant
information on the species, which is important
for human feeding and professional fishing (Sato
and Barbieri 1982, Barbosa and Soares 2009). It is
important to highlight that there are no studies on
this specie's digestive tract morphology nor studies
that analyze, in such extension, all organsinvolved
in ingestion, digestion and absorption. All of that
information is shown here and are essential and
applicable for the management of this species.

In Teleosts, the position of the mouth can be
correlated to feeding habits (Rodrigues et al. 2006).
The species under study is herbivorous (Alvim and
Peret 2004) and presented the mouth in a terminal
position, similar to other species of the same genus,
suchasSchizodon borellii and Schizodon altoparane
(Ferretti et al. 1996), but unlike Schizodon nasutus,
which has a sub-terminal mouth, despite being

An Acad Bras Cienc (2015) 87 (2)
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Fig. 2 - Histological organization of the three regions of the stomach: (A). Cardiac region and (B). Fundic region showing the mucosa
(M), gastric glands (G), submucosa (SM), internal muscular layer (I), external muscle layer (E), serosa (S), HE (bar = 500 pum).
(C). Pyloric region highlighting the mucosa (M), submucosa (SM), internal muscle layer (1), external musclelayer (E), serosa(S), HE
(bar = 500 um). (D). Detail of the cardiac region showing the mucosa (M), gastric glands (G) and oxynthic and peptic cells (arrow),
HE (bar = 200 pm). (E). Detail of the fundic region showing the mucosa (M), gastric glands (G), HE (bar = 200 pm).

herbivorous (Villares Junior et al. 2011). Possibly
those species have the same feeding habits, but the
position of the mouth might indicate that they feed
at different heights of the water column. Sampaio
and Goulart (2011), however, reported the need
for more studies analyzing the morphology of the
oral cavity, due to its influence on the diet of fish.
The lips of teleosts have biological importance as
they are the primary detectors for food capture and

An Acad Bras Cienc (2015) 87 (2)

have specialised chemoreception cells (Kapoor et
al. 1975). In S knerii, we identified taste buds on
the lip epithelium, similar to Prochilodus argenteus,
Prochilodus costatus, Leporinus reinhardti  and
Brycon orthotaenia (Menin 1988). In fact, fish are the
only vertebrates that have taste budsin the epithelium
of the head, the lips, the oral and oropharynx cavities
as well as in the oesophagus (Hansen et a. 2002,
Hanke et a. 2008, Xiong et a. 2011), making food
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Fig. 3 - Histological organization of the intestine and pyloric caeca: (A). Cross-section of the intestine showing the
mucosa (M), lamina propria (L), internal muscular layer (1), external muscular layer (E), serosa (S), HE (bar = 200
um). (B). Detail of the mucosa (M) showing goblet cell (arrowhead), lymphocyte (thick arrow), brush border (thin
arrow), HE (bar = 100 um). (C). Cross section of pyloric caeca showing mucosa layer (M), lamina propria (L),
internal muscular layer (I), external muscular layer (E), HE (bar = 200 um). (D). Mucosa layer of the pyloric caeca
showing goblet cell (arrowhead), lymphocyte (thick arrow), brush border (thin arrow), HE (bar = 100 pm).

identification quicker. Mucous cells are distributed
in the integument and in the digestive tract of
teleosts (Gona 1979, L eknes 2013) and the presence
of those cells in the lips of fish have been described
by Agrawa and Mittal (1992) and Xiong et al.
(2011) but the chemical importance of this content
is seldom discussed in the literature. In this study,
those cells reacted positively to PAS, amylase +
PAS, Ab pH 2.5 and Ab pH 0.5 techniques, thus

suggesting its action on epithelium humidification
and against pathogens. Incisiform teeth, suitable for
cutting food, were observed in S. knerii, consistent
with this species’ herbivorous eating habits (Alvim
and Peret 2004). In our study, S knerii presented a
rectangular tongue with arounded apex, as observed
in Leporinus reinhardti (Menin 1988). The species
Wallago attu and Catla catla presented tongues with
a stratified squamous epithelium with taste buds,

An Acad Bras Cienc (2015) 87 (2)
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TABLE
Histochemical characteristics of secretion present in digestivetract.

Lips Tongue

Mucouscells Mucouscells Mucouscells Prismaticcells Globet cells

Histochemistry

Periodic Acid Schiff (PAS) + +
Amylase + PAS + +
Alcian bluepH 2,5 + +
Alcian bluepH 0,5 + +

Oesophagus Stomach Intestine  Pyloric Caeca
Globet cells
cC F P
+ + + + + +
+ + + + + +
+ - - + + +
+ - - + + +

Stomach regions (C) cardiac, (F) fundic, (P) pyloric; (+) positive reaction, (-) negative reaction.

mucous and claviform cells (Kapoor 1957), whereas
in S knerii claviform cells were not detected. The
mucous cells of S knerii reacted positively to PAS,
amylase+PAS,AbpH 2.5and Ab pH 0.5, suggesting
that those mucosubstances facilitate the passage of
food in the digestive tract. The pharyngeal teeth are
important in the initial processing of food and direct
it to the oesophagus (Menin and Mimura 1991). The
features described for S. knerii in the present study
were smilar to what has been described for other
Anastomidae, such as Leporinus reinhardti (Menin
and Mimura 1991) and Leporinus macrocephalus
(Rodrigues et al. 2006).

The oesophagus of teleosts is described as
a tubular organ, usually short and elastic which
unites the oropharynx cavity to the stomach (Al-
Hussaini 1949, Bértin 1958, Wilson and Castro
2011). The pleated aspect along the mucosa in
S knerii indicated an adjustment to distend the
esophagus facilitating the intake of larger amounts
of food, and follows the patterns described for
Leporinus macrocephalus (Rodrigues et al. 2008)
and Seindachnerina notonota (Silva et a. 2005).
The stratified squamous epithelium described
for Leporinus friderici (Albrecht et a. 2001),
Prochilodus argenteus, Prochilodus costatus
(Menin et a. 2006) and Serrasalmus nattereri (Raji
and Norouzi 2010) wassimilar tothat observedin S

An Acad Bras Cienc (2015) 87 (2)

knerii, and may protect the mucosaagainst abrasion
and microorganism invasion. In the oesophageal
epithelium of teleosts there are taste buds as well
as epithelial, mucous, and claviform cells (Santos
et a. 2007, Xiong et al. 2011). In the present study,
only taste buds, epithelial and mucous cells were
observed. The mucous cells reacted positively
to PAS, amylase + PAS, Ab pH 2.5 and Ab pH
0.5, in agreement with the species studied by
Domeneghini et al. (1998) and Santos et a. (2007).
According to Albrecht et a. (2001), the species
Leporinus friderici and Leporinus taeniofasciatus,
which are omnivores, did not have taste buds in
the oesophageal epithelium, while S. knerii, which
is herbivorous (Alvim and Peret 2004), presented
taste buds only in the cranial region of oesophageal
epithelium, suggesting that the feeding habits are
not related to the taste buds of this region, and
their function would be associated to chemical
identification. Adipose tissue was observed in the
sub-mucosa layer of S. knerii, asin the anostomids
Leporinus friderici and Leporinus taeniofasciatus
(Albrecht et al. 2001). That tissue's function is
related to energy reserves, as reported by Danguy
et al. (1985). Still, in the present study, branched
tubuloacinar oesophageal glands were identified
in the sub-mucosa, which reacted positively to
PAS, amylase + PAS, Ab pH 2.5 and Ab pH 0.5,
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corroborating the claim of Vegas-Velez (1972) that
there are tubular glands and tubulosa acinar glands
in the oesophagus of teleosts, whose secretion
lubricates and protects the mucosa, thus facilitating
the passage of food. The oesophageal muscular
layer of S knerii showed striated muscle fibres as
in the anostomids Leporinus friderici, Leporinus
taeniofasciatus (Albrecht et a. 2001), indicating
that this type of muscle enables the contraction of
the organ to drive the food into the stomach.

In the present study, the stomach exhibited a
"U" shape, with defined cardiac, fundic and pyloric
regions, similar to the species Prochilodus lineatus
(Moraeset a. 1997). The prismatic epithelium of S
knerii was similar to that of the other anostomids,
such as Leporinus taeniofasciatus and Leporinus
friderici (Albrecht et a. 2001). The prismatic cells
of the stomach’s epithelium of S knerii reacted
positively to PAS, amylase + PAS, but only the
pyloric region ones reacted positively to Ab pH 2.5
andAbpH 0.5. Thepresenceof neutral glycoproteins
and acidic glycoconjugates in the stomach may be
related to mucosal protection against mechanical
and chemical damage, as reported by Petrinec et
a. (2005). The gastric glands are composed of
oxynthic and peptic cells, similar to the main and
parietal cellsin the stomach of mammals secreting
pepsinogen and hydrochloric acid (Santos et al.
2007, Wilson and Castro 2011). In S. knerii, gastric
glandswere observed only in the cardiac and fundic
regions, indicating greater demand for secretion for
food processing. The muscular layer of S knerii
stomach showed smooth muscle fibres and loose
connective tissue, which were also described by
Santos et a. (2007), suggesting that gastric motility
and thickening of the pyloric region enhance the
movements for passing food into the intestine.

Fish intestine is a tubular organ, varying in
length according to feeding habits (Angelescu
and Gneri 1949, Al-Hussaini 1949, Bértin 1958).
According to those authors,
have short intestines whereas herbivorous and

carnivorous fish

iliophagous fish have a long intestine. In S knerii,
which is herbivorous (Alvim and Peret 2004), the
intestine length was 302.1 = 47.15 mm and the
intestinal coefficient (CO) was 1.30 £ 0.17. This
value of CO was similar to that of the herbivorous
species Schizodon borellii (1.35) and Schizodon
altoparane (1.41) (Ferretti et a. 1996). However,
the species Leporinus taeniofasciatus and Leporinus
friderici, which are omnivorous, presented CO
values of 1.14 + 0.07 and 1.25 * 0.15, respectively,
close to the former species (Albrecht et a. 2001).
For those authors, the use of CO aoneis not enough
to determine the specialisation degree within agiven
diet, athough Kapaoor et a. (1975) reported that the
intestine length naturally responds to changes in the
nutritional conditions and the development stages.
The intestine's epithelium of S knerii is smple and
of a prismatic type with goblet cells, as observed in
Pseudoplatystoma fasciatum (Rodrigues et a. 2009)
and Glyptosternun maculatum (Xiong et a. 2011).
Goblet cells are common in the intestinal mucosa of
fish (Kapoor et al. 1975) and they have been reported
in recent studies as producing mucosubstances
(Xiong et al. 2011, Lgkkaet al. 2013). In the present
study, they reacted positively to PAS, amylase+ PAS,
AbpH 2.5and Ab pH 0.5, indicating the presence of
neutral glycoproteinsand carboxylated and sul phated
glycoconjugate Those
may be associated with the lubrication of the
intestine mucosa that facilitate the transport of food
macromolecules, as well astheir absorption. Pyloric
caeca are finger-like structures that connect to the
intestine immediately after the pyloric sphincter and
are only found in fish (Seixas Filho et al. 2000). This
structure, however, may be absent in Siluriformes,
as observed in Clarias batrachus (Raji and Norouzi
2010) and Glyptosternum maculatum (Xiong et
a. 2011). The number and length of pyloric caeca
vary among species and may be related to dietary
habits. Angelescu Gneri (1949) recorded about 3000
pyloric caecain Prochiloduslineatus, Seixas Filho et
a. (2000) observed 8-13 in Leporinus friderici and

acids. mucosubstances
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in that study 11-15 pyloric caeca were recorded,
measuring 24.5 £ 9.1 mm in length. Histologically,
the pyloric caeca of S. knerii presented mucosa
with simple prismatic epithelium, with goblet
cells interspersed with epithelial cells, similar to
the intestine’s epithelium, which has an absorptive
function, thus indicating that the pyloric caeca
of S knerii have the same function. The goblet
cells of the pyloric caeca reacted positively to
PAS, amylase + PAS, Ab pH 2.5 and Ab pH 0.5,
thus showing the presence of neutral and acid
sulphated glycoproteins, a result which was also
found in the pyloric caeca of Seindachnerina
notonota (Silva et al. 2005).

In summary, S knerii showed the following
morphological characteristics of the digestive
tract: incisiform teeth, a long intestine, an intestinal
coefficient value of 1.30 + 0.17, which are
compatible with the feeding habits of herbivorous
fish. The results also showed that the anatomical,
histological and histochemica structure, described
for the first time for the genus Schizodon, provide
information to better understand S. knerii’s digestive
tract morphology, and expands knowledge for future
studies. Moreover, the presence of mucosubstancesin
the epithelium lining throughout the tract highlights
the importance of those glycoproteins in the feeding
process of the species. This knowledge increases our
understanding of S knerii, which is important for
human feeding and for professional fishing.
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RESUMO

O trato digestério de 44 exemplares de Schizodon knerii
foi estudado utilizando técnicas anatdbmicas, histolégicas
e histoquimicas. Boca tem posicdo terminal, epitélio
labial ¢ estratificado pavimentoso com células mucosas,
claviformesebotdesgustativos, dentessdoincisiviformes,
lingua tem epitélio pavimentoso estratificado com células
mucosas e botdes gustativos. Cavidade bucofaringe
€ constituida pelos aparelhos branquial e dentario
faringeano. Esdfago mostrou mucosa pregueada,
epitélio pavimentoso estratificado, com células mucosas,
glandulas esofagicas e hotBes gustativos. Estbmago
apresentou as regides cardica, findica e pilorica, epitélio
simples prismético, com glandulas tubulosas e nenhuma
na pildrica. Intestino contém de 11 a 15 cecos piléricos,
epitélio ésimplesprismatico combordaem escova, células
cdiciformes e linfécitos. Céulas mucosas, glandulas
esofagicas e células caliciformes reagiram positivamente
a0 PAS, amilase + PAS, Ab pH 2.5 e Ab pH 0.5. Cdlulas
prisméticas gastrica foram positivas ao PAS, amilase +
PAS e apenas as daregido piloricaregiram positivamente
a0 Ab pH 25 e Ab pH 0.5. Os resultados fornecem
informacfes acerca do entendimento das estruturas
anatbmicas e celulares envolvidas na alimentacdo de
S knerii e a presenca de mucossubstancias no epitélio
evidencia a importancia dessas glicoproteinas durante a
passagem do alimento no trato digestério.

Palavras-chave: Anostomidae, trato digestério, peixe,
morfologia.
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