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Abstract: The Neotropical catfish Corydoras paleatus is a facultative air-breather and the caudal half of the
intestine is involved in gas exchange. In South America, air-breathing fishes are found in tropical or sub-tropical
freshwaters where the probability of hypoxia is high. The aim of this study was to characterize by traditional
histochemical and lectinhistochemical methods the pattern of carbohydrate in the intestinal mucosa. Intestine
samples were taken from 25 healthy adult specimens collected in Buenos Aires (Argentina). Samples were fixed
by immersion in 10 % buffered formalin and routinely processed and embedded in paraffin wax. Subsequently,
these sections were incubated in the biotinylated lectins battery. Labeled Streptavidin-Biotin (LSAB) system was
used for detection, diaminobenzidine as chromogen and haematoxylin as a contrast. To locate and distinguish
glycoconjugates (GCs) of the globet cells, we used the following histochemical methods: PAS; PAS*S; KOH/
PA*S; PA/Bh/KOH/PAS; KOH/PA*/Bh/PAS; Alcian Blue and Toluidine Blue at different pHs. Microscopically,
the general structure of vertebrate intestine was observed and showed all the cell types characteristic of the
intestinal epithelium. The cranial sector of catfish intestine is a site of digestion and absorption and its structure
is similar to other fish groups. In contrast, enterocytes of the caudal portion are low cuboidal cells; and between
these, globet cells and capillaries are observed, these latter may reach the mucosal lumen. Underlying the epi-
thelium, observed a well-developed lamina propria-submucosa made of connective tissue; this layer was highly
vascularized and did not exhibit glands. According to histochemistry, the diverse GCs elaborated and secreted
in the intestine are associated with specific functions in relation to their physiological significance, with special
reference to their role in lubrication, buffering effect and prevention of proteolytic damage to the epithelium
together with other biological processes, such as osmoregulation and ion exchange. The lectinhistochemical
analysis of the intestinal mucosa reveals the presence of terminal residues of glucose, mannose and galactose.
In conclusion, this study has shown that GCs synthesized in the intestine of C. paleatus exhibit a high level of
histochemical complexity and that the lectin binding pattern of the intestinal mucosa is characteristic of each
species and the variations are related with the multiple functions performed by the mucus in the digestive tract.
The information generated here may be a relevant biological tool for comparing and analyzing the possible
glycosidic changes in the intestinal mucus under different conditions, such as changes in diet or different patho-
logical stages. Rev. Biol. Trop. 64 (1): 343-356. Epub 2016 March 01.
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Teleosts have developed a great variety
of mechanisms to inhabit all existing aquatic
environments and feed both on animals and
plants (Wilson & Castro, 2011). Despite the
differences among species resulting from these

ecological variations, the general morphologi-
cal pattern of teleost’s intestine corresponds
with that of other vertebrates, which is divided
into regions that cannot always be distin-
guished macroscopically (Cao & Wang, 2009;

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 64 (1): 343-356, March 2016 343



Leknes, 2009; Cao, Wang, & Song, 2011).
Microscopically, in the great majority of fish
species, intestinal wall is described by three
(Cinar & Senol, 2006) or four tunics (Olaya et
al., 2007; Wilson & Castro, 2011; Xiong et al.,
2011), depending on whether the tunica sub-
mucosa is considered together with the tunica
mucosa or not.

Mucus, the product of the hydratation
of mucins, is a common feature in the tunica
mucosa of vertebrates; it is secreted by the
goblet cells or mucous cells (MC) (Yashpal,
Kumari, Mittal, & Mittal, 2007; Diaz, Garcia,
Figueroa, & Goldemberg, 2008a; Diaz, Garcia
& Goldemberg, 2008b; Tano de la Hoz, Flami-
ni, & Diaz, 2012). These cells secrete a variety
of mucins that contribute to the generation
of a gelatinous layer, to protect and lubricate
the intestinal surface to facilitate the transport
of food and reduce the epithelial mechanical
stress. Recent studies of molecular biology
indicate that MC also participates in signaling
pathways leading to a coordinated response for
proliferation, differentiation, apoptosis and cell
adhesion (Pérez-Sanchez et al., 2013). Several
authors have studied the mucins distribution
and their role in the process of digestion, in
the local immune responses and antimicrobial
action for defense against a wide range of inju-
ries (Carraway, Ramsauer, Haq, & Carraway,
2003; Sasaki, Ikeda, & Nakanuma, 2007). The
identification of the different types of GCs
present in tissue sections can be made using
conventional histochemical techniques (Diaz
et al., 2008b).

Air-breathing fishes are commonly found
in tropical or sub-tropical fresh waters that are
ambient ion-poor and prone to hypoxia and
hypercarbia (Shartau & Brauner, 2014). The
Neotropical catfish Corydoras paleatus Jenyns
1842 is a facultative air-breather and the caudal
half of the intestine is involved in gas exchange
(Podkowa & Goiakowska-Witalinska, 2002).
To date, despite the commercial importance
of this species like ornamental fish, there
have been few studies on the digestive tract
of C. paleatus.

The aim of this study was to character-
ize the carbohydrate pattern composition of
mucins secreted by cells of the tunica mucosa
in different regions of the intestine of C. palea-
tus. Furthermore, lectinhistochemical (LHC)
technique is used to locate, identify and dif-
ferentiate variations in the saccharide residues
present in the glycoconjugates (GCs) with the
aim to discriminate different cell populations
(Barbeito, Ortega, Matiller, Gimeno, & Sal-
vetti, 2013).

MATERIALS AND METHODS

Animals: Twenty-five healthy adult speci-
mens (15 females and 10 males) of C. paleatus
(LS: 62.22 + 1.84 mm for females and 51.70
+ 1.54 mm for males) were used. The field
work was carried out in streams situated in La
Plata, Buenos Aires, Argentina. The handling,
collection and slaughter process of all individu-
als followed the guidelines of the American
Fisheries Society (A.F.S., 2004). Fish were
transported alive in plastic bags, and were kept
in an aquarium at 22° C and pH 7.0 (Gémez,
1996) for a minimum of three weeks, they were
fed at sunset with food for bottom fish (Tetra
min tropical tablet, Germany). The animals
were slaughtered by an anesthesia overdose
using a Eugenol (30 mg/L) (Garcia-Gomez, de
la Gandara, & Raja, 2002).

Sampling: The necropsies were carried
out immediately after sacrifice, the digestive
tract was rapidly removed and samples were
fixed by immersing in 10 % buffered formalin
before the dehydration in an ethanol series and
xylene, and posteriorly embedded in paraffin.
Samples of intestine were longitudinally divid-
ed into three parts (cranial, middle and caudal
portions) considering the shape, transparency,
thickness of the wall and the width of the lumen
in transverse sections. The cranial portion or
intestine 1 (I1) has a typical tubular form and
its wall is opaque; the middle area, which was
subdivided into two portions, intestine 2 (I12)
and intestine 3 (I3), has a broader lumen and its
wall became thinner and more translucent than
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I1; in the caudal portion or intestine 4 (I14), the
lumen diameter kept increasing and the wall
was even thinner. Histological sections were
cut using a sledge microtome, prepared accord-
ing to standard protocol, and then stained using
routine techniques haematoxylin and eosin
(H-E) and Masson trichrome staining for mor-
phology (Martoja & Martoja, 1970).

Traditional histochemistry: Sections of
tissue were also subjected to histochemical
procedures for GCs identification, as detailed
in Table 1. The combined technique AB pH 2.5/
PAS allowed the identification of three groups
of goblet cells. With regard to this, was calcu-
lated the percentage of goblet cells for each
group in the different intestinal portions using
the following formula:

% of globet cells=
cells number of each group/total number of cells counted.

Lectinhistochemistry: Labeling with bio-
tinylated lectins was used to identify specific
sugar residues of GCs (Diaz et al., 2008b).
Fifty different specific lectins, purchased at
Vector Laboratories, Inc. (Burlingame, CA,
USA) were employed (Table 2). Paraffin sec-
tions were deparaffinised with xylene and

decreasing ethanol series, and incubated in
0.03 % H,0, in methanol for 30 min at room
temperature, to inhibit the endogenous per-
oxidase. Sections then were treated with 0.1
% bovine serum albumin in PBS for 30 min
and incubated with fifteen Biotinylated lectins
for 2 h at room temperature. After that, sec-
tions were washed separately and subsequently
treated with an avidin-biotin-peroxidase com-
plex (ABC kit, Vectastain Elite PK 6 200).
Diaminobenzidine (DAB) 0.02 % (Biogenex,
San Ramoén, CA) was used with chromo-
gen. Slides were counterstained with Mayer’s
haematoxylin. Staining intensity was graded
according to a semiquantitative range (-) nega-
tive reaction, (1) weak reaction, (2) moderate
reaction, (3) strong reaction. Controls for lectin
staining included exposure of the specimens
to substrates without lectin and incubation of
samples using lectins pre-incubated with the
corresponding sugar inhibitors.

Micrographs were taken with an Olympus
microscope, CX 31 equipped with an Olympus
camera U-CMAD?3 (Tokyo, Japan).

RESULTS

Digestive tract of C. paleatus had a short
oesophagus and a J-shaped stomach localized

TABLE 1

Histochemical procedures for visualizing and identifying GCs in the intestine of C. paleatus

Procedures Interpretation of staining reactions
PAS GPs with oxidizable vicinal diols and/or glycogen
KOH/PA*/BW/PAS  Neutral GPs with oxidizable vicinal diols
PA/Bh/ KOH/PAS  Sialic acid residues with O-acyl substitution at C7, C8 or C9 and O-acyl sugars
KOH/PA*S GPs with sialic acid residues
PAPS Sialic acid residues
ABpH 2.5 GPs with carboxyl groups (sialic acid or uronic acid) and/or with O-sulphate esters
ABpH 1.0 GPs with O-sulphate esters
ABpH 0.5 Very sulphated GPs
TB pH 5.6 GPs with O-sulphate esters and carboxyl groups
TB pH 4.2 GPs with O-sulphate esters
AB pH 1.0/PAS GPs with O-sulphate esters /GPs with oxidizable vicinal diols and/or glycogen
AB pH 2.5/PAS

GPs with carboxyl groups (sialic acid or uronic acid) and/or with O-sulphate esters /

GPs with oxidizable vicinal diols and/or glycogen

References
Mc Manus (1948)
Volz et al. (1987)
Reid et al. (1973)
Culling et al. (1976)
Reid et al. (1973)
Lev & Spicer (1964)
Lev & Spicer (1964)
Lev & Spicer (1964)
Lison (1953)
Lison (1953)
Mowry (1963)
Mowry (1963)

AB: alcian blue; Bh: borohydride; GCs: glycoconjugates; KOH: saponification; PA*: selective periodic acid oxidation; PAS:
periodic acid Schiff reagent; PA*S: periodic acid-Schiff at low temperature and low pH; TB: toluidine blue.
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TABLE 2

Carbohydrate binding specificity of lectins employed in this study

Lectin Source

Group [

Con-A Concanavalia ensiformis

LCA Lens culinaris
Group II

WGA Triticum vulgaris

sWGA Triticum vulgaris

DSA Datura stramonium

LEA Lycopersicon esculentum
Group III

DBA Dolichos biflorus

VVA Vicia villosa

SBA Glycine maximus

SJIA Sophora japonica

PNA Arachis hypogaea

RCA-1I Ricinus communis

JAC Arthocarpus integrifolia

BS-1 Bandeiraca simplicifolia-1
Group IV

UEA-I Ulex europaeus-1

Binding specificity
Glc/Man
f-D-Man >a-D-Glc
o—D-Man
GlcNAc
B-D-GlIcNAc; NeuNAc
GlcNAc
B1- 4GlecNAc; N-acetilgalactosamine
B1- 4GlcNAc oligomers
GalNAc/Gal
a-D-GalNAc
Terminal GalNAcal-3Gal>GalNAcal-6Gal=GalNAc-serine
a-D-GalNAc; p-D-GalNAc
GalNAc
B-D-Gal (B1-3) > D-GalNAc
B-Gal
o—Gal
B-Gal
L-FUC
L-Fuc

Gal=galactose; GalNAc=N-acetylgalactosamine; Glc=glucose; GlcNAc=N-acetylglucosamine; L-Fuc=L-fucose;
Man=mannose; NeuNAc=N-acetyl-neuraminic acid (sialic acid).

behind the liver. Between the stomach and the
intestine, there was a layer of thick muscle (the
gastrointestinal sphincter). The total longitude
of the intestine was of 54.9 + 2.01 mm for
females and 45.9 = 1.76 mm for males.

Histological characterization: Micro-
scopically the general four-layered structure of
a vertebrate intestine was observed and showed
all the cell types characteristic of the intestinal
epithelium (Fig. 1). The tunica mucosa of intes-
tine showed a single-layered columnar epithe-
lium (enterocytes) with a well-developed brush
border (Fig. 1C). This cellular type became
gradually less numerous and smaller towards
the caudal portions; the brush border of these
cells also decreased in height caudally (Fig.
1D). The goblet cells or mucous cells (MC),
which were arranged among the enterocytes,
increased in number towards the caudal portion
of the intestine. The most important change

that was observed in the intestinal epithelium
was related with the extraction of atmospheric
oxygen in sectors I3 and 14, transforming the
intestine into a complementary air-breathing
organ. In these sectors, the epithelium was
low cubic (Fig. 1D), and interspersed between
enterocytes, MC and capillaries that reach the
lumen of the mucosa were observed. Underly-
ing the epithelium, a well-developed lamina
propria-submucosa consisting of connective
tissue; this layer was observed highly vascular-
ized and did not exhibit glands (Fig. 1B). No
muscularis mucosa was detected, but a thin
layer of reticular fibers separating the lamina
propria of the tunica submucosa was present.
The tunica muscularis was composed of two
relatively thick layers of smooth muscle (Fig.
1A), among which the myenteric plexus was
located. Towards the caudal sector, the outer
longitudinal layer became thinner; in the 14
sector, the tunica muscularis was restricted to
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®
Fig. 1. Histology of the cranial, middle and caudal portion of C. paleatus intestine, H-E. A. Cross-section of 11 portion
showing of development of villi and the absence of crypts. B. Portion 12 with shorter and thicker villi than those of the I1
portion, and a great development of lamina propria-submucosa. C. Intestinal mucosa of I3 portion, high-cubic enterocytes
with microvillous (arrows) was observed, and blood capillaries (stars) located basally to enterocytes. D. Intestinal wall of

14 portion, blood capillaries (stars) interspersed between the enterocytes were observed. BV: blood vessel, E: enterocytes, e:
erythrocyte, L: lymphocyte, LP: lamina propria, MC: goblet cells, SM: tunica submucosa, TM: tunica muscularis, V: villus.

the circular layer. Tunica serosa was composed
of a connective tissue and a simple squamous
epithelium (mesothelium).

Histochemical characterization: The
implementation of different histochemical
techniques to demonstrate the presence of GCs
in mucous intestinal showed a similar pattern
of distribution in the different regions studied.
The structures analyzed were glycocalyx and
MC. The results are summarized in Table 3.

The combined technique AB pH 2.5/PAS
allowed the identification of three MC types
in all intestinal portions (Fig. 2). Due to this
reason, MC populations were called type A
(AB/PAS-positive), type B (only PAS-positive)
and type C (only AB-positive). In all sectors
there was a predominance of type A, but the
intensity of staining varied among the different

TABLE 3
Histochemical reactions of GCs in different portions
of the C. paleatus intestine

1l 2 13 4

G MC G MC G MC G MC
PAS 3 3 3 3 — 3 — 3
KOH/PA*BhWPAS 3 3 — 3 — 3 — 3
KOH/PA*S 2 2 — 3 — 3 — 3
PA/BWKOH/PAS 2/3 23 1 3 — 3 — 3
PAPS 2 2 2 2 — 23 — 3
AB pH 0.5 -1 -1 = 1 = 1
AB pH 1.0 2 03233 — 3 — 3
AB pH 2.5 2 1 2 — 2 — 2
TB pH 4.2 - 2 - 2 - 2 = 2
TB pH 5.6 - 2 - 2 - 2 = 2

11: intestine 1; 12: intestine 2; I3: intestine 3; I4: intestine
4. G: glycocalyx; MC: goblet cells. Staining intensity: —:
negative; 1: weakly positive; 2: moderately positive; 3:
strongly positive.
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Fig. 2. Percentage of goblet cells (MC) with AB pH 2.5/PAS staining shows different regions of the C. paleatus intestine.

sectors. Type A cells that were found in I1 and AB-positive reaction that evidenced an increase
I3 (Fig. 3A, Fig. 3C) showed a highly PAS- of GCs with weak acid sulfated mucins.
positive reaction, this confirmed the presence

of GCs with oxidizable vicinal diols in a major Cranial intestine (I1): The glycocalyx
proportion. However, in 12 and 14 (Fig. 3B, showed a moderately to strong positive reac-
Fig. 3D) the type A cells showed a highly  tion with the PAS and all its variants (Fig. 4A,

win @ ¢ apm @, SHEFEEN
g v W

\‘,’. : ; 3 i—\: (‘
s 7y R

Fig. 3. GC histochemistry of the intestine of C. paleatus with a mixed AB pH 2.5/PAS staining. A. Basal surface of the
villi of the I1 portion, scarce goblet cells (arrows) AB/PAS-positive reaction. B. Intestinal wall of portion 12, goblet cells
of type A (arrows), with a predominance of AB-positive reaction. C. Intestinal wall of portion I3, goblet cells of type A
(arrows), with a predominance of PAS-positive reaction. D. Intestinal wall of portion I4, in this sector, the goblet cells are
highly AB-positive. %: blood capillaries, LP: lamina propria, SM: tunica submucosa, TM: tunica muscularis, % TS: tunica
serosa, V: villus.
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Fig. 4. GC histochemistry of the intestine of C. paleatus. A. Basal portion of the intestinal villi, goblet cells (arrows)
intensely PAS-positive. B. Glycocalyx and goblet cells (arrows) PA*/Bh/KOH/PAS-positive. C. Goblet cells (arrows) of
12 portion, was moderately labeled with AB pH 1.0 technique. D. Intestinal wall of the I3 portion, abundant goblet cells
(arrows) with a rounded shape, note the proximity of the capillaries to the luminal surface (stars), PAPS technique. E. F.
Intestinal wall, note the large size of the tunica mucosa in relation to other tunics, and the presence of goblet cells (arrows)
and blood capillaries (stars), KOH/PA*/Bh/PAS and TB pH 5.6 technique respectively. E: enterocytes, e: erythrocyte, L:
lymphocyte, LP: lamina propria, SM: tunica submucosa, TM: tunica muscularis.

Fig. 4B). These results revealed the presence
of GCs with oxidizable vicinal diols, GCs with
sialic acid residues non-substituted or O-acyl
substituted in C7, C8 or C9 and O-acyl sugars.
Besides, the glycocalyx stained weakly with
AB pH 1.0 and moderately with AB pH 2.5
demonstrating the presence of abundant GCs
carboxylated and scarce sulfated. MC reacted
strongly with all techniques used, showing the
presence of a variety of GCs (Fig. 4A, Fig.
4B). A positive metachromatic reaction with

the TB technique at both pHs allowed the iden-
tification of GCs with O-sulphate esters and
carboxyl groups. This sector reacted positively
to the AB technique, which made possible the
identification of weak acid sulfated mucins.

Middle intestine (I2 e I3): All histo-
chemical techniques were positive in the 12
and reactivity gradually diminished towards
the I3. Unlike the cranial portion, the glycoca-
lyx showed strong reaction to PAS technique
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but weak to moderate to PA*/Bh/KOH/PAS
and PAPS. The AB technique showed a scarce
reaction for GCs with weak sialic acid and a
moderate to strong presence of sulfated GCs.
As in the I1 the MC reacted strongly with all
techniques (Fig. 4C, Fig. 4D), except to PAPS
techniques, which reactivity was moderate in
the 12 to strong towards to the I3.

Caudal intestine (I4): The glycocalyx
showed negative reaction with all histochemi-
cal techniques. These sector also displayed
variation in the presence of GCs, the muco-
substances present in MC were stained very
strongly with PAS and its variants (Fig. 4E), AB
at different pHs and TB at both pHs (Fig. 4F).

Lectinhistochemical characterization:
The application of LHC to detect the presence
of GCs in the intestinal mucous, showed a
different pattern in each region studied. Gly-
cocalyx and cytoplasm of enterocytes, MC
and endothelium were observed in order to
establish differences among the physiologi-
cal regions. No labeling was observed in any
of the sectors with DSA and LEA lectins, the

enterocytes’ cytoplasm showed negative reac-
tion to LCA lectin. The results are summarized
in Table 4.

Cranial intestine (I1): Intensively posi-
tive with JACALIN, RCA-I, sWGA and SBA
was found in the apical cytoplasm of entero-
cytes (Fig. 5A); this demonstrated the presence
of terminal galactose residues. Also the glyco-
calyx’ GCs strongly reacted with Con-A. MC
showed positively a great variety of lectins,
although only DBA positivity to these cells was
identified in all regions, with a labeled which
became more intense from cranial to caudal.

Middle intestine (I2 e I3): In the entero-
cytes the only lectin which increased bind-
ing intensity from I2 to I3 was Con-A. The
opposite happened with sWGA, JACALIN,
WGA, DBA, VVA, SBA, and RCA-I indicat-
ing a gradual decrease in N-acetylglucosamine
and N-acetylgalactosamine/galactose residues.
Glycocalyx behaved differently from I1, in
the middle intestine WGA and RCA-I labeled
intensely, but its affinity gradually decreased to
the caudal sector, showing that the glycocalyx

TABLE 4
Lecting binding in the different portions of the intestine of C. paleatus

Enterocytes Glycocalyx
n 2 13 4 n 2 13 4
CON A 2/3 112 2/3 2/3 3 3 3 3
LCA - - - - - = 1 2
WGA -1 - - - 3 2 -/
sWGA 12 23 — - - 12 172
DSA - - - - - - - =
LEA - - - = - - - =
DBA 1 1 - - 2 2 3 3
VVA 2/3 3 12 273 - - - =
SBA 2 - - - 2 2 2
SJIA - - - = - = 1 1
PNA 1 - - = 2 = = 2
RCA-I 23 1 — 3 - 3 12 3
JACALIN 2 2 - - - - - =
BS-I - - - - - - - =
UEA-I - - - = - - - 3

Goblet cells Endothelium

n n 1B 14 n n 1B 14
- - = = 3 3 3 3
- - = = - - 1 2
3 - = - - - 1 -1
- - - = - — 12 12
172 1 12 23 2 2 3 3
- = 12 2/3 3 - = -
- — 3 23 - = 2 2
- - = = - - 1 1
- - = = - - 1 2
- - - = - 3 12 3
323 23 — - - - =
- - = = - - 1 3

I1: intestine 1; 12: intestine 2; I3: intestine 3; I4: intestine 4. Staining intensity: —: negative; 1: weakly positive; 2: moderately

positive; 3: strongly positive.
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Fig. 5. LHC staining of the intestine of C. paleatus. A. SBA lectin binding is present in the enterocytes apical cytoplasm of
portion I1, and absent in glycocalyx (black arrows) and goblet cells (white arrows). B. In portion 12, RCA-I lectin binding
shows positivity in glycocalyx (black arrows) and capillaries endothelium (stars) of lamina propria. C. Intestinal wall
of portion 13, note the heterogeneous positivity of goblet cells (white arrows) with SBA lectin binding. D. Con-A lectin
binding is evident in the enterocytes (arrow) located between two blood capillaries (stars). LP: lamina propria, TM: tunica

muscularis.

of 12 (Fig. 5B) is rich in N-acetylglucosamine
and galactose, but these residues were gradu-
ally lost when reaching the caudal region.
MC were positive with four lectins, DBA,
VVA, SBA and JACALIN (Fig. 5C); from
these, only the latter remained from moderate
to strong labeled in both sectors. The oth-
ers were increasing their affinity towards the
caudal region. All these lectins belong to the
group that recognizes N-acetylgalactosamine
and galactose. Endothelial cells of the regions
I1 and 12 showed a great similarity.

Caudal intestine (I4): Con-A, RCA-I and
VVA bind to GCs in the cytoplasm of entero-
cytes (Fig. 5D). Lectins that had a positive
reaction for the MC were the same as for 13 but
remained constant in labeling intensity with
JACALIN. However DBA and VVA labeled

more intensively, while SBA decreased its affin-
ity abruptly. All of them belong to the group of
lectins that recognizes N-acetylgalactosamine
and galactose. LCA, WGA, sWGA, DBA, SBA
and SJA showed a similar binding pattern in
endothelial cells of the regions 13 and 14.

DISCUSSION

The morphology and histology of the
gastrointestinal tract has been described for
several teleost species. Despite interspecif-
ic differences, this system has showed to
share basic structural features (Diaz, Garcia,
Devincenti, & Goldemberg, 2003; Diaz et al.,
2008a,b; Domeneghini, Arrighi, Radaelli, Bosi,
& Veggetti, 2005; Fishelson, Golani, Russell,
Galil, & Goren, 2011). However, the morpho-
logical and functional variations found in C.
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paleatus demonstrated specializations in this
group of vertebrates, not only in relation to its
position in the food chain, but also for their
habitat. In C. paleatus, histological charac-
teristics of the intestinal mucosa, submucosa,
muscular and serosa tunics coincided with
other studied teleost (Olaya et al., 2007), with
the exception of the I3 and 14 portions. These
sectors present modifications in relation to
gas exchange such as a very thin wall and the
presence of many capillaries located basally,
in between, and apically to the epithelial cells.
A similar intestinal wall has been observed in
teleosts in which the intestine has an acces-
sory respiratory function, like other members
of the order Siluriformes (Huebner & Chee,
1978; Podkowa & Goiakowska-Witalinska,
2002; Jucd-Chagas & Boccardo, 2006), and
also some members of the family Cobitidae
(Jasinski, 1973; Yadav & Singh, 1980; Park &
Kim, 2001; Gongalves, Castro, Pereira-Wilson,
Coimbra, & Wilson, 2007).

HC and LHC patterns of the mucosal layer
differ among species and in different regions of
the digestive tract (Reid, Volz, Cho, & Owen,
1988; Grau, Crespo, Sarasquete, & Gonzalez de
Canales, 1992; Leknes, 2011). In this research,
a variety of GCs in the glycocalyx of I1, and a
moderated to strong presence of sulfated GCs
were observed. This positivity decreased grad-
ually towards the caudal portion of the intestine
where it became negative for all techniques in
portion I3 and I4. These results confirm the
functional differences that these cells possess
along the intestine. The glycocalyx, extending
in the apical surface of 11 and 12, has a buffer
effect on the high acidity from the stomach.
Additionally, to protecting the epithelial cells
from the action of proteolytic enzymes, the
glycocalyx plays a key role in cell-pathogen
interactions (Vasquez-Pifieros, Rondon-Barra-
gan, & Eslava-Mocha, 2012). Also, the glyco-
calyx and the endothelial cells in C. paleatus
showed a strong affinity for lectins Con-A and
DBA in the whole intestine and UEA-I in the
14 portion. These results demonstrated that
glucose/mannose; N-acetilgalactosamine and
L-fucose residues would probably have general

functions in the intestinal epithelium that do
not depend on the sector. Previous studies had
also described the role of L-fucose, with an
important function in morphogenetic processes
of the plasmatic membranes, and increasing
the resistance against bacterial populations in
the apical border of enterocytes (Bennett, Leb-
lond, & Haddad, 1974; Vasquez-Pifieros et al.,
2012). Enterocytes cytoplasm showed affinities
to the four groups of lectins, but only Con-A
and VVA lectins bound from moderately to
intensively in all sectors of the intestine. The
enterocytes of Paralichthys olivaceus (Jung,
Ahn, Lee, Go, & Shin, 2002) and Oncorhyn-
chus mykiss (Marchetti et al., 2006) showed a
similar LHC pattern. The LHC method mainly
revealed the presence of glucose/mannose and
N-acetylgalactosamine residues in the GCs that
are produced by the enterocytes and transported
to the cell surface along the intestine, and also a
weak presence of N-acetylglucosamine and 1.3
3 N-acetylgalactosamine terminal residues. The
HC and LHC patterns of C. paleatus in 11 and
12 were similar between them, as well as those
of I3 and I4; these could indicate that entero-
cytes belong to two different cell populations.
The presence of MC is a common feature
in the intestinal epithelium of teleosts (Grau
et al., 1992; Cinar & Senol, 2006; Hernandez,
Pérez Gianeselli, & Domitrovic, 2009). In the
I1 of C. paleatus, the MC were scarce and had
a low content of highly sulfated mucins and a
high content of weak acid mucins. This result
agrees with those obtained previously for tele-
osts of the orders Perciformes, Cypriniformes,
Esociformes, Siluriformes, Beloniformes and
Salmoniformes (Reifel & Travill, 1979; Tib-
bets, 1997; Podkowa & Goiakowska-Witalin-
ska, 2002; Marchetti et al., 2006; Hernandez
et al., 2009). In this catfish, the AB combined
techniques allowed the identification of three
types of MC. In I1 and I3 the carboxylated
groups were predominant, in contrast with the
abundance the sulphated groups found in 12
and 4. According to the observations made
by Yadav and Singh (1980), Podkowa and
Goiakowska-Witalinska (2002) and Cinar and
Senol (2006), the caudal portion of the intestine
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contains acidic glycosaminoglycans with high
affinity to water, which would be necessary for
the maintenance of body moisture. The pres-
ence of different types of MC has already been
determined in other groups of fishes (Hung,
Groff, Lutes, & Alkins, 1990). Narasimham
and Parvatheswarao (1974) and Domeneghini,
Stranini, and Veggetti (1998) have suggested
that intestinal mucins possibly play a role in
osmoregulation. Recently, Pérez-Sanchez et al.
(2013) have shown that MUCI18, an intestinal
mucin that binds to membranes, plays a cru-
cial role in protection against pathogen agents
together with other biological processes such as
osmoregulation and ion exchange. In addition,
Mittal, Whitear, and Agarwal (1980) and Mit-
tal, Pinky and Mittal (2002) observed that the
mucus has a remarkable power to precipitate
the mud in suspension, keeping the epithelium
clean for respiration. Even though these studies
were done in skin and opercule, this function
could be applied to the intestine of C. paleatus
since it is a benthic fish that incorporates sus-
pended matter together with water, making it
difficult to breathe at the intestinal level.

In conclusion, this study has shown that
GCs produced along the intestine of C. palea-
tus exhibit a high complexity degree associated
with the multiple functions performed by the
mucus in the digestive tract. Furthermore we
found distinctive features of the mucosa in
relation to gas exchange such as a very thin
wall, presence of many capillaries interspersed
between enterocytes in direct contact with
the lumen and a decreased of the GCs in the
glycocalyx that relate more with their respira-
tory function than with digestive function. The
information generated here may be a relevant
biological tool for comparing and analyzing
the possible glycosidic changes in the intesti-
nal mucus under different conditions, such as
changes in diet or different pathological stages.
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RESUMEN

Diferencias histoquimicas a lo largo del intestino
de Corydoras paleatus (Siluriformes: Callichthyidae). El
pez neotropical Corydoras paleatus, de respiracion aérea
de tipo facultativa, utiliza el sector caudal del intestino para
el intercambio gaseoso. En América del Sur, los peces con
respiracion aérea se encuentran en las aguas dulceacuicolas
tropicales y subtropicales, donde la probabilidad de hipoxia
es alta. El objetivo de este trabajo fue caracterizar mediante
técnicas histoquimicas tradicionales y de lectinhistoquimi-
ca el patron de carbohidratos de la mucosa intestinal. Para
ello se utilizaron muestras de intestino de 25 ejemplares
sanos adultos recolectados en la provincia de Buenos
Aires (Argentina). Las muestras fueron fijadas en formol
amortiguado al 10 % y se procesaron para su inclusion en
parafina. Posteriormente, los cortes fueron incubados con
una bateria de lectinas biotiniladas. Se utilizo el sistema de
marcado con estreptavidina-biotina (LSAB) para su detec-
cion, diaminobencidina como cromoégeno y hematoxilina
como colorante de contraste. Para localizar y diferenciar
los glicoconjugados (GCs) de las células caliciformes,
se utilizaron las siguientes técnicas histoquimicas: PAS,
PAS*S, PAPS, KOH/PA*S, PA/Bh/KOH/PAS, KOH/PA*/
Bh/PAS, Azul Alcian y Azul de Toluidina a diferentes pHs.
Microscopicamente, se observa la estructura general del
intestino de los vertebrados y el epitelio intestinal presenta
todos los tipos celulares caracteristicos de esta region. El
sector craneal del intestino de este teledsteo, es el sitio de
digestion y absorcion, y posee una estructura similar a la
de otros grupos de peces. En cambio, los enterocitos de
la porcion caudal, son células cubicas bajas, entre ellos
se observan células caliciformes y capilares sanguineas
que llegan hasta el lumen de la mucosa. Por fuera del
epitelio, se observa una lamina propia-submucosa muy
desarrollada compuesta por tejido conectivo, altamente
vascularizada que no presenta glandulas. De acuerdo con
las técnicas histoquimicas, los diversos GCs elaborados y
secretados por la mucosa intestinal se encuentran asocia-
dos con funciones especificas de importancia fisiologica,
como su rol en la lubricacién, su efecto amortiguador y
la prevencion de dafios proteoliticos del epitelio junto con
otros procesos biologicos, tales como la osmorregulacion
y el intercambio i6nico. El anélisis lectinhistoquimico de
la mucosa intestinal revela la presencia de residuos ter-
minales de glucosa, manosa y galactosa. En conclusion,
en este estudio se demuestra que los GCs sintetizados en
el intestino de C. paleatus muestran un alto nivel de com-
plejidad histoquimica y que el patrén de union de lectina
de la mucosa intestinal es caracteristico para cada especie
y las variaciones se hallan relacionadas con las multiples
funciones realizadas por el mucus en el tracto digestivo. La
informacion brindada en este trabajo es una herramienta de
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relevancia biologica para comparar y analizar los posibles
cambios glicosidicos del mucus intestinal bajo diferentes
condiciones como los cambios en la dieta o diferentes
estados patologicos.

Palabras clave: Corydoras paleatus, glicoconjuga-
dos, histoquimica, intestino, lectinhistoquimica, células
caliciformes.
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