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ARTICLE INFO ABSTRACT

Studies that address the morphology of the intestinal tract of fish have expanded the knowledge
about the biology and nutritional management of native fish. The objective of this work was to
describe some histological and histochemicalaspects of the intestinal tract of the yellow-tailed
lambari (Astiyanax altiparanae - Charicidae) raised in captivity. The specimens obtained from the
Grupo Acorci were immediately necropsied and the intestines were fixedin 10% formol. The
fragments were subjected to automated processing, cut in a microtome at 4-µm thickness, and
stained by Mallory's Trichrome, Hematoxylin and Eosin, Alcian Blue and Schiff's Periodic Acid
(PAS).  The histological study revealed three tunics: mucous, muscular and serous.The mucosa
layer was consisted by a simple prismatic epithelium with basal nucleus and goblets cells PAS
and AB positive, enterocytes and lamina propria with loose connective tissue and with nomucous
muscle layer. The muscular tunic presented two muscular layers, internal and external, increasing
the thickness in the cranio-caudal direction. Villi were morphologically differentin terms of
height, thickness of branches, cell types and the presence of mucosal-associated intraepithelial
lymphocytes.This study generated information on some histological particularities in the intestine
of Astyanax, contributing to the improvement of nutritional management in captive.

Copyright © 2020, Lucimar Rodrigues Vieira Curvoab et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
The aquaculture sectorin Brazil has demonstrated great
expansion with total production of 758.006 tons in 2019,
representing an increase of 4.67% compared to 2018
production (PEIXE BR, 2020). According to FAO data (2018)
for 2025, fish production is expected to be 162 million tons,
based on consumption of 25 kg per capita/year. The yellow-
tailed lambari (Astyanax altiparanae: Charicidae) is a small
native species that inhabits the upper Paraná river basin,
reaching 60 grams of live weight and 10 to 15 cm in length
(Garutti and Britski, 2000; 2003; Grace and Pavanelli, 2013;
Rodrigues et al., 2013). This species has diversification to feed
for artificial feeding, with potential for fish farming (Jatobá et
al., 2018). Some aspects of reproduction and morphology of A.
asltiparanae are already knownin the literature, also, there are

some studies involving nutrition and management (Viana et
al., 2014; Siqueira-Silva et al., 2015; Carvalho et al., 2019). It
is a generalist-opportunistic fish, with good results in fecundity
and high growth rate, as well as with wide physiological
adaptation to thermal oscillation in nurseries, rusticity,
resistance to cultivation systems and good feed conversion
(Sabbag et al., 2011). The Brazilian production of lambaris has
been around 300 million units per year, being the State of São
Paulo the largest producer. approximately 230 million per year
(Carvalho et al., 2019). Of the native species used in food and
human use, the species A. altiparanae has been accepted with
great commercial interest and it has international coverage (all
of South America), contributing to minimize pollution by the
introduction of exotic species that can be used as live bait,
eaten fried as processed and canned appetizers (Adrian et al.,
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2001; Martinez et al., 2012; Ferreira et al., 2016; Carvalho et
al., 2019). Studies on the nutrition of native species in relation
to morphophysiological aspects, nutritional need, digestibility
and food management have promoted efficient application of
methods of cultivation resulting in low production cost
(Cyrino and Fracalossi, 2013). The morphology of fish
digestive system and behavioral strategies become relevant for
its adaptation to confinement, since it allows the association of
eating habit with the physiological processes of responses to
stress, intake, digestion and absorption of adequate nutrients
(Molnár et al. 2018; Palińska-Żarskaet al. 2020). Studies on
the morphology of the intestinal tract of fish can provide
information on nutritional dynamics, aiming to meet the needs
for good health, well-being and achievement of good
productive performance of animals in the face of the most
competitive fish farming (Nakandakare et al., 2013; Mello et
al. 2017). Due to the scarcity of morphological and
histochemical studies of the intestinal tract of native cultivated
fish, the morphological characterization of the yellow-tailed
lambari (A. altiparanae) gut is considered relevant. Thus, the
objective of this research was to perform histological and
histochemical analysis of the intestine of A. altiparane.

MATERIAL AND METHODS

The experiments were carried out at the Laboratory of Fish
Production and Health and Laboratory of Pathological
Anatomy of the Catholic University of Don Bosco, in Campo
Grande (MS), Brazil. The precepts contained in Law No.
11.794 of October 2008, decree no. 6.899 of July 15, 2009,
and the rules issued by the National Council for the Control of
Experimentation (Brasil, 2019), were authorized and registered
with the Animal Ethics and Research Committee of Catholic
University of Don Bosco under protocol 001/2019. This
experiment was carried out in 2018-2019 with yellow-tailed
lambari (A. altiparanae) cultivated at the Acorci Group Fish
Farming Station, located in the rural area of Mato Grosso do
Sul (Figure 1).

The animals were fed with commercial diet of the brand
Guabi® extruded 1mm, presenting 42% protein content and
4,200 Kcal of crude energy, 4 times a day until satiety (ad
libitum), for 90 days. They were anesthetized, euthanized and
necropsied for the removal of biological material (intestinal
tract), in order to elaborate histological slides according to the
procedures of Caputo et al. (2010), delimiting the minimum
area of 200μm2, totalizing 1200 μm2 of intact villi. Tissue
fragments from each region (n=12) were collected, fixed,
dehydrated in increasing alcoholic solutions (70% alcohol,
80%, 90% and 100% I and II), diaphanized in xylol and
included in paraffin. The tissues were cut into a rotation
microtome at 4 μm thick and stained by hematoxylin-eosin
(HE), periodic acid Schiff acid (PAS), alcyan blue (alcian blue
- AB) and Mallory tricrômico (TM) for morphological
description. The slides were observed in a Composite Optical
Microscope (MOC) of light, Carl Zeiss Microscopy GmbH,
model Axio Scope A1, with the aid of Zen software and the
photographic records by axiocam 503 color camera, coupled to
MOC.

RESULTS

The histological analysis of the intestine of A. altiparnae
allowed to describe the pattern of intestinal folds, which were

variable in size, branches, types and cell densities,
characterizing two distinct regions: anterior and posterior
(Figure 2 A, B), which was confirmed by Cardoso et al.
(2015); Riddle et al. (2018; 2020) for A. altiparanae and A.
mexicanus (Charicidae), respectively. Histologically, the
intestine of A. altiparanae, described here, was structured by 3
distinct tunics (a, b and c):(a) tunic mucosa, formed by the
simple prismatic epithelium, with predominant absorbive cells
(enterocytes) and brush edge on the surface; goblets cells
increasing in the distal direction (posterior intestine) and
lamina itself, formed by well-vascularized loose connective
tissue (Figures 3A, B, C, D), similar to the described by
Wilson; Castro (2011) and found by Rodrigues et al. (2013) in
a study with pirarucus (Arapaima gigas: Osteoglossidae) and
similarly identified for A. altiparanae by Cardoso et al. (2015)
and Riddle (2020). The muscle layer of the mucosa was not
visualized in A. altiparanae (Figure 3E).(b) Muscular tunic,
below the tunic mucosa, consisted of 1 or 2 layers (Figure 3A,
E), internal and external, the external being thicker in the
posterior part of the intestine (Figure 2A, B). These were
formed by smooth muscle fibers (Figures 3 and 4), a
description similar to that of Castro et al. (2002) and, in
curimbatás (Prochiloduslineatus: Prochilodontidae), piaus-de-
três-pintas (Leporinusrenhardti: Anostomidae),dourados
(Salminusbrasiliensis: Characidae) and, specifically, for A.
altiparanae by Ferreira et al. (2016). In the present study, A.
altiparanae demonstrated variation in the thickness of the
muscular tunic in the anterior and posterior sections of the
entire intestinal tract, as similarly reported by Castro et al.
(2002) in three species of fish with different feeding habits, by
Borges et al. (2010) in the carnivorous species true grouper
(Epinephelus marginatus: Serranidae), Cardoso et al. (2015)
for A. altiparanae and Riddle et al. (2018; 2020) for A.
mexicanus. Ferreira et al. (2016) and Riddle et al. (2018)
described that the greater thickness of the muscle layer in
Astyanax would contribute to intestinal motility and protection
against endoparasites. (c) More externally, the serous tunic
was detected, which was coated with simple squamous
epithelium, associated with dense connective tissue and blood
vessel (Figures 3E).

In histochemical techniques, the presence of mucus secreting
goblet cells (calliform), in pink/red color (PAS+), indicated the
presence of neutral and acidic mucins in blue (HE/AB+),
respectively (Figures 4A, B and 3A, B, C). The staining
allowed the identification of these cells in the two intestinal
parts, anterior and posterior. Acid mucins predominated in the
posterior intestine, positively reacting to AB, staining strongly
in blue (Figures 3A, B, C) and neutral mucins, also abundant
in the posterior intestine, stained in dark pink/red by PAS dye
(Figures 2 B). Other studies have found reactions similar to
PAS and AB for other fish species. Riddle et al. (2020)
mentioned the presence of goblets cells with acidic and neutral
mucins in the intestine of A. mexicanus. For other teleosts,
Hernández et al. (2009) found these cells in jundiá
(Rhamdiaquelen: Pimelodidae), Santos et al. (2007) in fish
trails (Pseudopeneus maculatus: Mulidae), in dentudos
carnivores (Oligosarcushepsetus: Charicidae) by Abdallah et
al. (2004), Fagundes et al. (2016) for the pufferfish
(Sphoeroidestestudineus – Tetraodontidae), Kalhoro et al.
(2018; 2019) in marine fish of the corvinas family
(Larimichthyscrocea – Sciaenidae) and (Larimichthyscrocea:
Acanthopterygii). The study of the cell types of villi located at
the base of the crypt of A. altiparanae revealed: cells similar to
those of Paneth, lymphoid cells and enteroendocrine cells
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Figure 1. Location Map of the Acorci Group Fish Farming Station, Campo Grande (MS)

Figure 2 A, B. Histomicrography of the anterior (A) and posterior (B) intestines: intestinal villi (VI); lumen(L) of A.
altiparanae. Objective 5x - AB+/HE

Figure 3 - Histomicrography of the intestine of A. altiparanae. (A) (B) tunic mucosa: simple prismatic coating epithelium (erps);
HE-AB+ globets cells (black arrow). (C) brush edge (be). (D) Intestinal Villi (VI); lieberkühn crypt base (bcL); Lieberkühn crypt;

L (light); serous tunic (tse); simple squamous epithelium (blue arrow); loose (tcf) and dense connective tissue (green arrow). (E)
muscular tunic (tm); blood vessel (blue arrow). Lenses (A) 5x, (B) 40x, (C) 63x - HE/AB+, (D)10x, (E) 40x - TM.
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(Figures 5 A, B), already identified by Ourth et al. (1980); Min
et al. (2009) in the American catfish (Ictalurus punctatus:
Ictaluridae), in the medical fish (Garrarufa: Cyprinidae,) by
Kuru et al. ( 2010), in jundiás (Rhandiaquelen: pimelodidae)
in the work of Hernández et al. (2009) and more specifically
for the yellow-tailed lambari (A. bimaculatus: Charicidae)
(Cardoso et al. 2015).

DISCUSSION

The intestinal villi of the anterior intestine of A. altiparana
were less numerous and branched and slightly more elongated
compared to the posterior segment (Figure 2A, B). In the
posterior segment, the villi were more numerous and more
branched with gradual decrease of lumenin the distal direction
(Figure 2B), as the reports of Ferreira et al. (2016); Riddle et
al. (2020). Theoretically, it is agreed that differentiation into
two different parts of the intestinal tract in teleost fish is
related to the physiological processes of nutrient absorption: in
the anterior intestine it predominates the lipids and, in the
posterior, protein strain (Riddle et al., 2018; 2020). The origin
and histological organization, concerning density and specific

cell types (Baldisserotto et al., 2002; Baldisserotto, 2010;
Becker et al., 2010; Mello et al., 2017; Riddle et al., 2018;
2020) are established by the characteristics (i) type of food
ingested by fish, (ii) eating habits, whether carnivorous,
herbivores, detritivorous or omnivorous (Ojeda, 1986; Sire;
Vernier, 1992; Scocco et al., 1997; Moraes (Almeida, 2020),
(iii)  species or even nutritional physiological needs, sex and
size (Santos et al., 2007; Santos et al., 2015; Ghosh;
Chakrabarti, 2015; Moawad et al., 2017; Kalhoro et al., 2018;
2019).

The parts of the intestine, in the anterior to posterior sense, in
the present study, presented different and specialized morph
physiological characteristics, defined by the types and cell
densities in the mucosa, thickness and organization of muscle
layers, similar to that reported for a species of cave lambari in
Mexico (Astyanax mexicanus: Charicidae) by Riddle et al.
(2018; 2020). The greater amount of goblets cells in the
posterior region of the intestine (Figures 3 A, B and C) has
been related to the protection of the mucosa, its integrity and
lubrication for the management and transit of the fecal bolus
(Grau et al. (1992); Murray et al. (1996); Kalhoro et al (2918).

Figure 4 – Histomicrography of the intestine of A. altiparanae. (A) (B) tunic mucosa: simple prismatic coating epithelium (erps); PAS+
goblets cells (black arrow); muscle tunic (tm); mesoenteric plexus (pme); light (L). Lenses 20x, 40x - PAS+

Figure 5 A and B - Cross-sectional photomicrography of the intestinal villi of A. altiparanae and details of the base of lieberkühn crypt
(bcL) – (A and B ) – goblet cell (red arrow); goblet cell nucleus (yellow arrow); absorbitive cell (enterocytes – e): basal nucleus of the
absorbitive cell (black arrow); Paneth cells (cP), enteroendocrine (ce); lymphoid tissue (tl); light (L). Lenses: (A) 10x, (B) 40x - HE.
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This finding was also reportedin pirarucus (Arapaima gigas:
Osteoglossidae), by Rodrigues and Cargnin-Ferreira, (2017)
who found gradual increase of goblets cells in the craniocaudal
direction and higher density of goblets cells in the posterior
intestine. Differently from this research, Hernández et al.
(2009; 2012) in an immunohistochemical study of jundiás
(Rhamdiaquelen: Pimelodidae) found 4 distinct tunics
(mucosa, submucosa, muscular and serous). More specifically
for A. altiparanae, the absence of the tunic submucosa in the
cave lambari (A. mexicanus) (Riddle et al. 2018; 2020) was
demonstrated. In this research, the first description of cells
morphologically similar to paneth cells in A. altiparanae was
reported, located at the base of lieberkühn crypts in the
intestine. These cells were strongly stained by HE in bright red
(Figure 5A), with rounded-aspect, and cytoplasmic vesicles
with eosinophilic granular secretions inside (Figure 5B),
previously reported by Sayyaf Dezfuli et al., 2018) in
histochemical studies of the gastrointestinal tract of the marine
stingray (Raja clavata: Rajiidae), that observed the presence of
lysosis in the intestinal mucosa, relating them to Paneth cells
in mammals and their role as a defense barrier. The specialized
literature, since the last century, has been reporting many
immunohistochemical studies of the presence of lysozymes in
mucus, seum, organs, eggs, lymphocytes and macrophages in
the mucosa of the intestinal tract of teleost fish (Fletcher et al.,
1973; Ourth, 1980; Hikima et al., 1997; Berillis et al.,2017;
Torcillas et al., 2019; evicán-Ansejo et al., 2019). It is
supported by Almeida et al. (2016) the roles played by Paneth
cells in the control of the intestinal microbiota, functioning as
an important barrier in combating pathogenic organisms and
foreign bodies. Previous studies mention the chemical
composition of the granulosa vesicles inside Paneth cells as
proteins, proteases, scaffolding molecules, cytokines and
antimicrobial peptides, showing their physiological importance
in integrity (defense), control of cellular signals that promote
regeneration of the intestinal mucosa, and also secrete factors
that sustain and modulate cells that promote the renewal of the
epithelium (Clevers; Bevins, 2013; Sayyaf Dezfuli et al 2018;
Holly, Holly. Smith, 2018).

More specific biomolecular studies clarify the nature of
vesicles substances inside Paneth cells, identifying them as
lysozymes (Garcia et al., 2009; Sayyaf Dezfuli et al., 2018),
defensine, cryptine and murine (Ouellette, 2010; Bevins;
Salzman, 2011; Andersson et al., 2012; Liu et al, 2012). Even
with this evidence, Sayyaf Dezfuli et al. (2018), understand
that there is still no confirmation about the presence of Paneth
cells in fish. Most studies identify the presence of lysozyme,
synthesized in Paneth cells in other vertebrates, but there is no
certainty on the lysozyme production sites and the stimulus for
its production in fish (Pausen et al., 2001). Another
histological finding in the intestinal tract of A. altiparanae was
the presence of lymphoid tissue at the base of lieberkühn's
crypt (Figure 5A). Similarlyin this study, Gaines et al. (2012)
visualized lymphoid tissue and the presence of defense cells in
pirarucu (A. gigas), Venkatesh et al. (2014) in snakehead fish
(Channa punctatus: Channidae), Srichaiyo et al. (2020a;
2020b) in Nile tilapia (Oreochromis niloticus), and more
specifically Cardoso et al. (2015) and Moraes et al. (2020) for
the genus Astyanax. In general, vertebrates’ lymphoid tissues
in the intestine functionas sites of cell production, phagocytic
and immunological defense factors,
forming defined tissues or clusters of cells in specific intestinal
regions(Wang et al., 2017; Rebl; Goldammer, 2018). In fish,
mucosal-associated lymphoid tissue (MALT) is subdivided

into several anatomical factors of location and organization,
observed here in A. altiparanae and the structure normally
associated in small aggregates or diffuse, being named of
lymphoid tissue associated with the intestine (GALT). These
tissues are sites of protection and integrity of the intestinal
mucosa since they are in contact with the environment through
the lumen of the gastrointestinal tract, offering different
responses to endogenous and exogenous factors (Campos,
2015, Srichaiyoet al., 2020a; 2020b). Studies of histology and
histochemistry of the intestinal tract of fish is important for
food management, as it reflects fishes eating habits, ethology
and morphophysiology. intestinal morphology, once associated
with nutrition, becomes an auxiliary mechanism to evaluate
the adaptation of feeding animals in captivity in a more
efficient way, which will favor animal welfare and increase
production.
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Conclusion

The histological study of the intestine of A. altiparanae
allowed the finding of morphological variations of structures
and cells when compared to other fish species, highlighting the
record of the presence of cells similar to paneth's. The
comparative morphology of fish tissues becomes important for
future research involving the increase in nutrient digestion and
absorption processes, as well as defense to pathogens,
providing better survival to captive-bred fish.
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