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Structural and histochemical aspects 
of the Gymnotus carapo tegument  
(Teleostei:  Gymnotiformes)

TANIA BLANCO COHENE, GABRIELA OLEA & CAROLINA FLORES QUINTANA

Abstract: The present study aims to structurally and histochemically characterize the 
Gymnotus carapo tegument. 30 specimens were captured and slaughtered by spinal 
section with anesthesia. The observation was carried out with a stereoscopic microscope 
and the body surface was photographed. Fragments of the dorsal, ventral and lateral 
region were fixed in Bouin’s solution for 12 hours and subsequently preserved in 70% 
alcohol. They were subsequently observed in the scanning electron microscope (SEM). 
The preparation for SEM was performed following the standardized protocol. Histological 
preparations were made, and the cuts were colored with H-E, PAS and Coomassie 
Blue. The images were obtained in an Olympus BX41-ENUTV-4 microscope. From the 
observations in SEM a plain tegument with pores of different sizes could be evidenced. 
The scales of the different regions of the body have different ornaments. Microscopically 
it was composed of a stratified non-keratinized epithelium consisting of two types of 
morphologically distinct cells: epidermal cells and mucous cells (PAS-Commassie Blue 
positive). Under the epithelium there is a layer of dense irregular connective tissue with 
associated chromatophores and more deeply scales. These analyzes are the basis for 
future studies that will focus on elucidating the events related to integumentary healing 
in this species.
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INTRODUCTION
The tegument of an animal is an exposed tissue 
on the surface of the body, which is in direct 
contact with the environment. It acts in numerous 
functions related to the organism / environment 
interface and also participates in the protection 
mechanisms against physical, chemical and 
biological agents, such as pathogens (Santos 
2016). In the case of fishes, it completely covers 
it, including the fins, and constitutes the largest 
surface of contact with water. It is a cover 
that provides both communications with the 
environment and protection against external 
agents or mechanical damage and has some 

healing and regeneration capacity (Damasceno 
et al. 2012, Manera et al. 2016, Furtado et al. 2019).

The epidermis of teleost consists of a non-
cornified stratified flat epithelium. They may or 
may not be covered by scales of dermal origin. 
The number of cell layers can vary from two 
in the larvae to ten or more in adults (Bonilla 
Lizarazo et al. 2008, Shooraki et al. 2018). In turn, 
it can vary depending on other factors such 
as sex, degree of maturation, time of year, and 
adaptations to the environment (Elliott et al. 
2000, 2011, Mistri et al. 2018).  Among the different 
types of cells found in the epidermis are goblet 
cells, which constitute a type of unicellular 
exocrine gland common to most groups of 
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animals. They are the second most important 
secretory cell category in teleosts skin (Elliott 
et al. 2011, Concha et al. 2017). The number of 
goblet cells can change seasonally and during 
processes such as larval metamorphosis and 
sexual maturation (Damasceno et al. 2012, Mistri 
et al. 2018). Another cell group present is the 
large unicellular glands called Club cells, which 
are located in the middle and deep layers of the 
epidermis (Mistri et al. 2018).

The dermis is composed of loose connective 
tissue in the papillary region, which is located 
below the epidermis and by dense connective 
tissue in the reticular region. In addition, it 
presents pigment cells, macrophages and mast 
cells. The hypodermis separates the dermis from 
the underlying muscle layer. (Elliott 2000, Souza 
et al. 2003, Le Guellec et al. 2004). This layer is it 
is considered as a variant of connective tissue, 
specialized in lipid storage, whose main cells 
are adipocytes, which are found in a mesh of 
connective tissue reticular, in which it is possible 
to observe blood capillaries.

Gymnotus carapo is commonly known 
as “brunette.” It is included in the order. 
Gymnotiformes and has a wide distribution that 
includes the basins of the Paraná, Paraguay, 
Uruguay, and Plata rivers. It is a kind of nocturnal 
habits that during the day remain under 
camalotes or other floating vegetation. These 
teleosts can receive and emit electrical pulses 
that are used for individual communication, 
courtship, and care of the territory. Tolerates low 
concentrations of dissolved oxygen and by using 
the swim bladder can breathe atmospheric 
air (Casciotta et al. 2005). Studies on the 
histomorphology of this species are scarce, 
and it represents a good model of study of 
the integumentary morphology. Therefore, the 
objective of the present work is to characterize 
the integumentary structure of G. carapo from 

the anatomical, histological and histochemical 
analysis of the tegument.

MATERIALS AND METHODS
Study area
The sampling was carried out biweekly between 
the months of February to December 2018 in 
bodies of lentic waters near the city of Corrientes, 
10 km in the NE direction (Perichón Area: 
27°26’36.6”S 58°45’14.0”W ). Phytogeographically, 
the sampling site is located in the Humid Chaco 
(Cabrera 1976). The climate is subtropical or 
mesothermal (Carnevali 1994), with an annual 
average temperature gradient that ranges from 
north to south between 21°C and 19,5°C, January 
being the warmest month (annual average, 27°C) 
and July the coldest month (annual average, 
14°C).

Material capture and processing methodology
A total of 30 individuals of G. carapo were 
manually captured. The animals were transferred 
to the laboratory in plastic bags and then 
euthanasia of the specimens with overdose of 2% 
lidocaine was proceeded, following the protocol 
established in the Guide for Animal Euthanasia 
proposed by the IACUC (The Institutional Animal 
Care and Use Committee) and the teleosts 
necropsy guide of Noguera et al. (2015), under 
the norms of the ethics committee of the School 
of Veterinary Sciences-UNNE.

Morphological analysis (macroscopic)
Fragments of the tegument of the dorsal, 
ventrolateral, and ventral region of the trunk of 
the individuals were fixed in Bouin solution and 
preserved in formalin with pH 7.4 at 10%. The 
fragments were observed and photographed 
under stereoscopic magnifying glass.
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Morphological analysis (ultrastructural)
The fragments of the tegument were observed 
in scanning electron microscope (SEM).  The 
preparation of the specimens for SEM was 
carried out following the standardized protocol 
of dehydration in solutions of increasing 
concentration of Acetone (12.5, 25, 50, 75, 100%), 
critical point drying, and gold plating. The 
observations were made in a JEOL JSM-5800 
LV  Microscope  belonging  to  the  Scanning  
Electron  Microscopy  Service  of  the  General  
Secretariat  of  Science  and  Technology  of  the  
National  University  of  the  Northeast  (UNNE).  
A macroscopic description was made in which 
the presence of grooves, folds, crevices or small 
protrusions was taken into account, as well as 
the different colors that were observed.

Histological analysis
With the tegument fragments of the dorsal, 
ventrolateral, and ventral trunk region 
previously fixed in Bouin and preserved 
in alcohol 70%, histological preparations 
were prepared following the conventional 
technique of dehydration, inclusion in paraffin 
and staining. Dehydration was performed in 
increasing concentrations of ethyl alcohol (70, 
80, 96 and 100%); the clearance was performed 
with xylol. The inclusion in xylol-paraffin (50% 
and 50%) was carried out for 12 hours and three 
paraffin baths of 2 hours each. Finally, tacos 
were made by orienting the samples to obtain 
cross-sectional or longitudinal sections from 
5 to 7μ. These were obtained with a manual 
Spencer Rotary Microtome. The samples were 
colored with Hematoxylin-Eosin (HE) for general 
cytological and histological characterization and 
histochemical reactions of PAS-H (Periodic acid-
Schiff-hematoxylin) for the detection of primarily 
carboxylated acid glycosaminoglycans and 
Coomassie Blue for the detection of conjugated 
proteins (Kiernan 1999). The proportions of 

the glandular types for each body region were 
estimated qualitatively. The preparations were 
observed and photographed with an Olympus 
BX41-ENUTV-4 microscope belonging to the 
chair of histology and embryology of the School 
of Veterinary Sciences - UNNE.  

RESULTS
At a macroscopic level, the skin of G. carapo is 
smooth, with subepidermal scales, of variable 
coloration, presenting dark spots of serpentine 
form in the dorsal andlateral region, towards 
the ventral region is light in color with fainter 
spots (Fig. 1a-d). From the observations in SEM, 
a smooth tegument with pores of different 
sizes could be evidenced (Fig. 2a-c). The scales 
of the different regions of the body (dorsal/
ventral) have different ornaments, being more 
prominent and numerous those of the ventral 
region (Fig. 2d-f).

At the histological level, both the dorsal, 
ventrolateral and ventral region are composed 
of a stratified non-cornifiedepithelium, which 
is supported by a thick layer of connective 
tissue and a wide muscular tissue (Figs. 3a, 
4a). The epithelium is composed of two types 
of morphologically distinct cells: epidermal 
cells (Figs. 3b, 4b) and mucous cells (unicellular 
gland) (Figs. 3c-d, 4c), positive for histochemical 
staining of PAS (for mucopolysaccharides) 
and Coomassie blue (for conjugated proteins).  
Epidermal cells are small when compared to 
mucous cells. These two types of cells form a 
heterogeneous stratified epithelium composed 
of small flattened cells and large globular cells 
(Fig. 3a). The number of layers varies according to 
the arrangement and heterogeneity of cell types, 
between the 3 regions analyzed (dorsal, lateral 
and ventral) (Figs. 3a, 4a); the mucous cells in 
the ventral region appear in greater numbers, 
with a gradual increase from the lateral region 
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(Fig. 4b).  The cytoplasm of the mucous cells is 
quite poor in the organelles and rich in PAS + 
secretion (Figs. 3c, 4c), usually the mucous cells 
have a regular distribution in the superficial 
and middle layers of the epidermis. Figures 3c, 
4c show the glycoprotein content of these cells 
with the PAS technique, which is observed in 
purple-magenta color and granular appearance 
with a well defined  cell  contour. Regarding the 
presence of club cells, their presence has not 
been evidenced in the species under study.

Beneath the epithelium is the dermis, which 
is made up of connective tissue, with associated 
fibroblasts and chromatophores (Figs. 3a-b, 4a-
b), under the dermis, a thick layer of skeletal 
muscle tissue is found.  The dermis consists 
of a layer of loose connective tissue in the 
papillary region and irregular dense connective 
tissue in the reticular region; in which the 
nuclei of the fibroblasts can be observed, it has 
melanophores (pigment cells), which flank the 

dermis; This layer was poorly vascularized (Fig. 
3b). The hypodermis is located under the dermis 
and is mainly composed of adipose tissue (Fig. 
3e). It is observed that the main cells of this 
tissue are adipocytes (Fig. 3e).

The scales could be observed in the 
histological sections of the three regions; 
they are immersed in the dermis, below the 
chromatophores layers (Fig. 3f). It is of elasmoid 
type, and it appears in horizontal and vertical 
lines forming a regular pattern (Fig. 3g). Its 
origin, like other bone elements is dermal. Each 
scale consists of 3 layers; First, the outer layer 
consisting of a network of collagen fibers (Fig. 
3f) and well-mineralized tissue (Fig. 3g, 4d-e) is 
developed, then the basal layer composed of a 
partially mineralized tissue called elasmodine 
is formed and finally, the boundary layer 
composed of hypermineralized fibers is formed 
(Fig. 3h).

Figure 1. a) Macrophotography of the Gymnotus carapo tegument. b) Macroscopic detail of the dorsal region 
tegument. c) Macroscopic detail of the tegument of the lateral region. d) Macroscopic detail of the tegument of the 
ventral region. References: circle and yellow arrow: sampled fragment of the dorsal region. Circle and red arrow: 
sampled fragment of the lateral region. Circle and light blue arrow: sampled fragment of the ventral region.
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Associated with the epidermis, the receptors 
that make up the lateral line could be evidenced, 
these are constituted by neuromasts, and each 
composed of a  group of hair cells.  The cilia are 
surrounded by an outstanding dome (Fig. 3i, 4f).

DISCUSSION
The G. carapo tegument comprises three main 
layers: the epidermis, the dermis, and the 
hypodermis. The main function of the epidermis 
is protection against environmental risks. In 
teleosts, mucogenic cells generally provide this 
function by secreting their surface content. In 
Ancistrus dolichopterus, they are bulky, but 
their density is remarkably low, and they are 
confined to the upper layers of the epidermis. 

In Bagarius bagarius, a siluroid fish without 
scales, mucous cells are few and restricted to 
epidermal grooves (Garg et al. 2008), in the 
case of G carapo, abundant mucous cells were 
evidenced in the tegument, with predominance 
in the ventral region.  In Punctius sophore, in 
regions where mucous cells are numerous and 
well developed, club cells are scarce or absent, 
while in regions where mucous cells are smaller 
and present in a small number  the cells of the 
Clubs are numerous and well developed (Mittal 
1968). Singh & Mittal (1990) suggested that the 
low density of mucous cells is compensated 
by the high density of club cells as an effective 
defensemechanism, in the tents of India. 
However, no club cells were observed in the 
dorsal skin of G. carapo. The reduced number 

Figure 2. a-b) Micrograph of SEM of the Gymnotus carapo tegument, with detail of the pores (b). c) Micrograph 
of SEM with detail of the tegument and scale. d) Detail of the micrograph of SEM of dorsal scale. e) Detail of the 
micrograph of SEM of lateral scale. f) Detail of the micrograph of SEM of dorsal scale. References: E: epidermis. S: 
scale. 
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of mucous cells and the absence of club cells 
indicate that their protective function has been 
assumed by the thick epidermis. In Chaca chaca, 
cornified structures unlike the mucogenic 
epidermis are devoid of secretory cells - the 
mucous goblet cells and the club cells (Mistri 
et al. 2018). Mittal & Banerjee (1975) reported 
that where keratinization (or cornification) 

does occur, secretory cells are not found and 
suggested that there is an inverse relationship 
between the keratinization (or cornification) and 
slime secretion. So the absence of club cells 
in G. carapo is supported by previous reports 
that “there is an inverse relationship between 
keratinization and mucogenesis”. Cornified or 
corneal structures are associated to provide 

Figure 3. Photomicrography of the Gymnotus carapo dorsal tegument. a) Cross section of the tegument, with 
detail in the 3 regions (epidermis, dermis and hypodermis) (Staining: H-E). b) Detail of the epidermis of Gymnotus 
carapo in cross section. (Staining: H-E) c) Detail of PAS positive mucous cells (Staining: histochemical reaction of 
PAS). d) Detail of Commassie Blue mucosal cells positive (Staining: histochemical reaction of Commassie Blue). e) 
Detail of the hypodermis of Gymnotus carapo in cross section. (Staining: H-E). f) Histological detail of the scale 
of Gymnotus carapo. (Staining: H-E). g-h) Macroscopic detail of the scale of Gymnotus carapo. i) Detail of the 
neuromastes in cross section. References: E: epidermis. D: dermis. M: muscle layer. H: hypodermis. MC (arrow): 
mucous cell. C: capillary; Cr: chromatophore. S: scale. Ne: neuromast.
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protection against abrasions and friction stress 
during excavation.

The glycoprotein content of epidermal 
secretions in teleosts may vary depending 
on the species and cell types (Whitear 1986, 
Roussel & Delmotte 2004, Mistri et al. 2018). The 
secretion of abundant mucus was reported in 
teleosts that are buried and live associated with 
muddy waters (Mittal & Munshi 1971, Mittal & 
Banerjee 1975). The lubricating role of mucus 
reduces body friction in water, helps swimming, 
and also protects the body from abrasion during 
nest excavation (Mittal & Munshi 1971, Rosen & 
Cornford 1971, Mittal et al. 1995). Mucus can act 
as a barrier to several pathogens and prevent its 
colonization in the epidermis (Mittal et al. 1995).

A continuous layer of melanocytes 
immediately below the basement membrane, 
and its random presence in different layers of 
the dermis and epidermis in teleosts that live 
in the bottom impart coloration and camouflage 
functions (Mistri et al. 2018); this could be seen 
in G. carapo. Toledo & Jared (1993) and Olea 
et al. (2019), for anurans suggested that the 
chromatophores units provide color patterns 
and can also function to absorb or reflect 
radiation (thus contributing to the regulation of 
body temperature). They can also play similar 
roles in G. carapo, since this teleosts may be 
exposed to high levels of solar radiation during 
episodes of environmental hypoxia and the dry 
season.

Figure 4. Photomicrography of the Gymnotus carapo lateral and ventral tegument. a) Cross section of the lateral 
tegument (Staining: H-E). b) Detail of the epidermis of the ventral region of Gymnotus carapo in cross section. 
(Staining: H-E) c) Detail of PAS positive mucous cells of the ventral region (Staining: PAS histochemical reaction). 
d-e) Gross detail of the scale of the lateral region (D) and ventral region (E) of Gymnotus carapo. f) Detail of the 
neuromastes in cross section. References: E: epidermis. D: dermis. M: muscle layer. MC (arrow): mucous cell. C: 
capillary; Cr: chromatophore. S: scale. Ne (asterisk): neuromastes.



TANIA BLANCO COHENE, GABRIELA OLEA & CAROLINA FLORES QUINTANA THE Gymnotus carapo TEGUMENT

An Acad Bras Cienc (2023) 95(4) e20191259 8 | 10 

As for the G. carapo dermis, the histological 
observations do not show a clear division of the 
spongy and compact strata. This suggests that 
the dermis would withstand the pressure exerted 
by the physical medium (associated with the 
substrate) acting as a buffer layer. Regarding the 
vascularization of the dermis described in other 
teleosts (Berra & Humphrey 2002, Park 2002, 
Park et al. 2003, Souza et al. 2003, Le Guellec et 
al. 2004); It can be said that G. carapo differs 
slightly, as it presents little vascularization that 
can be attributed to a low metabolic level or 
possibly to the fact that the dermis has a lot of 
collagen. Another peculiarity of the histological 
observations was to find pigment cells that 
correspond to the group of melanophores 
flanking the dermis. Although a count of these 
cells was not performed, abundance was 
evident towards the dorsal and lateral surfaces 
of the teleosts, which can be associated with 
the characteristic pigmentation observed 
microscopically; These cryptic conditions can 
be attributed to the environment in which they 
live and to their adaptation to the evasion of 
predators, as proposed for Eremophilus mutisii 
(Bonilla Lizarazo et al. 2010). The histological 
results for G.  carapo skin allow us to assign 
a protective and supportive function for this 
teleosts due to the conformation of the skin 
layers and the cells found in the epidermis.

This study aimed to describe the 
morphology of the G. carapo tegument without 
focusing on functional aspects; however, we 
can infer a protective function for the tegument 
in this species. There are few studies in the 
literature on scanning electron microscopy 
and comparative histology of the tegument in 
teleosts where the tegument and dermal scales 
are analyzed together. Therefore, the current 
findings represent a reference point in the 
epidermal structure of a neotropical species of 
the Gymnotiform order at morphological and 

histochemical level. These analyses are the basis 
for future studies that will focus on elucidating 
the events related to integumentary healing  in  
this  species.
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